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Foreword 

THE A C S SYMPOSIUM SERIES was first published in 1974 to provide 
a mechanism for publishing symposia quickly in book form. The pur
pose of the series is to publish timely, comprehensive books devel
oped from A C S sponsored symposia based on current scientific re
search. Occasionally, books are developed from symposia sponsored 
by other organizations when the topic is of keen interest to the chem
istry audience. 

Before agreeing to publish a book, the proposed table of contents 
is reviewed for appropriate and comprehensive coverage and for in
terest to the audience. Some papers may be excluded in order to better 
focus the book; others may be added to provide comprehensiveness. 
When appropriate, overview or introductory chapters are added. 
Drafts of chapters are peer-reviewed prior to final acceptance or re
jection, and manuscripts are prepared in camera-ready format. 

As a rule, only original research papers and original review pa
pers are included in the volumes. Verbatim reproductions of previ
ously published papers are not accepted. 

A C S BOOKS DEPARTMENT 
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Preface 

PLANTS WERE THE MAIN SOURCES OF MEDICINES throughout the 
world until the development in Western society of chemical, pharmacological, 
and toxicological methods for preparing effective and reasonably safe mono-
molecular synthetic drugs, a high percentage of which were developed from lead 
compounds discovered in plants. Although the development of modern synthetic 
drugs nearly ended the use of—and pharmacological research on—medicinally 
used plants (herbs) in the United States, this was not the case for Europe, espe
cially for Germany, due to continued use by physicians and to favorable gov
ernment regulations that encouraged research. Consequently, most of the re
search on the herbs that have only recently become popular in the United States 
has taken place in Europe. Europe's leading role in herb research is further evi
denced by the long-time existence of scientific societies like the Society of Me
dicinal Plant Research (Gesellschaft fur Arzneipflanzenforschung, founded in 
1953) and the Phytochemical Society of Europe (founded in 1957)—both of 
whose annual meetings are held in English, although rarely attended by Ameri
cans—and several well-respected European scientific journals on medicinal 
plants, like Plania Medica, Phytotheraphy Research, Phytomedicine, Fi-
toterapia, and Zeitschriftfur Phytotherapie. 

Because of the lack of U.S. scientific interest in medicinal plants, much of 
the published research and reviews on herbs have been predominantly written in 
German. Therefore, the purpose of this A C S symposium was to gather together 
for the first time in the United States many of the leading European investigators 
and authorities on medicinal plants to review and discuss the current scientific 
status or "state of the art" of many of the more popularly used herbs, with re
spect to both the pharmacological evidence and the identification of the active or 
important components of the herbs. The reader wi l l discover in the following 
chapters that there is good experimental and clinical support for the medicinal 
and preventative effects of many herbs, although for some popular herbs more 
research is still needed. Furthermore, it wi l l be discovered that there are some 
plants which have good clinical support of efficacy, but for which the active 
compounds and/or mechanism of action have remained elusive. 

The titles of the book and the symposium are not meant to imply that the 
plants presented in this book originated in Europe or that they are popular only 
in Europe. For example, echinacea and saw palmetto were originally used in the 
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United States, and garlic has been used extensively by many cultures throughout 
the world. Instead, the title emphasizes the fact that these plants have been in
vestigated by modern research, primarily in Europe, and have been popularly 
used there as medicines for many decades. 

The book is divided into three sections: Perspective, Specific Effects, and 
Specific Plants. The Perspective section deals with subjects that are important to 
all herbs, such as status in the United States and European markets, status in the 
German Commission Ε monographs, and regulatory concerns. The Specific Ef
fects section presents a few specific disease states and how they might be af
fected by a variety of plants. The largest is the Specific Plants section, which 
contains reviews of the biological activity and chemistry of 12 popular herbs. 
Unfortunately, reviews of the research on many other popular and effective 
herbs could not be included due to the time limitation for the symposium. How
ever, as the editors, we feel that what is presented in the book wi l l give the 
reader a good overview of the scientific status of medicinal plants as well as of 
some of the challenges and concerns unique to pharmacological research with 
plants. 

Lastly, the editors would like to thank A . Douglas Kinghorn of the Univer
sity of Illinois-Chicago and former chairman of the Agricultural and Natural 
Products Chemistry section of the American Chemical Society for inviting us to 
organize this symposium and book, and those colleagues who have critically re
viewed the various chapters. We want to express very special appreciation to the 
following sponsors, who made this symposium possible: 

Bioforce AG (Switzerland) 
Bionorica GmbH (Germany) 
Capsugel (South Carolina) 
East Earth Herbs (Oregon) 
Enzymatic Therapy (Wisconsin) 
Finzelberg's GmbH (Germany) 
Flachsmann AG (Germany) 
Hevert Arzneimittel (Germany) 
Klosterfrau GmbH (Germany) 
Lichtwer Pharma (Germany) 
Madaus AG (Germany) 

LARRY D. LAWSON 

Murdock Madaus Schwabe 
Nature's Way Products, Inc. 
10 Mountain Springs Parkway 
Springville, UT 84663 

Müggenberg GmbH (Germany) 
Murdock Madaus Schwabe (Utah) 
Pharmaton SA (Switzerland) 
Phytopharm Ltd. (England) 
Pure-Gar (Washington) 
Salus-Haus (Germany) 
Schaper & Brümmer (Germany) 
Schönenberger GmbH (Germany) 
Schwabe GmbH (Germany) 
SmithKline Beecham (Pennsylvania) 

RUDOLF BAUER 
Institute of Pharmaceutical Biology 
Heinrich-Heine-Universität 

Düsseldorf 
Universitässtr. 1 
D-40225 Düsseldorf, Germany 
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Chapter 1 

Importance of European Phytomedicinals 
in the American Market: An Overview 

Varro E. Tyler 

Department of Medicinal Chemistry and Molecular Pharmacology, 
School of Pharmacy and Pharmacal Sciences, Purdue University, 

West Lafayette, IN 47907-1333 

Detailed comparisons of practices on both continents reveal that 
European phytomedicine has had a profound influence on American 
herbal medicine. Of the ten best-selling herbs in the United States 
today, six (echinacea, garlic, ginseng, ginkgo, saw palmetto, and 
eleuthero) have been popularized primarily as a result of European 
research. This situation has come about as a result of a more 
favorable regulatory climate in European countries that permits 
botanicals to be marketed as drugs based on traditional use and/or 
reasonable evidence of efficacy. In the United States, demand for 
unrealistic amounts of evidence regarding their efficacy has 
discouraged research on these generally unpatentable products and 
relegated them to the status of dietary supplements. Following 
comparisons of both systems, suggestions for improving the 
regulation of phytomedicinals here are provided. 

As political debates over various aspects of the European Union and a projected 
common currency continually remind us, in most respects the countries of Europe 
are not homogeneous, and this applies to their development and utilization of 
phytomedicinals. This review will not provide detailed information regarding the 
laws and regulations governing the approval and use of these products in the various 
countries of Europe. That ever-changing topic is more suitable for an attorney than 
for a scientist. A l l of the countries there allow the sale of such products as 
"traditional remedies" with little or no scientific or clinical evidence supporting 
safety and efficacy. Likewise, all of them have provisions for classifying 
phytomedicinals as conventional drugs. The standards applied to permit such 
categorization differ widely from country to country. 

Instead of delving into laws and regulations, the purpose of this review is to 
provide background information on European phytomedicinal research that has 
established the safety and efficacy of a number of botanicals which have, in 
consequence, become very popular in the United States. For reasons that will 

2 ©1998 American Chemical Society 
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become clear, little such research is conducted in this country, so most of the well-
proven herbal products have their origin in European research. Several of them are 
prepared from native American plants, but their popularity is based upon 
information derived from studies in Europe. When it comes to phytomedicines, 
America owes a large debt to the Old World. 

Scientific Status of Phytomedicines in European Nations 

Observations, both direct and indirect, have led to the conclusion that the 
United Kingdom is the least advanced of the European nations with respect to the 
science of phytomedicine. In that regard, it is nearly—but not quite—as 
underdeveloped as the United States. While some of the publications emanating 
from the U.K. appear to be science based—the British Herbal Compendium, vol. 1, 
is a good example (7)—many others are the work of herbalists who have relatively 
little regard for the scientific method. The largest selection of books related to 
botanical medicine observed recently in London was not in Foyles or Blackwells 
but in Watkins Books Ltd., a firm advertising itself as "Mystical and Occult 
Specialists." This would seem to categorize the field as something of a nonscience 
in that country. 

British herbalists still recommend the internal use of pokeroot for various 
conditions, report high concentrations of "estrogens" in certain plants, and show a 
disregard for proper morphologic and taxonomic nomenclature (2). With the 
exception of feverfew, no herbal remedy has entered the American market in recent 
years based on British research, and as a matter of fact, several erroneous reports on 
herbal toxicity have appeared in the literature as a result of lack of quality control in 
the U.K. Probably the most persistent of these is a study by MacGregor et al. (5) 
postulating the hepatotoxicity of scullcap and valerian in an herbal mixture. In fact, 
neither of these botanicals has ever been demonstrated to possess toxic properties 
when consumed in normal amounts. The problem arose because in Britain 
Teucrium canadense L . or American germander is almost always substituted for 
scullcap (4). Species of Teucrium contain constituents, probably furano neo-
clerodane diterpenoids, that are transformed in the body by cytochromes P450 into 
hepatotoxic metabolites (5). Nevertheless, the erroneous report of scullcap and 
valerian toxicity continues to appear in the herbal literature. 

At the other end of the spectrum among European countries interested in 
herbal medicine or phytomedicine is Germany. There, because of a favorable 
regulatory system allowing botanicals to be marketed with "reasonable" proof of 
safety and efficacy, research on and use of such products has flourished. The 
crowning achievement of the German system is the evaluation of more than 300 
individual herbs and publication of therapeutic monographs devoted to them by 
Commission E of the Bundesinstitut ftir Arzneimittel und Medizinprodukte 
(Bf ArM) (6). Much of the research on which these monographs are based has either 
been conducted in-house by German phytomedicine producers or sponsored by 
them in German university laboratories. It is no exaggeration to declare that the 
system of phytomedicinal use developed in Germany is the envy of all other 
advanced nations. 
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Germany also accounts for the largest share of the European Union herbal 
drug market with sales of $3 billion of an annual $6 billion total. France occupies 
second place with sales of $1.6 billion representing a 26.5% market share. Next is 
Italy with $600 million in sales, followed by all others with combined total sales of 
some $800 million (7). 

In terms of quantity and quality of scientific research, most European 
nations seem to fall somewhere between the large volume of excellent research 
conducted in Germany and the relatively nonscientific efforts emanating from 
Britain. Italy produces, and certainly publishes, a disproportionate share of original 
research due to the presence of a very large phytomedicine manufacturing company 
in Milan. However, taken as a whole, European phytomedicine is dominated by 
German phytomedicine, so it is not surprising that it has been the dominating 
influence on scientific phytomedicine in the United States as well. 

Table I lists the ten best-selling herbs in selected American health food 
stores in 1995 (8). From this, it will be observed that six of the ten have been 
popularized largely on the basis of the result of European research. Considering 
that no modern research has been conducted anywhere on one of the herbs— 
namely, goldenseal—this two-thirds domination of European research influence on 
the best-selling herbs in the American market is indeed appreciable. 

Table I. Source of Research on Best-Selling U.S. Phytomedicinals 

Plant Market Share (%) Location 
1. Echinacea (Echinacea spp.) 9.9 Europe (Germany) 
2. Garlic (Allium sativum) 9.8 Europe and U.S. 
3. Goldenseal (Hydrastis canadensis) 7.0 nowhere 
4. Ginseng (Panax spp.) 5.9 Europe and Asia 
5. Ginkgo (Ginkgo biloba) 4.5 Europe (Germany) 
6. Saw Palmetto (Serenoa repens) 4.4 Europe (Germany) 
7. Aloe Gel (Aloe barbadensis) 4.3 United States 
8. Ephedra (Ephedra spp.) 3.5 United States 
9. Eleuthero (Eleutherococcus senticosus) 3.1 Europe and Asia 
10. Cranberry (Vaccinium macrocarpon) 3.0 United States 

Table II. Source of Research on Other Phytomedicinals Popular in the U.S. 

Plant Location 
11. Feverfew (Tantacetum parthenium) England 
12. Milk Thistle (Silybum marianum) Germany 
13. St. John's Wort (Hypericumperforatum) Germany 
14. Valerian (Valeriana officinalis) Germany 
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Top Ten Herbs in the United States 

Echinacea. Echinacea is a native American plant represented by several species of 
that genus growing primarily in the Midwestern United States, and the drug was 
introduced into medicinal practice by the firm of Lloyd Brothers in Cincinnati about 
1880. However, the resurgence of use of the botanical in this country during recent 
years must be attributed to modern European research. So many different research 
groups have been involved in determining the immunostimulatory properties of 
echinacea and its various constituents that it is impossible to establish a firm priority 
of discovery. The literature has been summarized in considerable detail by Hobbs 
(9), by Foster (10), and by Bauer and Wagner (77). 

For our purposes, the three studies by Beuscher et al. in 1977, 1978, and 
1980 on the proprietary herbal combination Esberitox form a convenient starting 
point (12-14). Basically, these describe the influence of echinacea on cellular and 
humoral immunity in rats. In 1981, Wagner and Proksch began publication of a 
series of papers on the immunostimulant properties of echinacea that eventually 
concluded that high molecular weight polysaccharides were the compounds 
responsible for the principal activity (75). However, Bauer et al. later reported that 
the lipophilic fraction of echinacea extracts tended to be more active than the polar 
fraction. They found the isobutylamides and the polyenes to be the most active 
components, using the carbon-clearance and granulocyte tests in vivo (76). 

No modern scientific or clinical studies on echinacea have been conducted in 
the United States, so the popularity of this herb as a useful preventive agent or 
therapeutic treatment for colds and influenza must be attributed directly to these and 
other European studies. That a phytomedicine could occupy a 9.9% share of the 
U.S. market without a single study having been carried out here is little short of 
amazing. 

Garlic. Research on garlic must be viewed as both an American and a European 
effort. An American group headed by Cavallito first identified allicin as the 
antibacterial principle and determined its structure (77). However, it remained for 
Stoll and Seebeck in Switzerland to isolate, identify, and synthesize the stable 
oxygenated sulfur amino acid alliin that serves as the precursor of allicin (78). 
Then, in 1984, Block et al in this country identified ajoene as a potent 
antithrombotic agent that is derivable from allicin (79). As a folk medicine for 
cardiovascular problems, garlic has long been popular in both Asia and Europe, but 
most of the clinical trials of garlic powder in coated tablets have been conducted 
with the German product Kwai (20). The utility of tablet coating in formulating an 
active, relatively odor-free dosage form of garlic is thus a European innovation. 

Garlic is sold in a wide variety of dosage forms in the United States, some of 
which lack the ability to yield allicin following consumption and are of doubtful 
efficacy. The botanical has a market share of 9.8% and is used for a wide variety of 
effects ranging from antibacterial to hypotensive to hypolipidemic. Reduction of 
blood lipids, including both cholesterol and triglycerides, probably accounts for the 
majority of use both here and abroad. Those remain the best proven therapeutic 
effects of garlic (21). 
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Goldenseal. That goldenseal—a drug which has never been the subject of a 
modern scientific study, let alone a randomized clinical trial—should command a 
7% share of the U.S. herb market is indeed an anomaly. The botanical apparently 
owes some of its popularity to an erroneous perception by members of the 
counterculture that goldenseal masks urine tests for heroin and other illicit drugs. 
Foster has identified the original source of this misconception—the novel 
Stringtown on the Pike by John Uri Lloyd (22). As a matter of fact, the drug is 
more apt to cause false positives than to obscure the presence of narcotics. 

Goldenseal is not widely used in Europe, which helps explain why there has 
been so little scientific study of it. The herb is not monographed in Hager's 
Handbuch der Pharmazeutischen Praxis, 5th ed., nor by the German Commission 
E. Advocates claim it has immunostimulatory effects (23), but these have never 
been verified. For this purpose, the botanical is often combined with echinacea, so 
such an effect would not be unexpected. 

The most recent review of the pharmacology and therapeutics of goldenseal 
was published in 1950 (24). It noted that little work had been done on the plant in 
the preceding 40 years. Reasons for the extreme popularity in the United States of 
this little-investigated botanical remain enigmatic. 

Ginseng. Ginseng is the fourth best-selling herb in the United States with a 5.9% 
market share. Presumably, this statistic includes both the Asian and American 
species. Asian ginseng root has been used in China for more than 2,000 years, 
primarily as an aphrodisiac, probably based on the Doctrine of Signatures and its 
often humanoid form. The herb made its first appearance in Europe in the twelfth 
century, having been taken there by Marco Polo (25). 

Over the years, numerous studies by many investigators in the Asian Rim 
nations, Russia, and Europe have clarified the chemistry of the saponin glycosides 
contained in ginseng and established with reasonable certainty their activity as 
performance and endurance enhancers in small animals. Almost all authorities 
agree that proof of efficacy as an adaptogen or tonic in humans requires additional 
clinical testing (26). 

The European contribution to ginseng research that has greatly influenced 
the American market was the development of Ginsana brand, a product standardized 
to contain 4% of total ginsenosides. Said by its manufacturer to be a product of 15 
years of Swiss research, the first such standardized extract dosage form was made 
available here in 1983 (27). Since that time, many additional commercial 
organizations have begun to market similar preparations in the United States. 
European—specifically, Swiss—research on ginseng may be said to be responsible 
for the botanical's current availability in dosage forms containing specific amounts 
of a standardized extract. 

Ginkgo. Ginkgo biloba leaf extract is a relatively recent medical discovery used 
primarily to treat peripheral circulatory insufficiencies. Although the seed or nut of 
the tree had long been used in eastern Asia as a minor article of food and digestive 
aid, use of the leaf was much less common. In 1436, external application of the 
leaves was proposed for a variety of skin conditions; then, in 1505, they were first 
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recommended for internal use. Modern Chinese medicine employs the leaves to 
"benefit the brain" (28). 

Exactly how and when ginkgo came to the attention of European researchers 
has apparently not been recorded in detail. Schilcher has noted that its 
pharmacological action and therapeutic activity were discovered during a systematic 
investigation, but no details of the process were presented (29). An inquiry directed 
to the Schwabe organization in Germany in 1993 (30) elicited a response which 
indicated that a historical review of the discovery was in preparation, but it 
apparently has not yet appeared. Foster has concluded that ginkgo leaf extracts are 
more closely associated with European phytomedicine than with Chinese traditional 
medicine, but postulates that reports of use of the leaf tea in China stimulated the 
chemical, pharmacological, and clinical research resulting in the development of the 
standardized extract in Europe (31). 

As a result of the European research, ginkgo biloba extract preparations 
standardized to contain 24% flavonoids and 6% ginkgolides entered the American 
market in the mid-1980s and since became the number five best-seller with a 4.5% 
market share. Products sold here are prepared from extracts imported from 
Germany, Italy, and Asia. A very large ginkgo plantation containing some 10 
million trees, pruned to shrub height to facilitate harvest of the leaves, exists near 
Sumter, South Carolina. However, after collection and drying, the leaves are all 
shipped abroad for processing. 

Saw Palmetto. Occupying sixth place in herbal popularity in the United States 
with 4.4% of the total market, saw palmetto is another native American plant. It 
was first introduced into medicine by a Dr. Reed in 1877 (32). By 1898, Felter and 
Lloyd were recommending it for a variety of conditions, including "hypertrophy of 
the prostate" (33). Current use in this country in the treatment of benign prostatic 
hyperplasia (BPH) is nevertheless the result of European research. 

Harnischfeger and Stolze have summarized the pertinent literature which 
shows that an interest in the constituents of the fruit was developing in German 
laboratories in the 1960s (34). Then in 1981, Wagner and Flachsbarth (35) reported 
on a new anti-inflammatory polysaccharide from saw palmetto, and this was soon 
followed up by pharmacologic and clinical studies in France, Germany, and other 
European countries. 

One of the most recent of these studies emanating from Belgium reported 
the results of an open trial with 505 patients (36). After 90 days of treatment with 
saw palmetto extract, 88% of the patients and 88% of the attending physicians 
reported significant symptomatic improvement with a low incidence (5%) of side 
effects. Saw palmetto has become a very popular therapy for BPH in the U.S. in 
recent years because of its relatively low cost and absence of some of the 
undesirable side effects (e.g., impotency) attendant to the use of conventional 
prescription medications for this condition. 

Aloe Gel, Ephedra, and Cranberry. Although unrelated in most respects, aloe 
gel, ephedra, and cranberry—the 7th, 8th, and 10th best-selling botanicals in the 
U.S.—may be considered as a group because their use here has not been 
appreciably influenced by European research. Most of the studies dealing with the 
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wound-healing properties of aloe gel, the bronchodilating and vasoconstricting 
properties of ephedra, and the anti-infective properties of the cranberry originated in 
America (37). Most of the worldwide use of these herbal products also takes place 
here. 

Europeans should be grateful that the widespread chronic misuse and abuse 
of ephedra as a putative anorectic agent, performance enhancer, or euphoriant have 
not occurred to any appreciable extent on their continent. Ephedra, often sold under 
its Chinese name ma huang, has been reported to cause more adverse reactions and 
more deaths than any other herb sold in the United States (38). In April 1996, the 
Food and Drug Administration issued a warning to consumers not to buy products 
containing high doses of ephedra. Aloe gel, on the other hand, shows considerable 
promise in promoting wound healing when applied externally, and cranberry juice 
has become a very popular preventive agent for urinary tract infections (39). 

Eleuthero. Usually marketed in the United States under the more glamorous 
designation "Siberian ginseng," eleuthero is the ninth best selling herb with 3.1% of 
the market here. As noted by Farnsworth et al., most of the experimental studies on 
this plant have been conducted in Russia, so at least a portion of the work must be 
considered to be of European origin (40). 

An extract of the plant was first marketed in the United States in 1971 under 
the name Siberian Ginseng Liquid Extract. The plant is not a true ginseng, but that 
name was considered commercially advantageous and was justified on the basis that 
it did belong to the same plant family and, for that reason, had the same 
physiological activity (37). If this logic were extended, the consumption of deadly 
nightshade fruits could be justified on the basis that they belong to the same family 
as tomatoes. 

Long-known chemical constituents were also renamed as eleutherosides to 
mimic the nomenclature of ginsenosides, the active principles of ginseng. This was 
done in spite of the fact that none was a triterpenoid saponin remotely related in 
structure to the ginsenosides. For example, B-sitosterol glucoside or daucosterol 
was renamed eleutheroside A; syringin was designated eleutheroside B; isofraxidin 
glucoside was called eleutheroside B\, and so on. 

A detailed analysis of the studies conducted primarily in Russia on the 
ability of eleuthero to improve work output and enhance athletic performance 
reveals that most of the trials were not double blinded and lacked adequate controls. 
Haas has concluded that the only effect of eleuthero that has been adequately 
documented is that of an immunomodulator (41). In spite of its questionable 
reputation, the herb has been approved by German Commission E as a tonic. 
Additional randomized clinical trials are needed to confirm this evaluation. 

Other Popular Herbs in the United States 

There are a number of herbs that have become popularized in the United 
States as a result of European research but which do not fall in the top ten sales 
category. A l l of the ones mentioned subsequently are in the top twenty-five sales 
listing. These include feverfew, milk thistle, St. John's wort, and valerian. See 
Table II. 
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Feverfew. Long utilized in folk medicine as a treatment for headache, this plant 
was introduced into modern American herbal medicine as a result of clinical studies 
conducted in Britain in the 1980s. These showed that relatively small amounts (ca. 
60-82 mg.) of feverfew leaf ingested daily reduced both the frequency and severity 
of migraine attacks. The sesquiterpene lactone parthenolide has been postulated to 
be the active principle, apparently acting as a serotonin antagonist (42). However, 
this has still not been verified by studies utilizing that chemical in pure form. A 
tentative relationship between pharmacological potency and total sesquiterpene 
lactone content has been established (43). 

The quality of feverfew with respect to its parthenolide content has been 
shown to be extremely variable. One study of various plant samples and 
commercial products showed variations ranging from zero to 1.03% parthenolide 
(44). The Canadian government has established a minimum content requirement of 
0.2%; French authorities recommend 0.1%. Feverfew preparations standardized at 
the 0.2% level are now commonly available in the United States. 

Milk Thistle. Although the milk thistle plant had been recommended for the 
treatment of liver ailments since the time of Pliny the Elder (23-79 A.D.), it 
remained for Wagner et al. in Germany to isolate from the fruits in 1965 a mixture 
of active principles that was characterized in 1968 as silymarin, thereby establishing 
a sound scientific basis for its use (45). Silymarin, a complex mixture of 
flavonolignans, was subjected to extensive pharmacological study in Germany and 
was shown to exert a hepatoprotective effect in laboratory animals exposed to a 
variety of toxic compounds. Subsequent clinical trials established its utility in 
treating alcoholic liver disease (cirrhosis) and hepatitis (46). 

Several mechanisms of action are apparently involved. Silymarin alters the 
permeability of liver cell membranes, thereby protecting them against the entry of 
toxic substances. It also stimulates protein synthesis, accelerating the regeneration 
process and the production of hepatocytes. In addition, silymarin acts as a free-
radical scavenger and antioxidant. The flavonolignans are poorly soluble in water 
and are poorly absorbed from the gastrointestinal tract, so they must be 
administered in the form of highly concentrated extracts of the fruit. 

St John's Wort. St. John's wort is another plant valued by the ancients, primarily 
to relieve inflammation and promote healing. More recently, an extract of the 
leaves and flowering top of die plant have come to be valued in Europe for the 
treatment of mild depression and for nervous unrest and sleep disturbances as well 
(47). The antidepressive activity has been demonstrated in clinical trials, but the 
identity of specific active constituents has not been determined. Possibly various 
flavonoid derivatives are responsible. 

Various mechanisms of action of St. John's wort extract have been 
postulated. The postulated mechanism of monoamine oxidase (MAO) inhibition 
has not been confirmed, and neither inhibition of catechol-0-methyltransferase 
(COMT) nor modulatory effects of a hormonal nature on the cytokines can 
presently be excluded (48). Obviously, additional research is required to establish 
with certainty the identity of the active constituents of this plant and their mode of 
action. 
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Valerian. Although the sedative properties of valerian have been recognized for 
2000 years, the identity of its active constituents and their mode of action are still 
unknown. This is the case, in spite of fairly extensive chemical, pharmacological, 
and clinical studies of the herb conducted in Europe. The sesquiterpene valerenic 
acid was shown to inhibit gamma-aminobutyric acid (GABA) breakdown, resulting 
in an increased level of that compound which is associated with a decrease in 
central nervous system (CNS) activity. However, it is not possible to explain the 
activity of valerian extracts on the basis of the small amount present of this or any 
other postulated active constituent (49). 

More recently, attempts have been made to explain the action of valerian 
extracts by determining their affinity for different sites at the G A B A - A chloride 
channel receptor complex or for the peripheral benzodiazepine receptors. At the 
moment, such findings remain largely of theoretical interest. 

The objective effects of valerian on sleep latency do compare favorably with 
those of the benzodiazepines. The botanical's efficacy, coupled with a reported lack 
of acute toxicity and minimal side effects, renders it a useful sleep aid (50). It is 
definitely worthy of further study to establish with certainty the nature of its active 
principles and their mechanism of action. 

Summary and Conclusions 

This review of sources of research responsible for the introduction and 
popularization of a variety of useful phytomedicinals in the American market has 
shown that, with few exceptions, the pertinent studies are of European origin. 
While this might be considered as a reflection of the lesser quality of American 
science, such is not the case. Rather, it results from the strict regulatory system in 
this country that demands an unreasonable investment in efficacy testing for 
unpatentable remedies. In those countries where more reasonable standards apply, 
progress has been substantial. In the United States, where sale of phytomedicines as 
dietary supplements is now very permissive but sale of drugs is highly restricted, 
most manufacturers choose to market them in the former category. This means 
essentially no investment in scientific or clinical studies, so the only available data 
derive from research abroad. In terms of phytomedicinal research, our country is 
indeed a very backward nation (51). 

There is an urgent need to change this system. In the capitated health-care 
plans of the future, only approved drugs will likely be employed. Phytomedicines 
could play a very significant role in such a system because of their reduced cost and 
minimal side effects, if an enlightened regulatory system were implemented based 
on a "reasonably certain" standard of efficacy. Such a system would benefit the 
public health in many ways, including the additional research findings that would be 
bound to result from its implementation (52). 

At the present time, scientific phytomedicine in the United States owes its 
existence to European research. That debt would soon be repaid if a reasonable 
system of regulations of herbs and phytomedicines were implemented here. 
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Chapter 2 

Status of Phytopharmaceuticals Within the European 
Market 

R. Anton and B. Kuballa 

Pharmacognosy Department, Faculty of Pharmacy, University Louis Pasteur 
B.P. 24, 67401 Illkirch Cédex, France 

After a survey of the different European regulations, the German and 
French positions on phytopharmaceuticals are presented and the main 
quality, efficacy, and safety criteria are discussed. Although the 
conceptual approaches are distinct, these two regulations are 
particularly up-to-date in the field of phytomedicines and could be of 
first importance for a new European harmonization. Different official 
institutions, such as the European pharmacopoeia, WHO, etc., are 
playing a very important role for the future European assessments. 

It is well-known that plants, drugs, extracts, or natural derivatives have given rise to a 
large number of preparations used by humans as remedies since ancient times. In 
French, the terms "boisson, potion, poison" have the same etymology. Nowadays, 
plants can be classified into three categories: 
• absolutely safe plants used in nutrition 
• plants known for their toxic properties but having pharmacological applications, 

such as molecular model references for studying the mechanism of action of new 
drugs, such as aconitine, an anti-arrhythmic model 

• plants used in therapy for which two types of raw materials have been developed: 
(1) industrial extraction of pure active compounds for use in severe pathologies 
such as morphine, digoxine, vinblastine, taxol, etc., and (2) crude herbs and 
extracts for use in healthcare products, OTC products, and phytomedicines for 
treating minor pathologies and to maintain a healthy balance. 

This last type of herbal remedy will only be discussed in a pharmaceutical 
context, in order to understand the problems of European harmonization. France and 
Germany have two separate official interpretations. It will be interesting to compare 
these different positions in order to develop a new common European legislation. 

©1998 American Chemical Society 13 
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Present Definitions of Herbal Remedies and Plant Drug Preparations 

Comprehension of the use of herbal remedies is not easy because of their very complex 
composition, which can also vary considerably. Therefore, it is important to provide 
definitions and standardization of such preparations. 

The following definitions are official and are generally agreed upon by all 
countries: 
• Herbal remedies are medicinal products containing as active ingredients exclusively 

plant material and/or plant drug preparations. 
• Herbal drugs are sometimes whole plants, but more often they are parts of plants 

(roots, barks, flowering tops, leaves, flowers, fruit, seeds) including exsudates 
(oleoresins, gums, latex, catechu, etc.). 

• Plant drug preparations can be powders, extracts, tinctures, fatty or essential oils, 
or expressed juices. Fractionation, purification or concentration processes may 
also be employed. Chemically defined isolated constituents (menthol, etc.) or 
mixtures are not herbal drug preparations. 

• Constituents with known therapeutic activity are chemically defined groups of 
substances known to contribute to the therapeutic activity. 

• Markers are chemically defined constituents used for control purposes. 
• Homeopathic preparations are excluded. 

Aspects of the European Phytomedicine Market 

Presently, about 1400 herbal drugs are used in different EC countries and about 200 
are the most important ones. Consequently, herbal remedies have economic relevance. 
About $6 billion in sales of herbal remedies in the European Union were reported in 
1994, indicating that every citizen of the European Union spends $17.4 per year for 
herbal remedies. By 1998, this amount is expected to increase by 8% per year. 

We can classify European OTC consumers into two categories: either they use 
phytomedicines as a self-medication or they prefer natural products, considering them 
as an alternative life-style. On the contrary, the term "herbal remedies" is not 
automatically linked to an OTC status. In Germany, and more rarely in France, a small 
proportion of medical prescriptions consists of herbal remedies. 

European phytomedicines can be categorized as follows: cardiovascular 
27.2%, respiratory 15.3%, digestive and tonics 14.4% each, hypnotic/sedative 9.3%, 
topicals 7.4%, others 12%. In France, about 30,000 tons of herbal plants are 
consumed every year. In general terms, according to the Directives 65/65 EEC and 
75/318/EEC, pharmaceutical products require pre-marketing approval before gaining 
access to the market. Requirements for the documentation of quality, safety and 
efficacy, the dossier and the expert reports are laid down in Directive 91/507/EEC. 

However, major problems or conflicts in the assessment of medical interest 
arise from harmonization of old products, generic applications (similar or identical 
products), divergent medical information depending on the origin and type of national 
authorization and diverse opinions on the criteria applied, especially in the case of 
safety and efficacy, as well as with label claims, such as "well-established use" and 
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"acceptable safety". An EC note for guidance, "quality of herbal remedies", provides a 
well-defined framework for quality testing (1). 

The Legal Status of Phytomedicines in Germany 

Herbal remedies constitute an important part of the pharmaceutical market, especially 
in the field of non-prescription medicines. In the sector of herbal OTCs, Germany 
holds the biggest share with $2.5 billion US in comparison with France ($1.6 billion) 
and Italy ($600 million). 

The Federal Health Office (Bundesgesundheitsamt or BGA), renamed in 1994 
as the Federal Institute for Drugs and Medical Devices (Bundesinstitut fur 
Arzneimittel und Medizinprodukte or BfArM), is responsible for the assessment of 
medicines. 

From 1978 to 1994, a multidisciplinary group of experts (called Commission 
E) established a review of more than 300 medicinal plants present on the German 
market. These detailed technical monographs have been elaborated on the use of each 
drug, the conception of which is quite different from the French approach. 

In 1984, the Commission E proposed the following additional criteria for the 
evaluation of long term experience with herbal drugs. Without new controlled clinical 
trials, evidence of safety and efficacy is accepted as plausible. 
• if an herbal drug is mentioned in the standard literature or in well-documented 

review articles, or 
• if there are clinical trials which are not conclusive alone but are supported by 

supplementary experimental data, or 
• if there is well-documented knowledge on traditional use that is supported by 

significant experimental studies. 
A positive monograph mainly includes title of monograph, nature of the active 

compound (herbal drug), definition of the plant drug, indications, contra-indications, 
side-effects, interactions, dosage, mode of administration, length of use, precautions 
and pharmacological activities. 

Negative monographs have also been elaborated, comprising title of the 
monograph, nature of active principle (plant drug), definition of the herbal drug, 
claimed indications, possible risks (contra-indications, side effects, interactions, effect 
on fertility/pregnancy) and pharmacological activities. An interesting official judgment 
is provided, giving a clear and useful attitude for industry: "Given the lack of evidence 
of efficacy, the therapeutical use of the drug is not recommended" or "Given the lack 
of evidence of efficacy and considering the risks induced by the drug, the therapeutical 
use is no longer acceptable". 

In Germany, phytomedicines can be prepared from very active drug material. 
This is allowed in France if a complete dossier (pharmaceutical, toxicological and 
clinical sections) is elaborated, although for some of these plants the corresponding 
monographs exist in the French pharmacopoeia. These phytomedicines are not 
considered to be very safe. The side effects of the active ingredients are not well-
known and we consider in France that the margin between therapeutic activity and 
toxicity is often too narrow. No clinical efficacy has been demonstrated with the 
present assessment criteria. Moreover, synthetic medicines with less side effects and a 
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more precise therapeutic impact are available on the market. Besides, it is not evident 
that some medicines presently sold in Germany could be developed in France. 

Here are some examples of monographs of plants which are not recommended 
in France for herbal remedies: Adonidis herba - Chelidonii herba - Convallariae 
herba - Dulcamarae stipites- Myristica fragans - Petasites rhizoma - Podophylli 
peltati rhizoma and resina - Ruta graveolens - Scillae bulbus - Visci albi herba -
Yohimbehe cortex.... 

In Germany, revised texts of the other monographs have been recently 
discussed for actualization. Some of the new texts clearly focus on specific extracts or 
preparations of the plants and not on the plant as a whole (Echinaceae pallidae radix, 
Hippocastani semen, Crataegus sp.). This is a general trend, and for this reason, a 
large number of phytomedicines cannot meet the scientific knowledge present in such 
a monograph and have very little chance of being granted a re-registration and of 
being further marketed. Therefore, fewer additional clinical studies will be carried out 

Finally, it should be noted that 4840 herbal medicinal products present on the 
German market, have been subject to pharmacological actions since 1978. Many of 
them had to be withdrawn from the market, or their use had to be restricted. 

Criteria of French Legal Requirements 

A group of experts was created in 1980 at the Ministry of Health in Paris. The goals of 
the group were threefold: 
• to avoid anarchy on the market 
• to define a high level of pharmaceutical quality because herbal remedies are 

recognized as medicines on their own 
• to consider only one type of license for highly sophisticated medical drugs as 

phytomedicines. 
In addition, the market nowadays is always flooded with masses of drug 

preparations from different origins. Thus, it is by all means imperative to define the 
high level of pharmaceutical quality. 

As an example, the percentage of ginsenosides found in some Ginseng 
preparations on the market varies from 0.5 to 8% or more. Numerous commercial 
forms derived from garlic, in which both initial content and stability may vary 
considerably, are sold on a parallel market. How can we imagine in these conditions 
that the therapeutic impact will be identical for all these preparations? 

The major criteria taken into consideration were the consistency of quality, 
safety and efficacy. The benefit/risk ratio has to be optimal. The applicant has to 
provide all the evidence which may be useful in supporting the application, but a high 
degree of flexibility for innovation is permitted in the limits of the above mentioned 
criteria. 

A long period of use is important, including traditional indications, traditional 
preparations, and historical proof of the widespread traditional use. A l l the therapeutic 
indications of this drug can be claimed in a special category preceded by the term 
"traditionally used for". In this case, the same level of requirements as for other 
pharmaceutical specialties is required in the pharmaceutical documentation. 
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The entrepreneur must know his phytomedicine as well as possible and 
elaborate a complete control monograph on the basis of fingerprints to evaluate the 
quality, to describe the stability of the finished products, and to refer to the 
toxicological documentation. A consistent quality for products of plant origin can only 
be assured if the starting material is defined rigorously and in detail The control of all 
steps of the manufacturing process is necessary to assure a consistent quality of the 
phytomedicine. 

New commercial forms can be admitted, but the more the traditional use of the 
drug that is claimed, the less the toxicological and clinical documentation that will be 
necessary. It has been accepted that the product in question should have a well 
established medicinal use with an acceptable level of safety based on a well established 
documentation. In this case, it is not necessary to develop any clinical trial. 
Nevertheless, it is evident from a formal point of view that the clinical tests available in 
the literature are incomplete or not in accordance with today's state of the art (lack of 
data like possible effect on the reproduction toxicity, genotoxicity, carcinogenicity, 
etc.). 

The recommended therapeutic indications are presented in the form of a list 
selected through literature search, including scientific references, and a rational point 
of view concerning the chemical composition of the drug as well as current 
pharmacological, toxicological and clinical data. 

Certain uses have been excluded because they correspond to conditions for 
which it could be dangerous not to use therapies in which efficacy has been established 
in accordance with currently existing criteria. 

In conclusion, a reasonable list of indications, has only been developed for 
minor pathologies. For each medicinal product, the number of therapeutic indications 
must be limited to two, chosen from the following list of main indications: non-
pathological cardiac excitability; circulatory disorders - capillary fragility -
hemorrhoids; wounds - itching of the scalp - emollient and antipruritic - burns -
buttock erythema; toothache; gastrointestinal system - colitis - diarrhea; painful 
menstruations; gallbladder ailments; colds - influenza; appetite - weight gain - asthenia; 
weight reduction; headache; sleep disorders and neurotic states; eye irritation; cough -
bronchitis - cold; minor articular pains; mouth-wash; renal system. 

Currently, scientific discussions takes are under way to remove some plants on 
the list and to add others. A new version of the "notice to applicants" will be published 
at the end of 1997. In the field of clinical applications, some indications will be 
restricted, such as "prostatic disease" and "acne", which in the minds of physicians are 
pathologies which require more efficient treatments. 

French Procedures for Registration of Traditional Drugs: "Notice to Applicants 
for Marketing Authorization" B.0.90/22 bis (2) 

Content of the Pharmaceutical Dossier. These elements summarize the French 
approach as described in the official 1990 text "Notice to applicants for marketing 
authorization". The French Ministry of Health decided to authorize some 
phytomedicines, and it adapted conditions for the application for marketing 
authorization, which have been defined for some plant drugs and preparations. 
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A list of 174 plants was initially established, on the basis of all scientific 
information available in the botanical, chemical, pharmacological, toxicological, and 
clinical fields. An additional list of 31 other species known for their laxative effect was 
also added. Al l these drugs are safe, and in some rare cases, a maximum dose of active 
ingredients is imposed {Fucus, Valeriana). Here are the major points concerning the 
official requirements assuring the best quality. 

Concerning the quality of the starting material, it must be stated whether or not 
the active ingredients are described in the pharmacopoeia. The botanical nomenclature 
and origin of the plant, the manufacturing process and the qualitative and quantitative 
control methods for the intermediate and final products must also be described. The 
control procedure monograph should be based on recently described compounds using 
up-to-date analytical techniques (HPLC or GC fingerprints). 

Validation of all the techniques must be provided, including the stability of the 
finished product. Furthermore, new standards must be addressed concerning pesticide 
residues, microbiology, solvents, and toxic metals. 

If the active ingredients are described in the European or French 
pharmacopoeias, the manufacturer has to follow all the standards described in the 
monograph. If no monograph is available, a special text should be prepared by the 
manufacturer in the same manner as the monographs of the European pharmacopoeia. 

The pharmaceutical dossier is elaborated in accordance with a provision of EC 
directives. Each part involves specifications, routine control tests, and scientific data 
relevant to the efficacy, safety and stability of the product 

Different technical steps in obtaining the plant drug, the herbal drug derived 
preparation, and the finished product must be clearly described. This dossier must be 
systematically updated in the event of a modification which may affect the quality of 
the finished product. 

Toxicological and Clinical Documentation. A toxicological evaluation depends on 
the available knowledge or the traditional use of the drug, the form of administration, 
and the possible presence of undesirable constituents in the drug. 

Three categories have been defined. The first concerns drugs for herbal teas 
(infusions), aqueous extracts, aqueous alcoholic extracts of low strength (< 30% 
alcohol v/v), traditional tinctures or aqueous alcoholic extracts of high strength (more 
than 30% v/v) listed in the French and/or European pharmacopoeias and laxative 
plants listed in the pharmacopoeias. For these types of preparations, no toxicological 
study is required. The second consists of an abridged toxicological study for powders 
of whole plants, tinctures and alcoholic extracts of non-traditional use, and unlisted 
combinations of drugs. This evaluation includes an acute oral toxicity trial in rats and a 
four-week oral toxicity trial in rats, taking into account behavior, growth, 
hematological, biochemical and histological (15 organs) parameters (1 group with the 
maximum dose that can be administered). The third category requires a complete 
dossier for unlisted plant medicinal products with non traditional use. 

No clinical evaluation or activity is required if the plant and the indications 
claimed are listed. 

For certain drugs, details concerning the dosage must be scrupulously 
followed, taking traditional use into account. For instance, in the case of herbal teas 
250 mL to 1 L of tea per day must not be exceeded. For aqueous pharmaceutical 
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forms, the daily dosage corresponds to that of the tea while for other preparations, the 
traditionally used dosage is taken into account. Furthermore, it is evident that the 
therapeutic activity may be influenced by other constituents in the preparation, distinct 
from the active ingredients. For example, tannins, flavonoids and saponins may 
enhance, prevent or prolong absorption. Consequently, every assessment of efficacy 
must be based on the individual herbal drug preparation, resulting in a complex 
situation. The above propositions have the advantages of simplifying the prescribing 
and the administration of herbal remedies. 

Regulations in Other European Countries (3) 

United Kingdom. No license is required when herbal medicines are used and 
prescribed by herbal practitioners who, in general, prepare their own medicines or 
obtain them from specialist suppliers. Furthermore, no license is required if no written 
recommendation is given to the consumer. 

The review process for licensed phytomedicines was completed in 1990 and an 
information sheet for license holders was published in October 1985 by the Medicines 
Control Agency (MCA). The labels must include statements like "an herbal remedy 
traditionally used for the symptomatic relief of..." and "if symptoms persist consult 
your doctor". 

In December 1995 a new guideline "A guide to what is a medicinal product" 
was published by the M C A It tries to give examples to clarify the borderline between 
medicinal products and, for instance, cosmetics or foodstuffs. 

Ireland. The Medical Preparations Regulations of 1984 provide a licensing system 
for all medicines. Products containing herbal ingredients are considered to be 
medicinal preparations under the regulations when the labeling or associated literature 
makes any preventative, curative or remedial claims, or if any of the herbal ingredients 
present are recognized as having medicinal properties. This list includes 100 herbs. 

A report of the Food Safety Advisory Committee, dated December 1993, 
mentions herbal extracts, herbal teas and essential oils, as being subject to 
authorization by the regulatory authority prior to marketing. A regulatory framework 
is necessary to ensure that no potentially toxic plants are marketed as herbal teas. If 
the herbs have medicinal benefits, they should be regarded as medicines and, therefore, 
regulated by the National Drugs Advisory Board. 

Norway. Herbal products are not classified as medicines unless they have been 
registered through the marketing authorization process with the Norwegian Medicines 
Control Authority. If herbal remedies are not granted a marketing authorization, they 
cannot make any medicinal claim. In January 1994 a guideline for the registration of 
natural remedies was published which describes the requirements for a bibliographic 
application for efficacy and safety. These guidelines describe medicinal products 
containing substances which are suitable for self-medication and have a documentation 
of traditional use in Europe or North America. Thirty-two references (monographs, 
textbooks) are provided. If the traditional use is not documented in one of the listed 
references, a full toxicological and clinical dossier must be submitted. 
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Denmark. The Executive Order on Natural Remedies issued by the Ministry of 
Health on 21 September 1992 provides conditions for the registration of natural 
remedies. Proof of quality, safety, and efficacy must be given. A bibliographic 
application for therapeutic use is accepted. 

Sweden. In 1994 the Medicinal Products Agency issued a guideline, "Information on 
application for authorization to market natural remedies". Under certain conditions, a 
simplified application procedure may be possible in accordance with Directive 
65/65/EEC which describes a bibliographic application. Scientific literature is 
sufficient for preparations with well-established use. If satisfactory proof for the 
safety is not provided, it should be established by means of clinical trials and/or 
pharmacological and toxicological studies. 

Finland. Administrative regulation 9/93 takes into account the provisions of 
directives 65/65 EEC. If the herbal medicine or its active ingredient has been used for 
a long time in Europe or in countries close to Europe with regard to their healthcare 
traditions, the safety and proposed indications for the product can be explained by 
information available in scientific literature. If this is not possible, an application for a 
marketing authorization with a full dossier is necessary. 

Belgium. The regulation of the Health Ministry, dated 10 February 1995, describes 
the requirements for herbal medicines. A list of indications for which the different 
groups of plants are traditionally used is available, and a simplified procedure can be 
used if reference is made to the plants listed in lists I-XIX. Combination products are 
not accepted if they contain more than three plants from one list or if the plants belong 
to different lists. 

Switzerland. Medicinal products are classified in several lists, depending on toxicity, 
indications, and active ingredients. For phytomedicines, lists C (sale limited to 
pharmacies) and D (pharmacies and drugstores) are of interest. Herbal products must 
be registered as medicines with documented quality, safety and efficacy. Their 
indications can be claimed on established traditional knowledge or on efficacy data. 
Since 1992, requirements have been set for phytomedicines. A leaflet is intended to 
guarantee the correct and safe use of the medicine and to give the relevant information 
to the consumer. If no clinical data on the therapeutic efficacy is available, it must be 
stated that the properties have traditionally been attributed to the plant. If efficacy has 
been clinically proven, the leaflet must mention that the product is effective under 
certain conditions. 

Italy. On 8 January 1981 a guideline was issued by the Italian Health Authority 
classifying herbal products as health food products or as medicines. Plants used for 
nutritional purposes, sold outside pharmacies, do not need an approval and are not 
allowed to claim therapeutic effects. Herbal products with therapeutic claims, 
particular pharmaceutical activity, or possibly, toxic effects are considered as 
medicines and are allowed to be sold only through pharmacies. Mixtures of herbs 
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(herbal teas or similar preparations) with brand name and/or therapeutic indications 
have to be registered as medicinal product. With respect to the pharmacological, 
toxicological and clinical documentation, a bibliographic application in accordance 
with the Directive 65/65/EEC is possible. 

Spain. A special registration for medicinal plants was established by the Ministerial 
Order of 3 October 1973. Products consisting exclusively of whole or powdered 
medicinal plants, or parts thereof, must be registered with pharmacological and 
analytical documents, including the proof of the indications, dosage, and the analytical 
methods. Preparations containing extracts, tinctures, distillates and other galenical 
preparations are regarded as medicines which have to fulfill all the requirements of the 
Spanish Drug Law. 

Portugal. Herbal products entered a specific Portuguese legislation in 1993 on health 
products, which comprises cosmetics, medicinal plants, dietetic products with 
therapeutic use, and homeopathics. Phytomedicines are subject to the same 
registration requirements as chemically based medicines. Specific rules on herbal 
medicines are not yet part of the Portuguese drug law. 

Greece. A new regulation was published 1 April 1994 by the Greek Ministry of 
Health, setting forth that herbal medicines are medicines which contain as active 
ingredients only plants or preparations thereof. It is not applicable for plant products 
used as foods. If indications are claimed, they are regarded as medicines and have to 
fulfill the requirements of the European regulation. The proof of efficacy depends on 
the indications claimed. In case of minor ailments, the traditional use has to be taken 
into account with lower requirements. If the traditional use cannot be shown, efficacy 
has to be proven and a toxicological expert report is necessary. A joint meeting of the 
Eastern Mediterranean regions was held in 1993 in order to examine problems about 
phytomedicines in this part of the world (4). 

Examples of Specific Problems for Phytomedicines 

The quality assessment of herbal remedies is a precondition before developing 
pharmacological and clinical studies (5). Thus a lot of conditions have to be respected. 
A standardized cultivation is necessary. As a matter of fact, the active ingredients vary 
qualitatively and quantitatively because the starting raw material is a living organism, 
subjected to a variety of parameters, including botanical, physiological, and ecological 
factors. Variables, such as the nature of soil, the type of plant (wild or cultivated), the 
use of fertilizers, the harvesting period, the hours of sunshine, etc., are of primary 
importance. 

It is also important to know the exact origin of the starting material, and a 
contract from the supplier must be included in the documentation. This allows the 
supplier to be located in a possible case of toxicity. This aspect is of particular 
importance for those countries, which until now, have not had full control of the 
collection of wild plant material. 
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Thus, standardization of cultivation involves at least genetically selected seeds, 
the location of cultures, clean ecological environment, and well-known harvesting 
conditions. Assessment of quality does not pose fundamental problems in practice 
because of the long scientific tradition in pharmacognosy. 

On the other hand, the active ingredients must be well-known. If the marker is 
well-known, classical chemical techniques can be used that are generally available in 
the literature. This applies, for instance, to alkaloids (Boldo, Fumaria, etc.), xanthine 
derivatives (caffeine, theophylline), anthracene derivatives (Cassia senna, Frangula 
etc.), phenolic constituents (Crataegus, Ginkgo, etc.), and essential oils (Labiaceae, 
Asteraceae). 

The most well-known techniques are based on HPLC or GC fingerprints and 
offer many advantages: precise identification of the drug, evaluation of composition 
according to the year and origin of the batch, evaluation of possible modification of 
the chemical composition, stability of the drug and its preparations, standardization of 
the amount of active ingredients, and evaluation of constituents responsible for 
possible side effects. 

Nevertheless, unknown active ingredients with therapeutic activity constitute 
the common case in phytotherapy. Therefore, one must choose and define adequate 
markers as well as appropriate identification and dosage techniques. In general, TLC, 
G L C and HPLC are the best ones. 

As an example of standardization, Ginkgo extracts require HPLC analysis of 
two major types of compounds: polyphenols (free phenolic acids, flavonol glycosides, 
and coumaric esters of flavonols) and terpenes (ginkgolides and bilobalide). It also 
requires a colorimetric analysis of the proanthocyanidins. Of course, all these 
techniques have to be validated. 

Analytical requirements are related to standardization and normalization. 
Standardization has to be established in each case, and the manufacturer is free to 
choose the markers with which to standardize the preparation. As far as possible, 
these markers have to be in correlation with the specifications of the extract. 
Normalization, however, is linked with precise amounts of known active ingredients 
and generally uses inert material such as lactose to define a constant dosage of active 
principles. Thus, normalization is meaningful only if the isolated constituent represents 
the active ingredient; for example, the amount of sennosides in Cassia senna or 
silymarin in Silybum marianum etc. 

Stability tests must be carried out on three batches of the same formulation 
under normal test conditions (25° C over 6 or 12 months) and under accelerated test 
conditions (40° C over a minimum of 6 months). Analytical test procedures involve 
the assay (methods and validation) and the determination of degradation products; 

The labeling and packaging should enable the public to be informed about the 
amount of the herb to use per dosage unit and how to prepare the tea. The amount of 
time the herb needs to be in the water is defined for each case. The type of extract and 
the content of constituents with therapeutic effects must be stated. Moreover, the 
package size should be suitable for a reasonable course of treatment, not exceeding 2 
or 3 weeks. 

In conclusion, a clear definition of the herbal drug preparation is necessary and 
comprehensive patient information is crucial, since herbal remedies are often used for 
self-medication. Therefore, propositions concerning rules for labeling and packaging 
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have been elaborated. For plant drugs, the exact botanical name, the specification of 
the state of the drug and the percentage of active ingredients must be stated. For 
extracts, information must be given on the name of the drug, the drug/extract ratio, 
the name of the solvent used, the percentage of active ingredients and whether other 
constituents have been added. In the case of purified dried extracts, it is best to declare 
classes of compounds, such as "anthocyanoside complex", "lipid-soluble fraction", or 
"total alkaloids". 

For fresh plants, comparative chromatograms (TLC, HPLC and GC profiles) 
between the fresh herb, the preparation obtained from it, and the corresponding dried 
herb must be furnished. When preparations are derived from plants used as foods, the 
pharmaceutical dossier must be complete, but the toxicological dossier is not required. 

Fixed combinations are a well-known part of phytotherapy, but to avoid a 
completely chaotic situation and a revival of preparations such as the ancient theriak, a 
list of drugs authorized in combinations is given. For example: cardiac erethism-
neurosedative; spasmodic colitisdiarrhoea; renal elimination-diet; aperitive-asthenia; 
cough-bronchitis; antalgy-articular ache. Nevertheless, further proposed combinations 
can be taken into consideration if the presented argumentation is coherent 

The Future of Phytomedicines 

An Increase in Phytovigilance. The temptation for search new exotic species and to 
introduce them on the market is very high. In fact, preparation of the dossier, 
especially regarding safety and clinical evidence, is more difficult. This is particularly 
true if the place of the plants in the botanical classification is more original (species 
belonging to unknown botanical families); if the application of the drug is more 
unusual (uncommon pharmaceutical forms), and if the biosynthesis leads to original 
secondary metabolites the pharmacotoxicology of which is unknown. 

Furthermore, preparation of more and more potent extracts containing higher 
levels of active ingredients is a common goal for all manufacturers. Such is the case 
for Valeriana, Ginseng preparations etc. The search for more active medicines leads to 
the occurrence of side effects that are observed in clinical trials. In France, such 
observations have recently been described. 

Outstanding toxicological data on plant drugs have been published (6> 7). 
Seven cases of acute cytotoxic hepatitis were found in 1991 after the use of 
phytomedicines containing Teucrium chamaedrys. Since 1984, 26 cases of hepatitis 
have occurred after using this plant. Commercial preparations containing T. 
chamaedrys have been removed from the market, and prescription preparations has 
been forbidden. This plant now undergoes a particular legislation. 

Other cases have been observed in Belgium with a preparation of Chinese 
herbs, Magnolia officinalis and Stephania tetrandra contaminated by the toxic herb, 
Aristolochia fung chi. Other accidental plant mixtures are unfortunately mentioned 
every year. 

Some plants used in Europe (Symphytum sp., Senecio sp., Petasites sp., 
Eupatorium sp., Tussilago sp. etc.) contain alkaloids characterized by a pyrrolizidine 
nucleus. The presence of a double bond in position 1-2 and of an ester in position 9 
confers a particular hepatotoxicity to these alkaloids. Their toxicity increases with the 
degree of esterification, with a macrocyclic diester being more toxic than a monoester. 
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Furthermore, the longer the acid chain is, the more toxic the molecule will be. These 
alkaloids are responsible for cellular liver necrosis, veno-occlusive diseases, fetal 
toxicity, etc. Their metabolites are alkylating agents for biological targets, which 
explains their genotoxicity. In fact, even with sensitive analytical techniques such as 
TLC, HPLC or CPG, it is very difficult to demonstrate the absence of this type of 
alkaloids in preparations such as tinctures. It is advisable to eradicate the use of such 
drugs, especially since the benefit/risk ratio is not very high. 

Numerous other examples are also available in the literature. For instance, 
sesquiterpene lactones present in Asteraceae, Apiaceae, Amaranthaceae, 
Aristolochiaceae, Frullaniaceae, Lauraceae, Magnoliaceae, Menispermaceae and 
Polygonaceae can give rise to allergies. Polyines (Apiaceae, Araliaceae, Asteraceae, 
Euphorbiaceae, Fabaceae, Rutaceae, Solanaceae), B-carboline derivatives 
(Cyperaceae, Fabaceae, Polygonaceae, Rubiaceae), furochromones (Rutaceae), 
furocoumarines (Apiaceae, Asteraceae, Fabaceae, Moraceae, Orchidaceae, Rutaceae, 
Solanaceae), and lignanes (Apiaceae, Amaryllidaceae, Asteraceae, Polygonaceae, 
Rutaceae, Solanaceae, Zygophyllaceae) can be phototoxic. A risk of cancer is not 
excluded with aristolochic acid, ptaquiloside, safrole, 6-asarone, etc. Safrole, 
estragole and essential oils such as Artemisia dracunculus, etc. can be genotoxic after 
metabolic activation. 

At the European level, lists of herbal drugs that pose more severe risks without 
proven benefit have been published (7). These include herbal drugs with serious risks 
and without any accepted benefit, drugs with toxic principles where a more detailed 
discussion concerning the benefit/risk ratio is necessary, preparations for external use, 
and herbal drugs with cardiac glycosides, alkaloids etc. 

New Sophisticated Manufacturing Processes. Supercritical fluid extraction is a 
method of major interest nowadays, with numerous advantages in the manufacturing 
process. Thus, we can eliminate undesired lipophilic compounds such as pesticides. If 
this new manufacturing process is applied to obtain new types of extracts, such 
extracts are very different from those of traditionally used products. Hence, they 
constitute a new type of future generation plant extracts. For the moment, because the 
specific extracts represent a part of the whole plant with no traditional use, they must 
be considered as new products, requiring toxicological and clinical documentation. 

Some Examples of Leading Commercial Extracts. Among the large variety of 
drugs sold on the European market, some of the leader examples will be discussed. 

Ginkgo biloba is the main extract presently on the market. It is very specific in 
terms of preparation and composition and requires about ten different industrial steps 
to prepare the form used to treat vascular diseases. This type of extract has given rise 
to many pharmaco-toxicological and clinical trials and to numerous scientific papers in 
the world. It seems that the indications claimed are well-established, and clinical 
evidence has begun to be demonstrated on the basis of serious criteria. 

Indeed, a great diversity of phytopharmaceutical preparations containing 
Ginkgo leaf extracts have recently flooded the market. Almost all of them claim the 
same therapeutic properties without having the same chemical profile, because the 
nature of the extraction is quite different, resulting in extracts with other 
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specifications. This is the reason why in France we cannot accept the transposition of 
the therapeutic evidence to any given extract, especially since the initial extract is very 
well standardized. Therefore, a French generic extract is impossible. 

Ginseng is a plant consumed worldwide with a long tradition of use. The 
various methods of preparation give rise to a large quantity of different forms. It is 
very difficult to fix a very strict chemical profile in relation to the therapeutic 
properties, considering the fact that some ginsenosides have stimulating activities, 
while others have a depressive effect. This drug has been included in the positive list, 
including a limit for the daily dosage. 

Hypericum is a well-known plant used in Germany as antidepressant. In 
France, the problem was recently discussed. It was concluded that depression has to 
be considered as a major pathology and without new clinical proofs versus placebo 
and versus well-known reference chemical drugs, this type of indication cannot be 
allowed in France. 

Echinacea also constitutes an important drug on the market and is used as an 
immunostimulant. The main problem is that the use of this plant is quite recent (about 
50 years), and the traditional use by the Indian population of the US is not very 
credible. Moreover, the situation is complicated by the fact that the roots or aerial 
parts of about three different species are distinctly used. The chemical composition is 
well-known and very complicated (polysaccharides, alkylamides, polyphenols, etc.) on 
a qualitative and quantitative level. Many pharmacological tests have been set up, but 
clinical tests have not been established with strong protocols and the present results 
are questionable. This plant has not been included in the French list 

In conclusion, the list of the plants proposed by the French Ministry of Health 
is not definitive. New proposals may be formulated by the applicant, provided that the 
application is supported by a scientific dossier with up-to-date references, proof of 
safe use is furnished, and evidence of long term use is shown. In addition, closely 
related varieties, subspecies, and species may be proposed but the more they differ 
from those on the list or from the chemotypes usually employed, the more evidence 
the applicant must provide to support the new product. Moreover, the more the 
preparation differs from the usual form of administration (most often an herbal tea), 
the higher will be the level of evidence for safety. However, extracts obtained with 
solvents of different polarities may be recombined in order to reconstitute the initial 
balance of constituents in the drug. 

The Role of Some Official Institutions 

WHO. The notion of herbal remedies has a very broad international basis and a 
definition was established during the sixth international conference of drug regulatory 
authorities in Ottawa (Oct. 1991) (8). Its objectives were to promote collaboration 
between national drug regulatory authorities, to forge a consensus on matters of 
mutual interest, to facilitate timely and adequate exchange of technical information 
and to discuss contemporary issues of international relevance. 

WHO defined herbal remedies in terms close to the European definition: 
"Finished, labeled medicinal products that contain as active ingredients aerial or 
underground parts of plants, or other plant material, or combinations thereof, 
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whether in the crude state or as plant preparations. Plant material includes juices, 
gums, fatty oils, essential oils, and any other substances of this nature. Herbal 
medicines may contain excipients in addition to the active ingredients. Medicines 
containing plant material combined with chemically defined active substances, 
including chemically defined, isolated constituents of plants, are not considered to be 
herbal medicines". 

A quite different but non-negligible role is played by this international 
organization concerning the assessment of herbal medicines. The aim of a guideline 
published in 1991 is the following: to assist national regulatory authorities, scientific 
organizations, and manufacturers to undertake an assessment of the 
documentation/submission/dossiers in respect of such products. 

The content of this guideline gives information on pharmaceutical assessment 
(GMP), crude plant material, plant preparations, finished product, stability, safety 
assessment, toxicological studies, documentation of safety based on experience, 
assessment of efficacy and intended us and product information for the consumer and 
promotion. 

A recent traditional medicine program has been discussed in order to publish 
new data sheets about the most commonly used medicinal plants in the world. But the 
objectives of this work are quite different, giving complete information on worldwide 
distributed plants which can be used by local populations under well-known conditions 
(pharmaceutical form, dosage...) instead of expensive synthetic drugs. 

ESCOP (European Scientific Cooperative on Phytotherapy). In order to provide 
scientifically based assistance for a harmonious assessment of phytomedicines, ESCOP 
was founded in 1989. Having defined phytomedicines as "medicinal products 
containing as active ingredients only plants, parts of plants or plant material or 
combinations thereof whether in the crude or processed state", ESCOP may play a 
key role for a European concurrence. The general purpose of ESCOP is to develop a 
coordinated scientific framework, to promote the acceptance of phytomedicines, to 
support and initiate clinical and experimental research, and to improve international 
accumulation of scientific and practical knowledge. Its main objective is to establish 
criteria that will contribute to the acceptance of phytotherapy on a European level. 

Since November 1992, the ESCOP scientific committee has prepared original 
European monographs in the form of SPCs (Summary of Product Characteristics). 
The first six monographs, with a very precise technical content, have been submitted 
to the Committee for Proprietary Medicinal Products (CPMP). At the same time, an 
important work is being carried out concerning a priority list of some 50 plants in 
order to obtain the possibility of mutual recognition. The purpose of an SPC is to 
gather the best scientific information and to represent the fruit of cooperation between 
scientists of different disciplines and different countries. An SPC includes information 
on therapeutic indications, dosage, and pharmacological properties. Other paragraphs 
give many details on pharmacodynamics, pharmacokinetic properties, and preclinical 
safety data, each statement being supported by scientific references. For example, 
SPCs have been elaborated on Sennae folium, Sennae acutifoliae fructus, Sennae 
angustifoliae fructus, Frangulae cortex, Matricariae flos, Valerianae radix, etc. 

Further cooperation among phytotherapy associations is being developed, and 
about 2500 persons are estimated to be involved in this organization. In the field of 
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efficacy and safety, a trend will appear in the future, that will require more clinical data 
for phytomedicines. Therefore, the EU-Biomed Research Program (European 
Comrnission Biomedical and Health) has been set up to support ESCOP's work. It will 
provide research expertise on the determination of European standards for safe 
pharmacovigilance studies and the effective use of phytomedicines. 

European Pharmacopoeia. This pharmacopoeia was created in 1963 and now 
represents 25 European countries. It consists of 16 groups of experts and has 
published more than 700 monographs. 

One of the main purposes of the pharmacopoeia is to define assurance of the 
quality of the raw material This is accomplished by describing control security, batch 
consistency, and batch safety. It employs analytical methods that are provided in the 
pharmacopoeial monograph, which consists of the following sections: the "definition" 
gives the content of active ingredients of the drug; the section "characters" comprises 
information that should not be regarded as constituting analytical requirements; the 
chapter "identification" includes all the mandatory tests performed to establish the 
identity of the drug; and the "assay" includes spectroscopic methods that may be used 
if a set of similar molecules of the same chemical class are thought to be responsible 
for the biological activity. GC or HPLC methods are used to quantitate precise active 
constituents. Information must also be given about the storage of raw material. 

Before preparing new monographs, the most important questions are related to 
acceptance of new species, the choice of reference substances for TLC (the natural 
substances present in the drug generally are expensive) and the HPLC and GC 
fingerprints. The greatest difficulty lies in defining acceptable ranges and, sometimes, 
upper content limits of active constituents or negative markers when their toxicity is 
known. 

Some Comments on the Assessment of Phytotherapy at a European Level 

Different points of view have been discussed with respect to official aspects (9-10) and 
industrial concerns (11-13). A consensus was established in 1988, as described in 
"Quality of herbal remedies" (1). In 1994, the CPMP adopted final core-SPCs for four 
laxatives, but since then, no concrete progress has been apparent. However, the 
situation has made some progress: new procedures for E U marketing authorizations 
have been elaborated, and there is a new agency to coordinate activities. Nevertheless, 
some European countries have discovered that herbal medicinal products are on their 
markets and that the problem linked with the anarchy has been underestimated. But 
presently, it seems that a European harmonization of herbal remedies is not a first 
priority. In addition, divergent national points of view and traditions exist in different 
European member states, such as concerning the labeling, "traditionally used" 
products. On the other hand, for some persons, the label "traditional" could be seen as 
discrediting, especially as this term is not used in chemically defined substances with 
comparable conditions. It seems that this label is not acceptable on the basis of EC 
directives and might be used only for products limited to national markets such as the 
recent proposal of a committee on phytomedicines in London in 1995. A proposal for 
the assessment of phytomedicines clarifies the position of phytomedicines under the 
scope of 65/65/EEC 
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On a national level, phytomedicines are purely based upon national experience 
or tradition. The marketing authorization is subject to following requirements: quality, 
proofs of safety and efficacy set by national authorities, positive plant list, and positive 
indication list. A statement concerning the "traditional use" must be provided. 

On a national and/or European level, phytochemicals are recognized by 
scientific standards. The quality must be proven and the requirements on safety and 
efficacy are covered by specific bibliographical references or monographs/SPCs or 
clinical trials according to an appropriate model Concerning the area of use, the 
application should be supported by a monograph/SPC and/or indication and by clinical 
trials. Other main problems lie in the interpretation of terms like "well-established use" 
and "acceptable safety" and the apparent lack of guidance in this way. 

A European solution has to be found because the exclusion of herbal remedies 
would lead to the paradoxical situation that homeopathic remedies would be accepted 
while herbal remedies would be excluded! Such an approach would be neither 
reasonable nor acceptable. 

Some meetings from European experts are planned before the end of 1997 to 
discuss the different approaches in terms of national regulations and to find new 
coherent points of view in order to elaborate a European common legislation. 

Conclusion 

The potential of nature is very vast, because of its incomparable diversity and the 
numerous ethnopharmacological data currently available. A fantastic hope for the 
future may be concretely developed in two directions: (1) in terms of research, the 
constant discovery of new leader compounds gives rise to the industrial production of 
highly sophisticated molecules against severe pathologies; and (2) in terms of public 
health, the development of our environmental resources for producing new products 
such as herbal remedies. In each case, scientists and specialists of different disciplines 
need to develop a very close collaboration, because natural products are characterized 
by very specific and complex problems. A platform is needed to discuss these 
problems, to exchange experiences with the assessment of herbal drugs, and to create 
a special group facilitating mutual recognition. 

We cannot accept the popular saying, "Al l that is natural is safe". The 
development of new drugs precisely requires quality, safety, and efficacy limits. Their 
harmonization should be a priority for the future, in order to set up a European free 
common market 
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Chapter 3 

The German Commission E Monograph System 
for Phytomedicines: A Model for Regulatory Reform 

in the United States 

Mark Blumenthal 

American Botanical Council, P.O. Box 201660, Austin, TX 78720 

No longer relegated solely to the shelves of health food stores, herbs 
have become mainstream products and constitute the fastest growing 
category in drugstores. This requires an appropriate regulatory 
mechanism to review and evaluate the quality, safety, and efficacy of 
these natural products. The German Commission E stands out as the 
most rational in the world. In Germany herbs are routinely prescribed 
by physicians and sold in pharmacies. The Commission E system 
consists of a panel of experts convened under the auspices of the 
former Federal Health Agency which reviewed bibliographic 
information on approximately 300 herbs sold in Germany, including 
historical and traditional use, chemical studies, pharmacological and 
toxicological research, clinical studies, epidemiological data, and 
patient case files. Safety was assessed on a doctrine of absolute 
certainty, but efficacy was based on a more relaxed standard—a 
doctrine of reasonable certainty. The monographs, published in the 
German Federal Gazette, offer therapeutic guidelines including 
approved uses, contraindications, side effects, interactions with other 
drugs, dosage information, and related data. The American Botanical 
Council has translated and published all Commission E monographs 
into English to provide health professionals and the general public with 
accurate, authoritative assessments of herbal products. 

One of the biggest questions facing the herb industry, consumers, Congress, and 
regulators is what kind of rules are appropriate for the regulation of herbal products. 
Specifically, the biggest question lies with the issue of how to transmit the health and 
therapeutic properties of herbs to health consumers. 

The recent debate and eventual passage of the Dietary Supplement Health and 
Education Act of 1994 (DSHEA) was marked by intense debate surrounding the issue 
of health claims and how such health benefits of dietary supplements would be 

30 ©1998 American Chemical Society 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

00
3

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



31 

approved by the Food and Drug Administration (FDA). The Agency was concerned 
about the prospect that manufacturers wanted too lenient a standard for making health 
claims (long-term, dietary associated preventive claims as contrasted to therapeutic or 
drug claims which are more short-term and deal more with transient symptoms). 

On the other hand, industry and many consumer groups were concerned about 
the possible overzealous regulation of dietary supplements by FDA and the agency's 
attempt to classify as drugs any high potency supplements that it deemed intended for 
therapeutic uses, as evidenced by proposed rules FDA issued in June 1994. As a result 
of DSHEA, American health consumers now have assurance that many of the 
supplements they ingest in the belief that these products convey a health benefit will be 
protected from over-regulation by the FDA. The new law allows manufacturers to 
provide safety information and warnings that formerly were restricted to drug labeling. 
DSHEA also allows manufacturers to make limited "structure and function" claims as 
to how an herbal product affects the structure or function of the body so long as the 
claim is not therapeutic in nature and does not imply the treatment or cure of a 
pathology. 

Despite the gains claimed by the dietary supplement consumers and industry in 
the passage of the DSHEA, the new law does not deal with the widespread use of 
herbs and phytomedicines for their therapeutic benefits. A new regulatory framework 
is still needed to create an appropriate set of criteria and procedures for the approval 
of herbs as therapeutic agents or drugs. 

Unfortunately, the current system for the assessment of ingredients for use in 
nonprescription or OTC (over-the-counter) drugs is appropriate for only a few 
phytomedicines. In 1992, a group of European and American phytomedicine 
manufacturers and marketers (the European-American Phytomedicines Coalition, 
EAPC) filed a petition with the FDA that requested that Agency to classify as old 
drugs herbal medicines or phytomedicines marketed in Europe for a "material time" 
and for a "material extent." These would then fall under the FDA OTC Drug Review, 
rather than being classed as new drugs requiring the expensive and time-consuming 
New Drug Application (NDA) process established for most conventional drugs (1). 
On October 3, 1996, FDA published an Advanced Notice of Proposed Rulemaking 
which indicated that the Agency might be more willing to accept foreign market data 
in consideration of proposed OTC drug status for an ingredient; however, a number of 
conditions were suggested that may limit the likelihood that leading European 
phytomedicines might be reviewed (2). The proposed regulations are being reviewed 
by FDA in light of public comments made to the Agency (2). 

The American Botanical Council, a nonprofit research and education 
organization, has instituted a review of six major industrialized nations and how they 
approach the challenge of regulating herbs and phytomedicines as nonprescription 
medicines. In this review (called the Traditional Medicine Research Project), one 
particular model stands out, the German Commission E. This Commission is an 
independent division of the former Federal Health Agency, now the German Federal 
Institute for Drugs and Medical Devices (analogous to the FDA), that actively 
collected information on herbal medicines and evaluated them in relation to their safety 
and efficacy. These evaluations were published in the form of brief monographs in the 
German Federal Gazette (analogous to the Federal Register) and were intended as 
package inserts for herbal drugs sold in pharmacies. 
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The method of approval is quite interesting. Commission E reviewed 
information about each herb's history of use and chemistry, pharmacological, and 
experimental studies on animals, human clinical studies if available, epidemiological 
studies, and even subjective evaluations by patients and physicians from clinical 
experience. Emphasis was placed on safety when efficacy judgments were made. 
According to Varro E. Tyler, Distinguished Professor Emeritus of Pharmacognosy at 
Purdue University and long the senior author of the textbook Pharmacognosy, has 
noted, "Commission E evaluates efficacy based on a doctrine of reasonable certainty," 
as contrasted with our FDA's insistence on a "doctrine of absolute proof based on 
information that is passively submitted to FDA from drug manufacturers (3). 

The Commission E was established in 1978 and has since published over 400 
monographs (including revisions) covering over 300 herbs and herb combinations sold 
in Germany. The Commission includes people with expertise in various aspects of 
medicinal plant research and use: physicians, pharmacists, pharmacologists, and 
toxicologists, as well as representatives of the pharmaceutical industry and lay persons. 
Of these monographs, about 200 are positive; that is, they approve the use of an herb 
for particular use or uses. About 100 are negative assessments, usually based on either 
lack of sufficient data to approve actions and/or significant toxicity concerns. 

Herbs and medicinal plant products have always been popular and widely 
respected in Germany. In his introduction to the American Botanical Council's 
forthcoming English translations of these monographs, Tyler writes (3): 

The therapeutic use of herbs and phytomedicines has always been very popular 
in Germany. About 600-700 different plant drugs are currently sold there, 
singly and in combination, in Apotheken (pharmacies), Drogerien (drugstores), 
Reformhaluser (health food stores), and M&rkte (markets). In addition to the 
self-selection of herbal products by consumers, about 70% of the physicians in 
general practice prescribe the thousands of registered herbal remedies, and a 
significant portion of the $1.7 billion annual sales (a conservative estimate) is 
paid for by government health insurance. In 1988, 5.4 million prescriptions 
were written for a single phytomedicine, Ginkgo biloba extract, a figure that 
does not include the substantial over-the-counter sales of the product. 

In view of this significant role which phytomedicines play in Germany, it 
is only natural that the government there would develop a mechanism to assure 
users of their safety and efficacy. The process is unique. For various reasons, 
even other advanced nations have not yet chosen to emulate it. But it is worthy 
of imitation, and it is probably only a matter of time before consumers in other 
countries are able to benefit from the German experience. 

A review of the first 285 monographs revealed that most have a positive assessment, 
while 66% mention various risks, and 58 have no plausible evidence of efficacy 
resulting in a negative assessment. The monographs list known contraindications for 
the various herbs. Some of the more frequently mentioned contraindications include 
allergy to active constituent (63 monographs), restricted use during pregnancy and/or 
lactation (24 monographs), gallstones (15 monographs) and inflammatory kidney 
disease (7 monographs). Thirty-five monographs limit the period of use to reduce side 
effects. Types of side effects include gastrointestinal disorders (35 monographs), 
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allergic reactions - mostly skin reactions with some more severe generalized reactions 
(30 monographs), photosensitivity (5 monographs). In addition, 7 monographs 
mention that the herb may influence the absorption of other drugs taken 
simultaneously (4, 5). 

The American Botanical Council has undertaken the translation and publication 
in English of the German Commission E Monographs. Al l monographs published in 
Germany through 1994 have been translated and will be published in the fall of 1997. 
Multiple cross references and indices are being created to increase the usefulness and 
ease of use of the monographs (6). 

Prof. Tyler has some glowing words for the Commission E Monographs: 
"They represent the most accurate information available in the entire world on the 
safety and efficacy of herbs and phytomedicines. As such, they are worthy of careful 
study by anyone interested in any type of drug therapy. Ignorance of the Commission 
E monographs is ignorance of a substantial segment of modern medicine" (3). 

Approved Uses and Dosage 

The following are examples of the approved uses for some of the leading 
phytomedicines sold in the U.S. according to the Commission E Monographs, with 
the suggested doses. Regarding doses, all begin with the phrase "Unless otherwise 
prescribed" and then the specific general dose recommendation is given. Also, the 
phrase "Equivalent preparations" is usually added in reference to the practice of 
prescribing and using preparations which are generally equivalent in active 
constituents to the drug form and dosage prescribed, e.g., the use of a water infusion 
or tincture which is equivalent to a stated dose of dried herb (drug). Other sections of 
the monographs (e.g., Contraindications, Side Effects, Mode of Administration, 
Duration of Application, Actions) are not included here. For a full text of each 
monograph, see Blumenthal et al. 1997 (6). 

Asian Ginseng root (Panax ginseng) 
• Tonic for invigoration and fortification in times of fatigue and debilitation or 
declining capacity for work and concentration. 
• Convalescence. 
Daily dosage: 1-2 g of root; equivalent preparations. 

Chaste Tree fruits (Vitex agnus-castus) 
• Irregularities of the menstrual cycle. 
• Premenstrual complaints. 
• Mastodyma. 

Note: In case of feeling of tension and swelling of the breasts and at 
disturbances of menstruation, a physician should be consulted for diagnosis. 
Daily dosage: aqueous-alcoholic extracts corresponding to 30-40 mg of the drug. 

German Chamomile flower (Matricaria recutita) 
• Externally: Skin and mucous membrane inflammations, as well as bacterial skin 
diseases, including those of the oral cavity and gums. Inflammations and irritations of 
the respiratory tract (inhalations). Ano-genital inflammation (baths and irrigation). 
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• Internally: Gastrointestinal spasms and inflammatory diseases of the gastrointestinal 
tract. 
Daily dosage: Boiling water (ca. 150 ml) is poured over a heaping tablespoon of 
chamomile (ca. 3 g), covered, and after 5-10 minutes passed through a tea strainer. 
Unless otherwise prescribed, for gastrointestinal complaints a cup of the freshly 
prepared tea is drunk three to four times a day between meals. For inflammation of the 
mucous membranes of the mouth and throat, the freshly prepared tea is used as a wash 
or gargle. 
External: for poultices and rinses, 3-10% infusions; as a bath additive, 50 g to 10 
liters (approx. 2.5 gal.) water; semi-solid formulations with preparations 
corresponding to 3-10% herb. 

Echinacea purpurea herb (Echinacea purpurea) 
• Internally: Supportive therapy for colds and chronic infections of the respiratory 
tract and lower urinary tract 
• Externally: For use on poorly healing wounds and chronic ulcerations. 
Internal daily dosage: 6-9 ml expressed juice. (This refers to fresh juice of above-
ground parts.) [Dosage is also offered for injectible preparations.] 
External dosage: Semi-solid preparations containing at least 15% pressed juice. 

Echinacea pallida root (Echinacea pallida) 
• Supportive therapy for influenza-like infections. 
Daily dosage: Tincture (1:5) with 50% (v/v) ethanol from native dry extract (50% 
ethanol, 7-11:1), corresponding to 900 mg herb. 

Eleuthero (Siberian) Ginseng rhizome (Eleutherococcus senticosus) 
• Tonic for invigoration and fortification in times of fatigue and debilitation or 
declining capacity for work and concentration. 
• Convalescence. 
Daily dosage: 2-3 g of root. 

Garlic (Allium sativum) 
• Supports dietary measures to reduce serum cholesterol levels. 
• Preventative measure for age-related vascular changes. 
Daily dosage: 4 g fresh garlic; equivalent preparations. 

Ginger root (Zingiber officinale) 
• Indigestion. 
• Prevention of motion sickness. 
Daily dosage: 2-4 g rhizome; equivalent preparations. 

Ginkgo biloba leaf extract (Ginkgo biloba) 
[This preparation is a concentrated dry extract (35-67:1, average 50:1) extracted with 
acetone and water. The preparation is standardized at 22 to 27% flavone glycosides 
and 5-7% terpene lactones, of which approximately 2.8-3.4% consists of ginkgolides 
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A , B , and C, as well as approximately 2.6-3.2% bilobalide. Ginkgolic acid should be 
less than 5 ppm. The given ranges include manufacturing and analytical variances.] 
Uses: 
• (a) For symptomatic treatment of disturbed performance in organic brain syndrome 
within the regimen of a therapeutic concept in cases of demential syndromes with the 
following principal symptoms: memory deficits, disturbances in concentration, 
depressive emotional condition, dizziness, tinnitus, and headache. The primary target 
groups are dementia syndromes, including primary degenerative dementia, vascular 
dementia, and mixed forms of both. 

Note: Prior to starting treatment with ginkgo extract, clarification should be 
obtained as to whether the pathological symptoms encountered are not based on an 
underlying disease requiring a specific treatment 
• (b) Improvement of pain-free walking distance in peripheral arterial occlusive disease 
in Stage II of Fontaine (claudicatio intermittens) in a regimen of physical therapeutic 
measures, in particular walking exercise. 
•(c) Vertigo and tinnitus of vascular and involutional origin. 
Daily dosages: 
Indication (a): 120-240 mg extract in 2 or 3 doses. 
Indications (b) and (c): 160 mg extract in 2 or 3 doses. 

Hawthorn leaf with flower (Crataegus monogyna; C. laevigata) 
• Decreasing cardiac output as described in functional level II by the N Y H A (New 
York Heart Association). 
Daily dosage: 160-900 native, water, ethanol extract (ethanol 45% v/v or methanol 
70% v/v, drug-extract ratio = 4-7:1, with defined flavonoid or procyanidin content), 
corresponding to 30-168.7 mg procyanidins, calculated as epicatechin, or 3.5-19.8 
mg flavonoids, calculated as hyperoside in accordance with DAB 10 (German 
Pharmacopoeia 10th ed.). 

Horse Chestnut seed (Aesculus hippocastanum) 
(This drug is defined as a dry extract adjusted to 16-20% triterpene glycosides, 
calculated as anhydrous aescin.) 
• Treatment of complaints found in pathological conditions of the veins of the legs 
(chronic venous insufficiency), for example pain and a sensation of heaviness in the 
legs, nocturnal systremma (cramps in the calves), pruritis, and swelling of the legs. 

Note: Other non-invasive treatment measures prescribed by a physician, such 
as leg compresses, wearing of supportive elastic stockings, or cold water applications, 
must be observed under all circumstances. 
Daily dosage: 100 mg aescin (escin) corresponding to 250-312.5 mg extract two 
times per day in delayed release form. 

Kava Kava root (Piper methysticum) 
• Conditions of nervous anxiety, stress, and restlessness. 
Daily dosage: Herb and preparations equivalent to 60-120 mg kava pyrones. 

Milk Thistle fruit (Silybum marianum) 
• Crude drug (dried seeds): indigestion. 
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• Standardized extract: toxic liver damage and supportive treatment of chronic 
inflammatory diseases of the liver and liver cirrhosis. 
Daily dosage of crude drug: 12-15 g ; of standardized preparation: 200-400 mg of 
silymarin, calculated as silibinin. 

Saw Palmetto fruit (Serenoa repens) 
• Urination problems in benign prostate hyperplasia stages I and 2. 
Daily dosage: 1-2 g sabal berry or 320 mg lipophilic ingredients extracted with 
lipophilic solvents (hexane or ethanol 90% v/v). 

St John's wort herb (Hypericum perforatum) 
• Internally: For psychovegetative disorders, depression, anxiety and/or nervous 
restlessness. Oily hypericum preparations for indigestion. 
• Externally: Oily hypericum preparations for treatment in post-therapy of acute and 
contused injuries, myalgia and first degree bums. 
Daily dosage for internal use: 2-4 g of drug or 0.2-1.0 mg of total hypericin in other 
forms of drug application. 

Valerian root (Valeriana officinalis) 
• Restlessness, sleeping disorders based on nervous conditions. 
Dosage: 
Infusions (teas): 2-3 g drug per cup, once to several times per day. 
Tincture: Vt-\ teaspoon (2-5 ml), once to several times per day. 
Extracts: Amount equivalent to 2-3 g of drug, once to several times per day. 
External use: 100 g for one full bath; equivalent preparations. 

Literature Cited 

1. Pinco, R.G. and L.D. Israelsen. European-American Phytomedicines Coalition Citizen 
Petition to Amend FDA's OTC Drug Review Policy Regarding Foreign Ingredients. July 
24, 1992. 

2. Food and Drug Administration. Eligibility Criteria for Considering Additional Conditions in 
the Over-the-Counter Drug Monograph System Request for Information and Comments. 
Federal Register Vol. 61 (193): 51625-31. Oct. 3, 1996. 

3. Tyler, V.E. In German Commission E Monographs: Therapeutic Monographs on 
Medicinal Plants for Human Use; Blumenthal, M.,; Gruenwald, J.; Hall, T.; Riggins, 
C.W.; Rister, R.S. (eds.); Klein, S.; Rister, R.S. (transl.).; American Botanical Council: 
Austin, TX, 1997. 

4. Bergner, P. HerbalGram 1994, 30: 17 & 64. 
5. Keller, K. Zeitschrift Phytotherapie 1992, 13; 116-120 (English). 
6. Blumenthal, M.; Gruenwald, J.; Hall, T.; Riggins, C.W.; Rister, R.S. (eds.); Klein, S.; 

RS. Rister (transl.). German Commission E Monographs: Therapeutic Monographs on 
Medicinal Plants for Human Use. American Botanical Council: Austin, TX, 1997. 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

00
3

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



Chapter 4 

Botanicals: A Current Regulatory Perspective 
for the United States 

Loren D. Israelsen 

Utah Natural Products Alliance, 2046 E. Murray-Holladay Road, Suite 204, 
Salt Lake City, UT 84117 

Herbs enjoy a unique regulatory status because of the Dietary 
Supplement Health and Education Act of 1994 (DSHEA). Scientific 
literature may now be used in connection with the sale of herbs to 
consumers. A new class of claims called Statements of Nutritional 
Support are being used to promote the physiological effects and 
benefits of herbs. This has resulted in an extraordinary growth of herb 
sales in the U. S. Important issues are now being debated concerning 
the establishment of pharmacopeial standards for herbs, the OTC 
status of herbs such as valerian and ginger, the major changes in new 
drug review standards for botanicals, and the protection of proprietary 
research on standardized plant extracts. This chapter will present an 
overview of these issues, with detailed analysis of current law and 
emerging policies. 

Botanicals have always been a challenge to regulators. The very scope of these products 
and their wide and varied uses make legal definitions and regulatory policy difficult. For 
many reasons, the FDA has either ignored or attacked botanicals for over 50 years. 
Following World War n, the rise of synthetic drugs, patent protection and great success 
in conquering feared diseases were key factors that molded FDA's structure, priorities 
and expertise. The Center for Drug Evaluation and Research (CDER) employs 1475 
persons (1), many of whom hold Ph.D.'s or M.D.'s, while only a handful have academic 
or research experience in pharmacognosy or related disciplines. Botanicals, once the core 
of businesses such as Parke Davis, Merck, Upjohn and Lilly, became reception room 
artifacts and the trade of ephemera collectors. Between 1900 and 1960, the vast majority 
of botanicals lost their USP status. Without industrial support and patent protection, 
research funds disappeared. Unable to meet stricter new drug approval requirements, 
botanicals were relegated to haphazard review under the 1972 OTC drug review system. 
Today, only a handful of botanicals of commercial importance are recognized as OTC 
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active ingredients such as capsaicin (Category I), senna, cascara sagrada (Category HI) 
and slippery elm bark (a crude drug). 

On the food side, the 1958 Generally Recognized as Safe (GRAS) list 
recognized a number of botanicals as Generally Recognized As Safe. However, this 
recognition extended largely to the flavoring uses of botanicals for alcoholic beverages. 
Where would gin be without juniper berries? Later in 1974, the agency published a 
compliance policy guideline which purported to classify selected herbs as safe, unsafe, or 
of undetermined safety. This was done in response to a field inquiry following a 
complaint about the use of herbs by the White Woman's Magic Society of Houston, 
Texas. This document listed 27 herbs as unsafe, and between 1974 and 1986 this was the 
principal basis for enforcement action against herbs by FDA. The industry in turn widely 
criticized this document as lacking scientific legitimacy or factual accuracy. 

Passage of the Nutrition Labeling Education Act (NLEA) in 1990 brought 
renewed hope that botanicals would enjoy an improved status, particularly with respect 
to the new health claim provisions which, for the first time, allowed disease/nutrient 
relationship claims. FDA's subsequent rule-making proposed to treat botanicals as non-
nutrients barring any chance of health-claim approvals. FDA rejected extensive industry 
comments objecting to this proposal. This was the last straw. With no other options 
available, the Utah botanical industry which represents nearly $1 billion in annual sales, 
joined forces and laid out a set of legislative principles they believed were necessary to 
resolve these regulatory attacks. In June of 1992, Senator Orrin Hatch introduced the 
Health Freedom Act, modeled after the Utah template. This legislation passed in 1994 
as the Dietary Supplement Health and Education Act (DSHEA). It became the largest 
constituent issue before the U.S. Congress since the Vietnam War. Now widely regarded 
as the model for consumer-driven campaigns, the dietary supplement industry 
accomplished the nearly impossible. So stunning was this victory, that renowned food 
and drug lawyer Peter Barton Hutt remarked, 

"They therefore went to Congress and succeeded in obtaining 
what was without question the single worst legislative defeat that F D A 
has ever encountered in its entire history...This was an extraordinary 
and humiliating defeat for FDA...Thus, the impact of the 1994 statute 
is enormous."^ 

Passage of the DSHEA signaled two things: 
(1) A fundamental reform of FDA's haphazard and ineffective regulation of 
botanicals, and 
(2) Dietary supplement consumers are a political and economic force to be 
reckoned with. 

Central to the bill (and a constant point of negotiating friction) was the status 
and regulation of botanicals. I have "reconstructed" the DSHEA to focus exclusively on 
how it defines and now treats botanicals. While many of these provisions also apply to 
other dietary ingredients, review of the law with an eye toward botanicals provides a 
useful and concise picture of the new regulatory framework for this specific class of 
products. 
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Botanical Summary of DSHEA 

1) (Section 3̂  E)efinition. The term "dietary supplement" means an herb or 
other botanical or a concentrate, constituent, extract or combination of any botanical that 
is intended for ingestion as a tablet, capsule or liquid form and is not represented for use 
as a conventional food or as a sole item of a meal or the diet and is labeled as a dietary 
supplement This includes new drugs which were marketed as botanicals prior to such 
approval but does not include a botanical approved as a new drug or authorized for 
investigation as a new drug for which substantial clinical investigations have begun and 
made public and which was not before such time marketed as a dietary supplement 

2) Botanicals are Not Food Additives. 
3) (Section 4V A botanical is considered unsafe if it presents a significant or 

unreasonable risk of illness or injury under conditions of use recommended or suggested 
in labeling, or it is a new botanical for which there is inadequate information to provide 
reasonable assurance that such botanical does not present a significant or unreasonable 
risk of illness or injury. In any preceding under this paragraph, the United States shall 
have the burden of proof to show that a botanical is adulterated. 

4) (Section 5) Botanical Supplement Claims. A publication including an 
article, a chapter in a book or an official abstract of a peer-reviewed scientific publication 
that appears in an article and was prepared by the author or editors of the publication 
which is reprinted in its entirety shall not be defined as labeling when used in connection 
with the sale of botanicals to consumers when, (1) it is not false or misleading, (2) does 
not promote a particular manufacturer or brand of botanical, (3) is displayed or presented 
with other items on the same subject matter so as to present a balanced view of the 
available scientific information on a botanical, and (4) if displayed in an establishment, is 
physically separate from the botanical and does not have appended to it any information 
by sticker or other method. This provision shall not apply to or restrict a retailer of 
botanicals from selling books or publications as a part of their business. 

5) Section 6, A,statement for a botanical may be made if: 
(a) The statement describes the role of a botanical intended to affect the 

structure or function in humans, characterizes the documented mechanism by which a 
botanical acts to maintain such structure or function or describes general well-being from 
consumption of a botanical; 

(b) The manufacturer of the botanical has substantiation that such a 
statement is truthful and non-misleading, and 

(c) The statement contains prominently displayed and in bold-faced type 
the following: "This statement has not been evaluated by the Food and Drug 
Administration. This product is not intended to diagnose, treat, cure or prevent any 
disease." Such statements cannot claim to diagnose, mitigate, treat, cure or prevent any 
disease. The manufacturer of a botanical making such a statement shall notify the 
secretary (FDA) within 30 days after first marketing such a statement 

6) Botanical dietary supplements are misbranded if: 
(a) It is a botanical dietary supplement and the label or labeling of the 

botanical fails to list the name of each ingredient, the quantity of such ingredients, or, if 
a proprietary blend, the total quantity of all ingredients. 

(b) The label or labeling of the botanical fails to identify the product by the 
term "dietary supplement" 
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(c) The label or labeling of the botanical fails to identify any part of the 
plant from which the ingredient is derived. 

(d) The botanical is: 
• Covered by the specifications of an official compendium; 
• Is represented as conforming to such official compendium and 

fails to do so; or 
• The botanical is not covered by an official compendium and fails 

to have the identity and strength that it represents to have, or 
• It fails to meet the quality, purity or compositional specifications 

based on validated assays or other appropriate methods that it is 
represented to meet. 

7) (Section 81 A botanical shall be deemed adulterated unless: 
(a) The product contains only botanicals which have been present in the 

food supply as an article used for food in a form in which the food has 
not been chemically altered, or 

(b) There is a history of use or other evidence of safety establishing that 
a new* botanical, when used under conditions recommended in the 
labeling, will reasonably be expected to be safe and at least 75 days 
before introduction into commerce to provide the secretary with 
information on which the manufacturer has concluded that the 
botanical will reasonably be expected to be safe. 
* A new botanical means one that was not marketed in the United 
States before October 15,1994. 

8) (Section 9} Good Manufacturing Practices. A botanical is unsafe if it is 
prepared, packed or held under conditions that do not meet current good manufacturing 
practices. The secretary may by regulation prescribe good manufacturing practices for 
botanicals which shall be modeled after current GMP's for food and may not impose 
standards for which there is no current and generally available analytical methodology. 

9) (wSection 10V A botanical is not a drug solely because its label or labeling 
contains a statement of nutritional support. Also, a botanical shall not be deemed 
misbranded if its label or labeling contains directions or conditions of use or warnings. 

10) (Section 12̂  Commission on Dietary Supplement Labels. A commission 
shall conduct a study on and provide recommendations for the regulation of label claims 
and statements for botanicals including the use of literature in connection with the sale of 
botanicals and procedures for evaluation of such claims. The commission shall evaluate 
how best to provide truthful, scientifically valid and not misleading information to 
consumers. 

11) (Section 13̂  Office of Dietary Supplements. The secretary shall establish 
an Office of Dietary Supplements (ODS) within the National Institutes of Health (NIH). 
The purposes of the office are as follows: 

(a) To explore the potential role of botanicals to improve health care. 
(b) To promote scientific study of the benefits of botanicals in maintaining 

health and preventing chronic disease. 
(c) The Director of the ODS shall: 

• Conduct and coordinate scientific research relating to botanicals 
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which can limit or reduce the risk of diseases such as heart 
disease, cancer, birth defects, osteoporosis, cataracts or 
prostatism. 

• Collect and compile results of scientific research related to 
botanicals. 

• Serve as a principle advisor to the NIH, the Centers for Disease 
Control and Prevention (CDCP) and the Commissioner of F D A 
on issues relating to botanicals including botanical regulations, 
the safety of botanicals, scientific issues arising in connection with 
the labeling and composition of botanicals and shall compile a 
database of scientific research on botanicals. 

As can be seen, the DSHEA lays down a new and unique approach to defining 
and regulating botanicals. I am unaware of any other regulatory system or approach like 
this in the world. It is nearly two years since the DSHEA became law. A great deal of 
work has been done, both by industry and by FDA, to implement and to further develop 
various aspects of this law. The following are important areas of general interest. 

1) Statements of Nutritional Support. The FDA has received over 1,000 
notices for statements of nutritional support, the majority of which are of botanical origin. 
Unfortunately, no accompanying sales data are presently available to determine how 

successful this new class of claims is in the marketplace. 
2) Nutrition and Other Labeling Regulations. The FDA has issued proposed 

regulations setting out formats for botanical dietary supplement labels, nutrition labeling, 
etc. After careful review, the botanical industry identified several serious concerns and 
filed extensive comments objecting to various aspects of these regulations. 

3) Good Manufacturing Practices. The agency has recently published the 
industry's draft GMP's as an Advanced Notice of Proposed Rulemaking (Docket No. 
96N-0417). Following a public comment period, it is expected these regulations will 
proceed through formal rule-making and be officially adopted. This is seen as a very 
favorable step for both FDA and the botanical industry. Important issues remain with 
regard to how nutrients and botanicals will be treated with respect to identification of raw 
materials, microbiological contamination, appropriate analytical techniques, etc. 

4) The Commission on Dietary Supplement Labels. This Commission was a 
political compromise when the Senate Labor and Human Resources Committee could not 
agree on how dietary supplements should fit into the larger N L E A health claims scheme. 
Hie Commission is composed of seven members. Members with expertise in botanicals 
include Dr. Norman Farnsworth, University of Illinois at Chicago, and Robert McCaleb, 
President, Herb Research Foundation. The Commission has held field hearings and 
received extensive comments from interested parties and is now preparing a report of 
their findings and recommendations for the President and the Congress. The Commission 
hopes to have their report completed by June of 1997. The Commission appears to have 
been persuaded that botanicals should be distinguished from nutrients and accorded 
separate status as either herbal remedies, traditional medicines or similar. Many believe 
this is appropriate as it pertains to claims structures but not at the expense of losing 
dietary supplement status with respect to other provisions of the DSHEA. 
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5) The Office of Dietary Supplements (ODSV The ODS is now headed by Dr. 
Bernadette Marriott Initially, its focus has been on nutrients. However, more recently, 
the ODS has begun to focus attention on the role of botanicals in health care and is 
establishing a priority list of botanicals based on sales and on therapeutic importance in 
order to identify appropriate research and public education priorities. Much of the 
important work regarding the long-term place of botanicals in the U.S. marketplace is yet 
to be decided. Many important decisions will be made over the next 18 months that will 
greatly affect both the requirements for the manufacture and sale of these products but 
also allow the claims, creation of research incentives or recognition of botanicals as new 
prescription or OTC drugs. 

Other Developments Affecting the Regulatory Status of Botanicals 

1) U.S. Pharmacopeia. In July 1996 the U.S. Pharmacopeia (USP) held an 
open conference to discuss approaches for establishment of quality standards and use 
information for botanicals. Four draft monographs on valerian, ginger, garlic and ginkgo 
have been published in the pharmacopoeial forum for comment. Further monographs are 
expected to be published as well. The establishment of USP standards for botanicals 
would serve three important purposes: 

• To legitimize and distinguish quality botanicals in the mind of the 
public and professionals. 

• Open the way for FDA drug review and approval of botanicals as 
drugs (traditional medicines) for which USP standards may exist 

• Become an authoritative source of usage information for health care 
professionals. 

• Set the stage for reimbursement or health insurance coverage for 
botanicals. 

• Create incentives for compliance with GMP's in order to meet USP 
standards. 

2) EDA. There are signs of activity within FDA. The agency has acted as a 
co-sponsor of several conferences on botanicals over the last 18 months and is now 
rumored to be organizing a botanical review committee within the Center for Drug 
Evaluation and Research (CDER). The role of such a committee remains unclear but 
signals an intent to devote greater resources to the botanical area. 

The agency has also hinted that it will soon publish a notice in the Federal 
Register responding to the 1992 citizen petition of the European American Phytomedicine 
Coalition (EAPC) which seeks recognition of well-established phytomedicines as old 
drugs in the U.S. for OTC drug review purposes. 

Summary and Conclusions 

For many years, botanicals held a very unsure and tenuous place in both American society 
and FDA regulation. The recent resurgence of botanicals for dietary and medical use has, 
in part, led to passage of the DSHEA which affected important changes with respect to 
the regulation of botanicals. This new status as dietary supplements creates both 
opportunity and also many new questions. 
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Ultimately, botanicals in the U.S. may hold no less than five levels of regulatory 
recognition. They are: 

• New Prescription Drugs 
• OTC Drugs 
• Traditional Medicines 
• Dietary Supplements 
• Conventional Foods 

Depending on the scientific and commercial resources available, various 
companies may elect to market botanicals in one or more of these categories. 

Barring an unforeseen reversal of law, botanicals as dietary supplements will 
continue to enjoy impressive growth, and as the American consumer becomes more 
familiar with the various dietary and medicinal benefits of these products, they will 
continue to include botanicals as a part of their life both in the kitchen and in the medicine 
chest. 
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Chapter 5 

Search for New Plant Constituents with Antiasthmatic 
and Antihypertonic Activity 

H. Wagner 

Institute of Pharmaceutical Biology, University of Munich, Karlstrasse 29, 
D-80333 Munich, Germany 

The development of target-directed in vitro screening methods (specific 
enzymes, primary cell cultures and receptors) has considerably stimulated the 
search for new potential drugs from plants. Inspite of the fact that the results 
obtained in vitro often have no counterpart in vivo and have to be confirmed 
in experimental animal studies, this new approach opens up the possibility of 
designing leading structures for the development of new drugs. This review 
summarizes results obtained in the author's research laboratory in recent 
years in an extensive program, which comprises the following areas: allergic 
asthma and cardiovascular diseases, in particular, high blood pressure. For 
the screening of isolated compounds and the monitoring of plant extract 
fractionations key enzymes and primary cell cultures of humans and animals 
as well as some in vivo models were used. The drugs for screening were 
selected primarily following ethnopharmacological guidelines. The results of 
structure-activity relationship studies are discussed with regard to their 
therapeutic relevance. 

Antiinflammatory drugs and those for the treatment of cardiovascular diseases rank 
second and third on the list of new drugs wanted for rational therapy, respectively. 
Although we possess a great number of powerful synthetic drugs we must confess that 
we do not have enough causally and rationally applicable drugs. In addition a great 
number of them have the handicap of causing severe adverse effects and being too toxic. 
In this context, it might also be worth stressing that from about 2000 registered human 
diseases and disorders, only about 40% can be cured. Bearing this in mind, it is essential 
to utilize the almost limitless resources provided by the plethora of potential medicinal 
plants of traditional medicine for an overall and thorough screening. However, only in a 
few exceptional cases will a screening program such as this result in a highly effective 
drug. Most of the new plant constituents found by a bioguided fractionation can be 
regarded as leading structures only, which may serve as starting templates for synthetic 

46 ©1998 American Chemical Society 
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modification with the further possibility of optimizing bioavailability and pharmacokinetic 
properties and, hence, the efficiency of this plant constituent. It is an interesting 
coincidence that a battery of pharmacological in vitro methods has recently become 
available, which readily lend themselves to automation. They comprise the use of 
enzymes, cells or receptors. In most cases these target-directed methods are specific, and 
have practical and other important implications with regard to operational time, costs and 
especially medical ethics. The only disadvantage of these programs is that the results 
obtained in vitro often have no counterpart in vivo. In other words, in each case the in 
vivo efficacy must be proven and confirmed in experimental animal studies. Furthermore, 
we must keep in mind that due to the complex pathophysiology of many diseases it is not 
always possible to find and select the adequate target model. 

An obvious advantage of this target-directed screening program is the chance of 
finding the major active principles of a medicinal plant, which would make it possible to 
standardize plant extracts, a requirement for reproducible pharmacological and clinical 
studies. 

In the following we present the most important results of our screening program for 
new potent antiasthmatic and antihypertonic drugs over the past 10 years. 

Screening for Antiasthmatic Plant Constituents 

Methodology. The complex pathophysiology of allergic asthma and the many possible 
sites of attack for antiasthmatic drugs, as shown in Figurel, suggested that we should 
start screening the plant extracts with an in vivo model, and use the in vitro methods later 
for investigating the mechanism of action of the isolated compounds. We used a 
noninvasive whole-body computer-aided plethysmographic lung function model 
according to Dorsch (7). This very sensitve method measures the degree of bronchial 
obstruction and records not only the parameter 'compressed air', but also the airway 
resistance thorax gas volume, maximum flow rates, tidal volume, breathing frequency, 
and I/E (inspiration/expiration) ratio. The substances, or extract fractions under 
investigation, were applied either orally or as an aerosol to the guinea pigs sensitized to 
ovalbumin 1 h or 30 min prior to inhalation challenges with PAF (platelet activating 
factor) or ovalbumin (2). 

Since it is generally accepted that allergic asthma is generated as a consequence of 
inflammatory processes, all or some of the following in vitro effects on mediator systems 
and cell functions were measured: cyclooxygenase, 5-lipoxygenase, chemotaxis, 
biosynthesis of L T B 4 and L T Q , thromboxane, biosynthesis, chemoluminescence and 
histamine release. In some cases the in vivo-rat paw edema model in mice was also 
carried out. 

Results of the Screening Program. From the many plant drugs used in traditional 
medicine of different countries for the treatment of allergic asthma, three drugs were 
selected for thorough screening: Allium cepa, Picrorhiza kurroa, and Galphimia glauca. 

Allium cepa. Onion juice has been recommended for centuries for the treatment of 
pain and swelling after bee or wasp stings. In homeopathy Allium D 4 is used as an 
expectorant, antitussive and as a remedy against allergic rhinitis and bronchitis. A 
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Figure 1. Pathophysiology of allergic asthma. 
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preliminary study carried out with onion juice administered subcutaneously to one asthma 
patient revealed a marked reduction of the immediate and late bronchial reaction. In 
another study with adult volunteers, topical onion treatment (intradermal injection of an 
ethanolic onion extract) prior of the application of anti IgE showed a strong reduction of 
the cutaneous inflammation in a manner similar to the inflammation after bee or wasp 
stings. Edema formation was especially reduced (3). 

Using the bioguided fractionation method we were able to localize the antiasthmatic 
principle of the onion juice in the lipophilic CHCl3-fraction. 13 compounds were isolated 
from two active subtractions using MPLC (medium performance liquid chromatography). 
Al l compounds were structurally elucidated by modern spectroscopic methods. They 
could be identified as trans and cis methylsulphinothioic acid-S-l-propenylester (1), cisz 
and trans-n-propylsulphinothioic acid-S-l-propenyl ester. (2), n-propylsulphinothioic 
acid-S-n-propyl ester (3) and trans-5-ethyl-4.6.7-trithia-2-decene-4-S-oxide (4) t£an&» 
trans and trans, cis 5-ethyl-4.6.7-trithia-2.8-decadiene-4-S-oxide (6) and as the 
diastereoisomers of the latter three compounds (4). Five compounds (1-3) belong to the 
class of a,6-unsaturated thiosulphinates. The other novel unsaturated a-sulphi-
nyldisulphides (4-6) were called "cepaenes". 

These compounds are not present in the intact bulb. They are generated from sulphur-
containing amino acids upon squeezing or slicing of the bulb, by enzymatic catalysis and 
sequential reactions. Most of them are relatively unstable. As shown in some animal 
experiments, the tMosulphinates of onion are the major antiasthmatic principles of freshly 
prepared onion extracts in vivo (5). At concentrations of 10 and 100 mg/kg, they were 
able to reduce the allergen or PAF induced bronchial obstruction by 30-60%. In vitro 
they were found to be potent dual inhibitors of cyclooxygenase and 5-lipoxygenase (6). 
The cepaenes also very effectively inhibit cyclooxygenase and 5-lipoxygenase in vitro (7). 
Whether the cepaenes also exhibit antiasthmatic activity in vivo, could not be evaluated 
due to a shortage of enough pure substance. 

In Table I the in vitro effects of some isolated and synthetic thiosulphinates as well as 
cepaenes on various mediator systems and cell functions are shown (8). 

Picrorhiza kurroa. This plant is a small herb with tuberous roots that grows in the 
Himalayan area at altitudes of 3000 - 5000 m. In Ayurvedic medicine it is used mainly for 
the treatment of liver and lung diseases, but also for chronic dysentery and other compla
ints. Controlled trials performed under different arthritic conditions showed marked 
improvement of clinical symptoms (9,10). 

In a preceding in vitro investigation, Picrorhiza extracts were found to inhibit hista
mine release in vitro (11) and to enhance the bronchodilating effects of sympathomimatic 
amines (12). The bioguided fractionation of an ethanolic extract led to the isolation of 
some new triterpene derivatives (cucurbitacins) and, in the more polar fraction, of a 
phenylglycoside identified as androsine (1)(13,14). Of all the isolated compounds, only 
androsine was found to inhibit experimentally induced bronchial obstruction by 60-70% 
when applied in doses of 10 mg/kg. The inhalation of the same compound at a 
concentration of 0.5 mg/kg was much more effective. 

This result prompted us to perform detailed structure-activity relationship studies in 
the class of acetophenones. From more than 25 synthesized or isolated acetophenones, 
aglycons and glycosides with a varying substitution pattern, 3,5-dimethoxy-4-
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hydroxyacetophenone (acetosyringenin 8) was found to be the most active compound 
(15-16). It prevented allergen- and PAF-induced bronchial obstruction by more than 80% 
after a single dose of 0.5 mg applied by inhalation aerosol, or 10 mg/kg applied orally 
(Figure 2). 

To summarize, it may be concluded that aglycones are more effective than glycosides 
when applied by inhalation. Acetophenones with hydroxyl groups at the para position to 
the acetyl group and an additional methoxy group at the 3 or 5 position showed by far 
the best effects (16). From the bioguided fractionation of Picrorhiza kurroa extract, it 
can be concluded that the extracts might not be useful for a rational therapy of allergic 
asthma - firstly because of the low concentration of the acetophenone in the extract and, 
secondly, because of the presence of the relatively toxic cucurbitacins. 

Galphimia glauca. The plant, abundant in Central and South America, is prescribed 
by curanderos of some tribes in the rain forest against pollinosis. The first studies on 
patients with pollinosis were promising (77), but no information was available on the 
mode of action of the active compounds. The oral pretreatment of guinea pigs with 320 
mg/kg of the alcoholic G. glauca extract prevented bronchial obstruction to the 
inhalation of ovalbumin and PAF. This effect was observed not only 1 and 12 h after a 
single dose but even after 4 days (18). 

By bioguided fractionation we were able to isolate and identify gallic acid and ellagic 
acid, in addition to methylgallate, the rare tetragalloyl-quinic acid (9) and the flavonoids 
hyperoside, isoquercitrin, kaempferol-glucoside and quercetin/kaempferol-glucoside-
gallate. 

After a single oral dose of 5 mg/kg tetragalloyl quinic acid showed significant effects 
(by 60-80%), whereas gallic acid, methyl-gallate and quercetin were much less active (45 
mg/kg)(79). Surprisingly, the flavonol-acyl-glycoside was found to exert a strong effect 
on the classical complement model (20). We also observed an inhibitory effect on 
histamine release from human polymorphonuclear leukocytes. Since many flavonoids are 
known as inhibitors of cyclooxygenase as well as lipoxygenase, and the gallates as potent 
oxygen radical scavangers and antioxidants, it might be justified to suggest a different 
mechanism, most likely acting in combination, as being involved in the antiasthmatic 
effect of the Galphimia extract 

Results of Other Laboratories. In traditional medicine of China, Japan and India 
(Ayurvedic-medicine) many other plants are claimed to be useful in the treatment of 
allergic asthma (Table II). Whereas, for most of them the clinical proof according to GCP 
(Good Clinical Practice) is lacking, many pharmacological in vitro and in vivo 
investigations have been carried out which seem to confirm their antiasthmatic potential. 
Many isolated substances have also been screened for antiallergic and antiasthmatic 
activity. 

Sankawa and Chun (21) screened 20 drugs from traditional Chinese medicine using 
the passive cutaneous anaphylaxis test (type 1 immediate response). Ten plant extracts 
showed good inhibition effects (100-300 mg/kg /.v.). In an in vitro mast cell model, 
highly methoxylated flavonoids isolated from Citrus aurantium, e.g. nobiletin, 
3,4,6,7,8„3f,4- heptamethoxy flavone, tangeretin and others (22), were found to be good 
inhibitors of histamine release. Flavonoids, a coumarin, a neolignan and sesquiterpenes 
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Table 1. Effects of thiosulphinates (TS), isolated from onion or synthesized, on 
mediator systems and cell functions in vitro. 

A B C D E F G H 

Dimethyl-TSa 0 0 0 0 0 1 1 
Methyl-propyl-TSa-b 0 0 II 
Dipropyl-TSa II 1 1 0 0 II 
Diallyl-TS 1 II II w II 1 III 
Methyl-phenyl-TS w II 1 
Phenyl-methyl-TS w H U III 1 
Diphenyl-TS 0 II II w II II II 
Methy 1-1-propenyI-TS " w III III 
Propyl-I-propenyl-TS 8 w *U 
m _ Reduction by more than 30% 

at concentrations of luM. 
[\ = Reduction by less than 30% 

at 1 uM. 
j = Reduction at 100 uM. 
a Identified in Allium cepa L. 
b Isomers. 

A = Histamine release 
B = Biosynthesis of LTB4 
C = Biosynthesis of LTC4 
D = 5-Lipoxygenase 
E = Cyclooxygenase 
F = Thromboxane biosynthesis 
G = Chemotaxis 
H = Chemiluminescence 

Table n Antiasthmatic and antiallergic drugs of the traditional medicines of Asia. 
Adhatoda vasica India 
Asarum sagittaioides Korea 
Bupleurumfalcatum China 
Centipeda minima Korea 
Cinnamomum cassia China/Japan 
Ganoderma lucida China/Japan 
Glycyrrhiza glabra China 
Magnolia species Japan 
Picrorhiza kurroa India 
Scutellaria baicalensis China 
Tylophora indica India 
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with antiallergic properties were likewise isolated from Magnolia salicifolia and 
Centipeda minima (27). Baicalein from Scutellaria baicalensis has been reported to 
exhibit antiallergic activity on the basis of its inhibition of hypersensitive immediate 
response (25) and the thrombocyte lipoxygenase (24). From Ayurvedic medicine two 
other plants with antiasthmatic activity are known: Tylophora antiasthmatica and Adha-
toda vasica. For the first plant, a non-anticholinergic and antihistamine mechanism of 
action, which might be due to the Tylophora-tilkdloids has been reported (25). 
Comprehensive pharmacological investigations have been described also for Adhatoda 
vasica, whose two major alkaloids vasicine and vasicinone showed bronchodilatory 
activity comparable to that of theophylline (26). 

Conclusions. To summarize all the results of screening, i.e. those available in the 
literature as well as obtained by ourselves, it may be concluded that none of the active 
compounds isolated has the pharmacological profile of a betasympathicomimetic, nor that 
of an anticholinergic or a xanthin derivative. There is strong evidence that most of them 
interfere with defined mediators or cell functions which play a key role in the pathological 
processes of inflammation. 

Screening for Antihypertensive Drugs 

Although a great number of synthetic antihypertensive drugs are available, such as ACE-I 
+ II inhibitors, Ca-antagonists, B-blockers and diuretics, publications reporting several 
adverse effects of some of them are increasing. Furthermore, as far as the heart and blood 
circulation diseases are concerned, we know only a limited number of relevant targets, 
e.g. enzymes, receptors, and their proteins. In the case of Ca-channel blockers, the 
channels are not clearly defined structurally. Therefore, the screening of natural products 
relying on bioassays is still valid. 

In the search for new antihypertensive plant compounds, we again followed the 
ethnopharmacological approach, and selected plants which in traditional medicine have 
gained a high reputation in the treatment of hypertension, coronary heart diseases, heart 
arhythmia and myocardial infarct. Our screening program aimed at new compounds with 
ACE-inhihiting- and Ca-antagonistic activity. 

Plant ACE-inhibitors. Within the enzyme cascade of the renin-angiotensin system, the 
angiotensin converting enzyme (ACE) plays an important role in the regulation of blood 
pressure. Acting as a dipeptidyl carboxypeptidase, the enzyme liberates angiotensin n, an 
octapeptide with strong vasopressor activity from angiotensin I (a decapeptide) which, 
in turn, is a product of the action of renin. In addition to directly causing 
vasoconstriction, angiotensin n stimulates the synthesis and release of aldosterone, which 
also increases the blood pressure by promoting sodium and water retention (27). If the 
formation of angiotensin n and thus the inactivation of vasodilatory kinins are suppressed 
by selective ACE-inhibitiors, the results are a decrease in blood pressure, natriuresis and 
diuresis (28). 

Methodology. We developed a new in vitro assay by using the chromophore- and 
fluorophore-labelled tripeptide dansyltriglycine as substrate and A C E from rabbit lung. 
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The enzyme cleaves the substrate into dansylglycine and diglycine. The extent of 
cleavage is determined by separation of the split products on reversed phase high 
performance liquid chromatography and quantification (29)(Figure 3). 

This target-directed enzyme assay is very specific, highly sensitive, reproducible, and 
lends itself very easily to automation. The screening, bioguided fractionation and isolation 
of the active compounds of about 30 plant extracts led to compounds belonging to two 
major classes - the procyanidins and flavonoids. Additional potent compounds could be 
detected in the class of peptides. 

Procyanidins. Within this class the oligomeric procyanidins and the C-4/C-6 linked 
dimeric compounds, with inhibition rates of 36-60% at concentrations of 0.17 and 0.33 
mg/ml respectively, were more active than the C-4/C-8-linked dimeric forms (Table HI) 
(30). This finding was in agreement with other results obtained from procyanidins of Vitis 
vinifera and Cupressus sempervirens (31). Pure procyanidins isolated from Lespedeza 
capitata (32), Cistus clusii and Amelanchier ovalis (30) showed moderate (50-90% 
inhibition at 0.20-0.33 mg/ml) or good activity (30-90% inhibition at 0.15 - 0.2 mg/mL). 
Monomelic flavan-3-ol and (+)-catechin were inactive. The procyanidin fraction of 
Crataegus oxyacantha, a plant used for the treatment of moderate heart insufficiency, 
showed also an ACE-inhibiting activity (33). This finding is of interest in light of a 
clinical trial performed with an Crataegus extract, against the synthetic captopril, a well 
known A C E inhibitor. In this trial the Crataegus extract revealed clinical results very 
similar to that of captopril (34). 

From the Alchemy Molecular Modelling program (Tripos Inc.) used for calculating 
three-dimensional models of the energy minimized structures, we can conclude that the 
in vitro activity of procyanidins might be due to the formation of chelate complexes 
between the electron-rich heterocyclic oxygen and hydroxy functionalities of different 
monomelic units with the zinc atom of the enzyme (30). 

Flavonoids. Within this class of compounds, some derivatives of 8-hydroxychroma-
ne and -chromone, e.g. mesquitol (10), teracacidin or gossypetin, and also polyhydroxy-
flavones with a phenolic hydroxyl group in positions 2' or 4' of the B-ring (e.g. in morin 
(11) and amentoflavone) (Table TV) inhibited A C E to 60-90% at a concentration of 0.33 
mg/mL (30). It is remarkable that all active compounds are characterized by a phenolic 
hydroxyl group in the vicinity of a heterocyclic oxygen atom. Therefore, one may surmise 
that the in vitro activity of these compounds is due to the generation of chelate 
complexes with the zinc atom within the active centre of the ACE. Such a mechanism has 
also been proposed for the microbial A C E inhibitor phenacein (12) ( IC^ 0.0001 mg/mL 
~ 390 nmol/1 (35). 

Peptides. Among the plant peptides tested, the tripeptide glutathione showed an I C 5 0 

of0.0032 mg/mL. By using the computer-aided active analogue approach we could show 
that the gluthatione molecule possesses a similar C-terminal structure which fits into the 
active centre of the enzyme receptor. The same mechanism of interaction can also be 
suggested for the peptides, phytochelatin and the metallothionins, which have a primary 
structure of repetitive Y-glutamylcysteinyl units (36,37) and thus the capacity to bind to 
heavy metal ions (Table IV). 
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a: 
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: Control 
Time (min) 

= Acetosyringenin 

Figure 2. Prevention of allergen (ovalbumin) induced bronchial obstruction 
(inhalation of ovalbumin at 0 and 10 min) in 10 guinea pigs by the inhalation of 0.5 
mg acetosyringenin 30 min prior to the inhalation challenge. Percent inhibition of 
bronchial obstruction at the first allergen challenge (time 0): 83 ± 27%; and at the 
second challenge: 86 ± 24% (p<0.001). 
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Figure 3. ACE-catalyzed cleavage of dansyltriglycine. 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

00
5

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



56 

Table BLT. ACE-inhibitory activity (% ± s.d.) of compounds isolated from Lespedeza 
capitata, Amelanchier ovalis, and Cistus clusii (means of two different experiments). 
Lespedeza capitata 
Dimeric procyanidin B 3 0.33 mg/mL 62.1 ±1.4 
Dimeric procyanidin B ! 0.33 mg/mL 58.2 ±2.1 
Dimeric procyanidin B 6 0.17 mg/mL 36.7 ±0.3 
Trimeric procyanidin Cx 0.17 mg/mL 43.8 ± 3.8 
Amelanchier ovalis 
Dimeric procyanidin B 2 0.33 mg/mL 65.9 ±1.6 
Dimeric procyanidin B 4 0.33 mg/mL 61.8 ±2.2 
Cistus clusii 
Pentameric prodelphinidin 0.14 mg/mL ic 5 0 

Proanthocyanidins 
[4,8]-3,4-trans-(-)-fiseti-
nidol(+)-catechin 0.33 mg/mL 59.2 ± 1.4 
[4,8]-3,4-cis-(-)-fiseti-
nidol-(+)-catechin 0.33 mg/mL 66.4 ±3.1 
[4,6]-3,4 cis-(-)-fiseti-
nidol-(+)-catechin 0.17 mg/mL 61.8 ±0.7 

Table IV. Screening results for ACE-inhibitory activity (% ± s.d.) with flavonoids, 
peptides, and Allium ursinum (means of two different experiments). 
Flavonoids 
Morin 0.33 mg/mL 63.7 ±2.3 
(+)-Mesquitol 0.33 mg/mL 77.6 ± 2.7 
(-)-Teracacidin 0.33 mg/mL 69.4 ±1.3 
Amentoflavone 0.33 mg/mL 62.5 ± 1.1 
Gossypeptin 0.33 mg/mL 68.4 ± 2.3 

Peptides 
Glutathione [y-Glu-Cys-Gly] 0.0032 mg/mL ic 5 0 

Phytochelatin 
[(y-Glu-Cys)-Gly;n=2-ll] 0.034 mg/mL ic 5 0 

Metallothionein-fragment 
[Lys-Cys-Thr-Cys-Cys-Ala] 0.0013 mg/mL ic 5 0 

Allium ursinum 
Y -L-glutamyl-(+)-S-allyl 

-L-cysteine sulphoxide 0.03 mg/mL 48.7 ± 1.4 
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While screening Allium ursinum (wild garlic) extracts, we detected a marked A C E -
inhibiting activity in a very polar fraction. The bioguided fractionation and isolation led 
to Y-glutamyl-(+)-S-allyl-L-cysteine sulphoxide, which exhibited an ACE-inhibiting 
effect of ~ 50% at a cone, of 0.03 mg/mL (Table IV). 

Plant Ca-Channel Blockers. Calcium antagonistic drugs act on calcium channels by 
inhibiting the C a 2 + influx into the cell. The synthetic Ca-blockers in use can be divided 
into the three main groups: dihydropyridines, benzodiazepines and phenylalkylamines. 
The first type, such as nifedipine, verapamil, and diltiazem, for example, blocks the 
voltage-operated channels (VOCCs) in the membranes of the muscles like prenylamine 
and fendiline, but may also interact with receptor-operated C a 2 + channels (ROCCs), Na + 

channels or calmodulin, and are therefore classified as "nonselective" calcium-antagonists 
by WHO (World Health Organization). 

Of the various Ca-channels which are known today (L,-N, T and P type), the "long 
lasting" or "slow" type channel plays the most important role for the heart and smooth 
muscle. Test models in which a response (increase in force, uptake of calcium or increase 
in [Ca2+]) is elicited by depolarization (increase in potassium concentration) can only be 
the first step in determining a possible calcium-channel blocking. The only method for 
determing a calcium-blocking effect with certainty is the measurement of the calcium 
inward current through calcium channels by the patch clamp method. In this context it 
must be stressed that the various models available today, with e.g. isolated muscle 
preparations (e.g. guinea-pig, trachea, heart muscle, vascular smooth muscles or various 
cell lines from animal organs) can show widely different results, which render it difficult 
to compare the potency of the various substances tested. 

In our screening we used papillary muscles from the right ventricles of guinea pig-
hearts (38). The muscles were stimulated by square-wave pulses through punctate 
electrodes at their mural end. The isometric contraction curves were monitored on an 
oscilloscope and a high speed pen recorder. The contractions were elicited at a low 
contraction frequency under the influence of ryanodine (1 pM) and noradrenaline (0.3 
pM). In this experiment a decrease in contraction force correlates well with the calcium-
channel blocking activity of the compounds (39). 

In our first approach we tested some essential oils, which are known for their diuretic 
and spasmolytic efficacy and are used in traditional medicine. We found a concentration-
dependent effect on the force of contraction of papillary muscles with parsley, celery fruit 
and clove oil (40). Subsequent studies with the putative major active principles of the 
oils, apiol (13) (40) and eugenol (14) (41) (see Figure 4), revealed an I C 5 0 of 29 p M 
(apiol) and 224 uM (eugenol) (Table V). 

Structure activity relationship studies in the class of phenylpropanoids (Table V) 
showed that a certain degree of methoxylation and the substitution pattern of the benzol 
ring has an important influence on the magnitude of activity (40) (Figure 4). Nifedipine 
exhibited in a similar test model an I C 5 0 of 0.3 uM. 

Among the substances subjected to this screening program, we found some naphtho
quinones (e.g. juglone, plumbagin), terpenoids (e.g. bisabololoxide A) garlic constituents 
(allicin, ajoene), pyranocoumarins (visnadin) (15) and some alkaloids (e.g. sanguinarine-
N 0 3 ) with pronounced activity (42). 

Other research groups have subsequently conducted similar screening programs using 
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Table V. Calcium-channel blocking effects of various phenylpropanoids 
Substance SEM* (uM) 
apiol 29.2 2.31 
allyltetramethoxybenzol 63.1 3.74 
trans-anethol 75.2 9.4 
a-asaron 76.0 7.77 
B-asaron 63.1 19.58 
methylchavicol 257.6 19.59 
myristicin 87.6 9.27 
safrol 57.7 6.5 
eugenol 224.0 — 
Standard error of the mean for s six muscles. 
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substance R 1 R 2 R 3 R 4 

13 apiol OCH 3 - 0 - C H 2 - 0 - OCH 3 

allytetra-

methoxybenzol OCH 3 OCH 3 OCH 3 OCH 3 

methylchavicol H OCH 3 H H 

14 eugenol H OH OCH 3 H 

myristicin OCH 3 - 0 - C H 2 - 0 - H 

safrol H - 0 - C H 2 - 0 - H 

substance 

trans-anethol 

a-asaron (cis) 

jfl-asaron (trans) 

H OCH 3 OCH 3 

OCH 3 OCH 3 OCH 3 

OCH 3 OCH 3 OCH 3 

Figure 4. Structures of the phenylpropanoids tested for calcium-channel blocking. 
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rat thoracic aortas, guinea pig ileum, mouse myocardial cells, rat pituitary cells or 
cultured cells (43-47). Among the compounds listed in a review article written by 
Vuorela et al. (48), furanocoumarines, coumarins and some mono- and sesquiterpenoids 
occupy a preferred place. 

Regarding the mechanism of action, it is likely that most of these compounds are real 
Ca-channel blockers. However, definite proof of this by means of the patch-clamp 
method has hitherto only been possible for a few compounds, e.g. eugenol, apiol, and 
tinctormine (16)(48). 
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Chapter 6 

Herbal Drugs in the Treatment of Benign Prostatic 
Hyperplasia 

H. Schilcher 

Alfred Neumann Anger 17, D-81737 München-Perlach, Germany 

The natural history of benign prostate hyperplasia (BPH) is a slow 
enlargement of fibromuscular and epithelial structures within the gland, 
eventually leading to obstructive urinary symptoms experienced to some 
extent by most men over the age of 50. Its etiology and pathogenesis have 
not yet been clearly defined. Therefore, the therapy strategy is 
controversial. Besides the transurethral resection of the prostate, medical 
treatments, including alpha-receptor blocking agents, 5-alpha-reductase 
inhibitors, and phytomedicines, are becoming more and more important 
world-wide. Herbal remedies, such as Cucurbitae peponis semen, 
Serenoae repentis fructus, Urticae radix, and other herbal drugs, have a 
long tradition for successful treatment of BPH in Europe, although no 
exact mechanism of action nor precise classification of the active 
compounds are known. However, in the past decade many clinical and 
pharmacological studies have confirmed the empirical observations, 
thereby advancing these traditionally used phytomedicines to rational 
drugs. 

Benign prostatic hyperplasia (BPH) is one of the most common causes of urination 
problems in men, manifesting itself as hesitancy, incomplete voiding of the bladder, 
terminal dribbling, urgency, frequency, and nocturia. 

Pronounced BPH is found in 25% of men 40 to 50 years of age and in nearly 80% 
of men over 70 years of age. Despite the considerable importance of the clinical 
picture, particularly for general practitioners and urologists, the etiology and 
pathogenesis of BPH remain unclear (7). The ongoing controversy concerning 
therapeutic strategy is therefore entirely understandable. Many urologists believe that 
treatment should not target BPH as such but only the associated symptoms, especially 
the distressing obstructive and irritative urination symptoms (2). 

Provided that the patient receives regular medical attention, the symptoms are not 
life-threatening, but they can substantially diminish the patient's quality of life. The 
strategy of "watchful waiting" until surgery becomes necessary is understandably 
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rejected by most patients. The approximately D M 250 million (wholesale price) spent 
by Germans on prostate remedies in 1995 is certainly not to be seen as a "financed 
luxury". Surgical treatment remains the gold standard in urology because, in a 
scientific sense, it is still the only proven causal therapy (3). Nevertheless, there is a 
growing interest worldwide in conservative pharmacological measures for the patient's 
sake, even though uncertainty about the underlying mechanisms of action is still a 
source of scientific contention. 

Etiology and Pathogenesis of BPH / Problems Finding Medications 

According to the current state of medical knowledge, prostatic hyperplasia is due 
mainly to increased proliferation of the stromal components (supportive tissue) of the 
prostate. To a far lesser extent, glandular hypertrophy also occurs (i). Histologically, 
marked growth of the muscular stroma is seen. Despite numerous experimental 
studies, it is still unclear how this leads to palpable and easily diagnosed hyperplasia, 
and this lack of knowledge makes any causal therapy extremely difficult 

The recent finding that there is often no direct correlation between prostate size 
and symptom intensity further complicates the rational search for suitable drugs. And 
last but not least, the aforementioned symptoms, which are of primary concern to the 
patient, may also be due to concurrent abacterial prostatitis with relatively little 
hypertrophy of the prostate. 

Of the five hypotheses advanced to explain the development of hyperplasia (4) 
(Table I), only two are mentioned here, since they are most amenable to experimental 
investigation, and since the prostate drugs used—whether synthetic or of plant 
origin—have a regulating effect on the postulated causes. The first is synthesis of 
dihvdro-testosterone (DHT) from testosterone, the second a shift of the androgen-
estrogen ratio due to increased synthesis of 176-estradiol, likewise from testosterone. 

Table I. The pathogenic background of BPH. The development of benign 
prostatic hyperplasia is a multifactorial process and the pathogenic mechanism 
is triggered by various hormones and mediators, 
• Increased concentration of 

1. SHBG (Sexual hormone binding globulin) 

• Increased enzymatic activity of 
2. 5oc-Reductase: Testosterone -» Dihydrotestosterone 
3. Aromatase : Testosterone -» Estrogen 

• Increased concentration of 
4. Cholesterol (a precursor of testosterone and its metabolites) 

• Increased concentration of 
5. Prostaglandins and leukotrienes (edema and inflammation mediators) 
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Table n. Pharmacological Treatment of BPH with Synthetic Drugs 
(Xi Blockers 
(alfuzosin and 
terazosin) 

Selective blockade of 
noradrenergic a! receptors in the 
prostate, trigonum vesicae, and 
urethra. 
Blockade of noradrenergic (Xi 
receptors not only in the vascular 
system but also in other 
extraprostatic tissues. 

Relaxation of smooth 
muscles in the bladder 
neck and prostate. 
Improvement of 
obstructive and especially 
irritative symptoms. 

Finasteride Competitive inhibition of 5a-
reductase and thus reduction of 
plasma DHT levels. 

Remission of hyperplasia. 
The reduction of the 
prostate volume by 
approx. 20% does not 
necessarily correlate with 
the intended improvement 
of symptoms. 

Aromatase 
inhibitors 

Prevention of the age-related 
shift of the androgen-estrogen 
ratio, i.e. inhibition of 17-p-
estradiol (E2) synthesis. 

Delay of hyperplasia. 
Improvement of urinary 
flow. 

Antiestrogens Delay of the age-related shift of 
the androgen-estrogen ratio in 
favor of the androgen fraction. 

Delay of hyperplasia. 
Improvement of urinary 
flow. 

Pharmacological Approaches 

Table II gives a general overview of the synthetic prostate drugs, which account for 
about 19% of prostate medications currently sold in Germany. By relaxing the smooth 
muscles of the prostate and bladder neck, alpha-adrenoceptor blockers (alfuzosin 
and terazosin) bring about an improvement in the "dynamic component", i.e. the 
obstructive and especially the irritative symptoms. Of course the side effects and the 
cost of treatment (DM 1.50 per day) must also be considered. Although finasteride 
has been tested in clinical studies with the longest observation times and leads to the 
greatest remission of hyperplasia of all the prostate drugs (<5), in many patients 
improvement of symptoms does not correlate with a reduction in prostate volume. In 
addition, the responder rate is only 50%, and therapeutic success can be expected only 
after about six months of treatment, which costs D M 3.50 per day and is associated 
with an adverse-effect rate of over 10%. Because of their adverse effects, 
antiestrogens have not proven very useful. In addition, they are too expensive. 

With a market share of about 80% in Europe, herbal prostate drugs are clearly at 
the top of the list of the most frequently sold prostate remedies—whether by 
prescription or over the counter. This superiority stems primarily from their 
multifactorial sites of action (Table III), their almost complete lack of adverse effects, 
and their much lower therapeutic costs of about D M 1.00 per day. Phytomedicines for 
relieving BPH symptoms can be divided into two groups (Tables 4 and 5). 
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Table III. Pharmacological Treatment BPH with Phytomedicines 
Phytomedicines Multifactorial sites of action: Primary therapeutic aim is 

a) Prostatotropic activity via to alleviate or eliminate 
effects on endocrine symptoms. 
metabolism: weak to 
moderately potent, not See: 
comparable to finasteride International Prostate 

b) Direct or indirect Symptom Score 
antiinflammatorv activitv: (I-PSS and Boyarski 
dependent on the Score) 
phytomedicine and the (WHO Consensus Report 
dosage 2nd Int. Consult, on BPH, 

c) Antiedemic or Paris 1993) 
anticongestive activitv. 

d) Musculotropic activitv. i.e. Causal therapv - if one 
positive effects on the exists at all - is pursued 
detrusor only as a secondary aim. 

e) Anticonvulsive and weak 
sedative activity 

f) Weak bacteriostatic activitv 

Synergistic and additive overall 
effects 

The first group (Table IV) comprises four crude drugs for which positive 
monographs have been drawn up by the Expert Commission E of the German Health 
Office in Berlin (now the Federal Institute of Pharmaceuticals and Medical Products 
[BfArM]). Only these four drugs are discussed below in detail. 

The second group (Table V) consists of crude drugs and crude-drug preparations 
which are currently marketed as prostate remedies but for which no Commission E 
monographs are available. It is highly likely that, except for the phytosterol mixture 
from Hypoxis rooperi, all these drugs will be withdrawn from the market by the year 
2004 unless their efficacy has been demonstrated by that time. 

Monographed Phytomedicines for the Treatment of Urination Disturbances 
Associated with BPH 

The four drugs listed in Table IV have two things in common: first, according to the 
indications specified by the Commission E monographs, they are suitable only for the 
treatment of the urination disturbances associated with BPH, Le. they are not 
approved for causal therapy; and second, they may only be used in stage I to H BPH 
according to Aiken (4) (same as stage II to IB BPH according to Vahlensieck). 
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Table IV. Monographed Phytomedicines used to Treat BPH 
1. Cucurbitae peponis semen = pumpkin seeds 

Especially from the cultivated variety Cucurbita pepo Linne, convar. citruttinina 
Grebenscikov, var. styriaca Greb. 
(whole crude drug, comminuted seeds, fatty oil and extracts) 

2. Pollinis siccum extractum = rye pollen extract 
Hydrophilic and lipophilic whole extract of the pollen of Secale cereale Linne 

3. Serenoae repentis fructus = saw palmetto fruits 
Lipophilic extract of the fruit of Serenoa repens (Bartram) Small, 
formerly Sabal serrulata (Michaux) Nutall ex Schultes 

4. Urticae radix - nettle root 
Alcoholic-aqueous extract of the roots of Urtica dioica Linne and more rarely 
from Urtica wrens Linne 

Table V . Non-Monographed Phytomedicines used to Treat BPH 
1. Purified extract of the roots of Hypoxis rooperi Linne, consisting of a 

phytosterol mixture conforming to the requirements of the US National 
Formulary XIII and a free P-sitosterol and P-sitosterol-P-D-glucoside as chief 
constituents and pentenyl glycosides. 

2. Extracts from the bark of Prunus africana (syn. Pygeum africanum) 
containing phytosterols. 

3. Ethanolic-aqueous extracts from the bark and flowers of Populus species (e.g. 
P. tremuloides, P. tremula, etc.) containing salicyl glycosides and phenyl-
substituted organic acids. 

4. Aqueous extracts from Epilobium species (E. parviflorum Linne and E. 
augustifolium Scop) containing flavonoids and phenyl-substituted organic 
acids. 

5. A further 30 crude drugs are contained in combination preparations. 

Cucurbita pepo seeds 

Of the four monographed herbal prostate drugs, pumpkin seeds have the longest 
tradition (7). They have been used to relieve BPH symptoms, irritable bladder, and 
bladder complaints in general since the 16th century, especially in southern European 
countries, Germany, and Austria (7). 

Understandably, the reports by G. Ollinger, H. Bock, A Lonicerus, F. B. Vietz 
(7), and other authors do not describe the therapeutic successes in terms of a clear-cut 
nosology (disease classification) or via a scientifically oriented evaluation of the 
results. Nor are there any documented epidemiologic studies by physicians. 
Nevertheless, one can appreciate that on the basis of empirical medicine, modern 
clinical studies were not at first deemed necessary. 

The conflicting positive reports from empirical medicine are evidently due to the 
fact that the seeds of different Cucurbita varieties were used medicinally. More recent 
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phytochemical investigations have shown marked differences in the content of phyto-
sterols, tocopherols, and amino acids in pumpkin seeds of different varieties (8, 9). 

Reproducible scientific findings have been available only since researchers began 
using a phytochemically precisely defined cultivar, Cucurbita pepo Linne, convar. 
citrullina Grebenscikov, var. styriaca Greb., forma Fink (4). This Cucurbita pepo cultivar, 
referred to hereafter simply as medicinal pumpkin seeds, is distinguished by a higher 
content of delta-7-phytosterols, amino acids, and selenium than other pumpkin seeds. 
Table VI gives an overview of the constituents that make efficacy in the treatment of 
BPH plausible. 

Table VI. Active principles in and effects of the seeds of Cucurbita pepo Linn6, 
convar. citrullina Greb., var. styriaca Greb. 
Constituent Activity / Mechanism of Action 
Delta-7-sterols in free form 
and as glycosides 

Antiinflammatory 
Diuretic 
Inhibition of DHT binding to cellular receptors 
Reduction of DHT in prostate tissue 
Normalization of prostatic metabolic parameters 

Selenium Antiinflammatory 
Other hitherto unidentified 
constituents 

Antimicrobial 

Linoleic acid Precursor of prostaglandins E2 and F 2 a , which 
are involved in the regulation of detrusor-
sphincter interactions 

Tocopherols 
(P- and y-tocopherols) 

Strengthen the connective tissue and muscle 

Carotenoids Oxygen free radical scavengers 
Magnesium salts Improvement of neuromuscular functions 

Proceeding from the "DHT hypothesis" as one of the possible causes of BPH, tests 
were conducted on human fibroblasts to determine whether pumpkin sterols are able 
to displace dihydrotestosterone from androgen receptors. The experimental findings 
show a significant dose-dependent reduction in DHT binding to the cells in the 
presence of incubated pumpkin sterols (10). 

These first experimental results were later supplemented and confirmed by a 
clinical pharmacologic study (77). Serum levels of acid phosphatase, prostate-specific 
antigen, bound and unbound testosterone, and SHBG were determined, as well as the 
DHT concentration in resected tissue (open prostatectomy). In addition, the 
administered pumpkin sterols were qualitatively identified in resected tissue by gas 
chromatography. The results of the clinical pharmacological study showed that the 
isolated pumpkin sterols have prostatotropic activity in comparison to an untreated 
control group. 

Between 1962, when the first clinical observational study was published (72), and 
1982, there appeared six further publications dealing with a combination pumpkin 
preparation (13-18). The pharmaceutical preparation tested consisted chiefly of 
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medicinal pumpkin seeds. A placebo-controlled double-blind study was conducted in 
1980 with a fixed combination of this kind (18). Unfortunately, only one open 
observational study with a single-substance pumpkin preparation has so far been 
performed (79). A placebo-controlled double-blind study complying with GCP 
guidelines and using the International Prostate Symptom Score (I-PSS) is currently 
under way following a successful pilot study (20). Despite the lack of GCP studies, it 
must be assumed on the basis of the available scientific information and the correct use 
and interpretation of the drug guidelines that medicinal pumpkin seeds are effective. 

Pollonis siccum extractum 

Pollens are also traditional prostate remedies (27) but do not have the same 
importance as pumpkin seeds. Documented empirical medical reports are likewise not 
available with bee-collected pollens, the composition of which can be very 
heterogenous (22). A scientific "breakthrough" was achieved with the use of a 
standardized whole extract (hydrophilic plus lipophilic dry extracts) from a mixture of 
about 90% rve pollen (Secale cereale) and 10% timothy (Phleum pratense) and corn 
(Zea mays) pollen. Hereafter, this three-pollen extract will be referred to simply as 
"grass-pollen extract." Normally, a pollen mixture consists of 20 to 40 different 
pollens (27). 

Earlier, several experimental studies showed that the hydrophilic and lipophilic 
extracts differed in their activity profiles but complemented each other outstandingly in 
terms of the therapeutic goaL There is, therefore, a rational basis for use of the whole 
extract (7). 

The lipophilic fraction exhibits dose-dependent noncompetitive inhibition of 5a-
reductase and 3a- and 3P-hydroxysteroid dehydrogenases with unequal affinity in the 
epithelium and stroma. It, therefore, influences the synthesis of dihydrotestosterone 
and has prostatotropic activity. The activities of the DHT-metabolizing enzymes 5a-
reductase, 3a-HSOR, and 3P-HSOR have been determined in, for example, 
mechanically separated epithelial and stromal fractions from 10 normal and 20 
hyperplastic prostates. 

In addition, with the help of radioactively labeled arachidonic acid, it was shown 
that the lipophilic grass-pollen extract dose-dependently inhibits cyclooxygenase and 
5-lipoxygenase in sheep bladder microsomes and in leukemic leukocytes of the rat 
(RBL-1 cells). The IC5Q values were similar to those of the comparative substance, 
diclofenac. 

The hydrophilic fraction had no activity in this test system but did exhibit 
antiinflammatory and anticongestive activity in animal experiments. The experimental 
results make the benefit of grass-pollen therapy plausible by documenting an 
antiinflammatory effect, as prostatic congestion may also be due to the accompanying 
inflammatory syndrome (7). 

Clinical efficacy was tested in an open multicenter study with 1894 patients of 208 
general practitioners as well as in two placebo-controlled double-blind studies with 
103 and 92 patients. The open observational study ran for twelve months, the double-
blind studies for six months. Overall, the study results show a significant reduction in 
pronounced congestion and an improvement in urodynamic parameters. 
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The results of the two experimental studies and the clinical studies are detailed in 
the textbook and manual Benigne Prostatopathien (benign prostatic diseases), edited 
by W. Vahlensieck and G. Rutishauser (1). 

Serenoae repentis fructus 

Extracts of the dried berries of the saw palmetto (Serenoa repens Bartram Small; 
originally called Sabal) are popular folk remedies in North America, though their use is 
almost unknown in European traditional medicine. Saw Palmetto extracts in fixed 
combinations have been used increasingly since the 1950s in Germany as well, and in 
the past 15 years lipophilic extracts of saw palmetto fruit have gained increasing 
medical and scientific importance. On the basis of experimental and clinical studies 
conducted in the past ten years, saw palmetto preparations have assumed first place 
among the herbal prostate drugs. 

Experimentally, the following effects of sabal extracts have been demonstrated: 
antiinflammatory, antiexudative, and antiedemic properties, as well as prostatotropic 
effects, e.g. inhibition of 5oc-reductase and aromatase, and effects on the receptor 
binding of androgens (see reference 23 for overview). Both the aqueous extract, which 
consists primarily of an acidic polysaccharide (24), and the flavonoid-rich alcoholic 
extract (25) were shown to have antiinflammatory and antiedemic activity in rat paw 
edema and in perfused rabbit ears. 

The lipophilic extract was also observed to have marked antiedemic activity in 
various animal models (26, 27). Dose-dependent inhibition of leukotriene B4 and 
thromboxane B2 synthesis has been demonstrated in peritoneal leukocytes of the rat, 
as well as a potent antiinflammatory effect on croton-oil-induced edema of the mouse 
ear (28). A CO2 extract of saw palmetto was observed to inhibit cyclooxygenase and 
5-lipoxygenase in microsomes obtained from sheep seminal vesicles (29). 

Inhibition of 5oc-reductase was demonstrated by five different groups (28-32) in 
various experimental models and also in comparison to finasteride. Both the ethanol 
extract and the hexane extract inhibit aromatase (28). Dose-dependent displacement of 
dihydrotestosterone from nuclear and cytosolic androgen receptors was reported by 
four different groups (26,28,29,32,33). 

In an alternative in vivo system (human prostatic tissue transplanted to the nude 
mouse) the synergistic effects of DHT and estrogen were observed, as well as sabal-
extract-induced inhibition or slowing of prostatic hyperplasia (34). Other animal 
experiments confirmed the antiandrogenic effects of lipophilic saw palmetto extracts 
(26). 

The following clinical studies have so far been conducted: 

1. A six-month multicenter, placebo-controlled study in which a significant 
improvement of nocturia, dysuria, urinary flow, and residual urine volume was 
observed (35). 

2. A three-year prospective multicenter study with 435 patients in which significant 
efficacy was found using the I-PSS, even in comparison to synthetic prostate drugs 
(36). 
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3. Three placebo-controlled double-blind studies (37-39) with observation periods of 
three to six months, in which significant improvement was found in both subjective 
and objective parameters. 

In conclusion, lipophilic saw palmetto extracts meet the requirements of the drug 
guidelines in every respect. They also have an extremely low rate of adverse reactions 
and a low cost compared to finasteride and other synthetic prostate drugs. 

Urticae radix 

Nettle extracts do not have any traditional use, and the first observations by Ruckle 
were not made until 1950 (40). These were followed by experimental and clinical 
studies on the use of nettle extracts in BPH. Meanwhile, numerous experimental and 
clinical studies have been carried out to confirm the efficacy and determine the dosage 
(41). 

Experimental studies have demonstrated the following effects (reviewed in 4, 23): 
inhibition of aromatase using placental microsomes as an aromatase source and 
observing the conversion of labeled androstenedione to estradiol (42); inhibition of 
human leukocyte elastase (HLE) to demonstrate the antiinflammatory effects of a 
nettle extract (43); inhibition of complement activation as a parameter of 
antiinflammatory activity (44); investigation of interaction with SHBG, the most 
important androgen transport protein in the bloodstream (45); investigation of 
immunomodulating properties (44), especially with respect to prostatic malignancies; 
observation of effects of a nettle-root extract on the morphology and activitv of 
prostate cells (46); and investigation of the effects on ATPase activitv in BPH tissue 
(47). 

A combination of Urtica dioica-root extract (with 30% methanol) and Pygeum 
africanum-bark extract (with methylene chloride) showed a synergistic action and 
significantly (P=0.05) increased 5a-reductase-inhibitory activity in concentrations as 
low as 0.1 mg/ml (ED50 0.24mg/ml) (54). 

In a pilot study, the efficacy of an alcoholic-aqueous nettle extract was tested in 
prostatic hyperplasia of the dog (48). Al l the study results point to both 
antiinflammatory and prostatotropic activity of hydroalcoholic nettle extracts. 

Efficacy in patients was investigated between 1982 and 1991 in eight different 
multicenter studies (41). A significant reduction in nocturia frequency, an increase in 
urinary flow rate, and a reduction in residual urine volume were observed. Two 
placebo-controlled double-blind studies (49, 50) only partly corifirmed the results of 
the observational studies. Whereas, no significant differences were found between 
placebo and active-treatment groups in terms of subjective symptoms, the objective 
parameters showed an approximately 44% increase in urinary volume compared to 
placebo and a 10% increase in maximum flow. Another double-blind study is currently 
in progress. 

A special property of hydroalcoholic nettle extracts is the evidently specific 
interaction of nettle lectins with membrane receptors and the associated effects on cell 
differentiation and proliferation processes. 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

00
6

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



71 

Table VII. Phytomedicines versus Synthetic Drugs in the Treatment of BPH 
Phytomedicines 5<x-Reductase Inhibitors and 

(Xi-Receptor Antagonists 
Multiple active substances A single active substance 
Multifactorial experimental and clinical 
activity profile 

A single, fairly clearly defined activity 
principle, e.g. inhibition of DHT-
ynthesis, selective (Xi blockade 

Aim 
Improvement of symptoms 

Aim 
Causal therapy 
(not yet achieved)! 

Clinical effects 
Marked improvement of symptoms 

Clinical effects 
With finasteride, the volume reduction 
does not correlate with a significant 
improvement of symptoms. 
With a rreceptor blockers a reduction 
of nocturia. 

Adverse effects 
Negligible 

Adverse effects: 
With finasteride, up to 12% 
With ocrreceptor blockers: hypotension 

Costs 
Reasonable 

Costs 
3 to 5 times higher! 

Recommendation 
For routine BPH therapy, especially by 
general practioners. 

Recommendation 
For special therapy by urologists. 

Urtica dioica agglutinin (UDA) may be the major antiprostatic compound of Urtica 
dioica root-drug, acting by blocking the EGF-R (epidermal growth factor receptor) in 
prostate tissues (53). 

Non-Monographed Crude Drugs and Crude-Drug Preparations 

Within the group of non-monographed crude drugs and crude-drug preparations, 
the phvtosterol mixture from the African Hypoxis rooperi LINNE must be mentioned at 
least because of its commercial importance. This mixture of natural substances consists 
of at least six phytosterols and goes by the name of P-sitosteroL It was medically 
prescribed as early as 1974 and, next to pumpkin seeds, can look back on the longest 
medical history. 

At first sight, especially if one is unfamiliar with the experimental and clinical 
findings, it is difficult to appreciate the therapeutic relevance of purified and 
concentrated Hypoxis rooperi extract, as many foods contain substantial quantities of 
phytosterols, particularly P-sitosterol. However, experimental data (4), clinical 
observational studies on over 800 patients (57), and especially the most recent 
placebo-controlled double-blind study (52) indicate that the phytosterol extract of 
Hypoxis rooperi is an effective drug for the treatment of stage I to II BPH symptoms. 
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Other crude drugs and crude-drug preparations for the symptomatic treatment of 
BPH (Table V), the use of which is known only in empirical and folk medicine, are not 
considered in this paper. 

Summary 

In summary, even when the scientific findings are subjected to a stringently critical 
evaluation, it must be concluded that the denigration of herbal prostate drugs to mere 
placebos, as occasionally occurs, is not scientifically tenable. Al l in all, far more 
experimental and clinical studies have been conducted with herbal prostate drugs than 
with "fashionable" drugs, such as a rreceptor antagonists and finasteride, since with 
the latter only studies of recent design are available. 

A dogmatic evaluation of one drug group or another is certainly not in the patient's 
best interest. As the overview (Table VII) shows, both groups of substances are useful 
for individualized treatment of benign prostatic hyperplasia, provided that conservative 
pharmacological treatment of BPH is basically accepted and that the patient's quality 
of life is also considered. 
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Chapter 7 

Plant Polysaccharides and Cancer 

G. Franz 

University of Regensburg, Department of Pharmaceutical Sciences, 
D-93040 Regensburg, Germany 

A variety of polysaccharides from different biological sources has been 
shown to enhance the immune system. The immunostimulating 
potential of these biopolymers is described as mainly promoting the 
activity of phagocytosis of the respective macrophages and granulo
cytes, inducing the production of T N F α and interleukins, and, finally, 
acting on the complement system. The most active polymers appear to 
be branched (1-->3) ß-D-glucans, which possess randomly dispersed 
single ß-D-glucopyranosyl units attached to C6. A great variety of 
other neutral and acidic polymers of different molecular dimensions 
have been proposed as so called "anti-tumor polysaccharides." The 
corresponding activities were mostly shown on allogeneic tumors such 
as Sarcoma 180. However, clinical experience, has only been 
documented for the fungal ß1-->3 glucans, such as lentinan and 
schizophyllan. The actual relevance of polysaccharide application in 
cancer adjuvant therapy will be discussed. 

Carbohydrates are found throughout biological systems and can be involved in many 
physiological processes. However, they are rarely used as therapeutic agents. It was 
surprising during the last years to learn about possible effects of a broad variety of 
carbohydrate polymers for treating a wide range of diseases such as immune disorders, 
tumors, diabetes, hypercholesterolemia, thrombosis, inflammation, etc. (i). Some of 
these new fields of polysaccharide applications have been clinically approved, while 
others are still controversial and have not been accepted for clinical purposes. 

An essential prerequisite to attributing distinct physiological effects to a 
polymer is a knowledge of its structure. Since defining the physiological activity of a 
polysaccharide depends on its level of purity, it is essential to utilize appropriate 
techniques for their isolation, purification and structure determination. 

The previous lack of interest in the therapeutic possibilities of carbohydrates is 
mostly a consequence of their complex structure, which has made both analysis and 

74 ©1998 American Chemical Society 
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synthesis extremely difficult The monomer units of a polysaccharide can be joined in 
many different combinations, each of which may have a different biological activity. 
Since there may be many different types of monosaccharides in a chain and since these 
can further be attached in many different ways, the resulting polymers are very 
complex. However, in nature there are a relatively limited number of polysaccharide 
structures. Furthermore, the number of possible conformations is also rather restricted. 

There are considerable differences in the physical properties of 
polysaccharides, such as solubility, rheology, gel-forming abilities, etc. Knowledge of 
these physical parameters are important prerequisites for possible medicinal application 
of these compounds. 

Biological systems, including the immune system, show a distinct need for 
regulation. Once an immune response is initiated, mechanisms must exist to control the 
extent of the effect and to regulate it over time. The response should be self-limited by 
the removal of the stimulatory compound. 

The so-called biological response modifiers (BRM) constitute a group of 
therapeutic agents capable of altering immunological responses. Although the 
mechanisms of action of immunomodulators are presumed to be very complex, part of 
their activity may proceed by a direct effect on the immune cells. This is a possibility 
for evaluating the potency of such compounds through measurements of cellular 
responses in vitro. The different assay methods should be adequate to measure the 
suppression or stimulation of the tested cellular systems. Some assays are more 
reliable, while others might be the result of an artifact It is always essential to combine 
several test models in order to obtain a reliable picture. 

In vitro tests have been shown to be very useful for evaluation of 
immunomodulation and for the comparison of potencies (2). Some in vitro tests 
correlate fairly well with in vivo animal models, but their validity for clinical use is still 
questionable. 

According to Wagner (3), immunomodulators are compounds predominantly 
leading to a nonspecific stimulation of the immunological defense system. They should 
not affect immunological memory cells and, therefore, have only a relatively short 
activity potential. Since their effect fades relatively fast, they have to be administered 
continuously or in regular intervals. This was shown to be the case, when 
polysaccharides, such as lentinan or schizophyllan, are being used as oncostatic 
(stopping tumor growth) polysaccharides (4). When preparations containing complex 
higher plant polysaccharides are utilized as nonspecific immunostimulators against 
bacterial or viral infections, a prolonged treatment period is needed (5). 

Screening Methods for Immunostimulants 

For an appropriate screening to evaluate potential immunomodulating compounds, 
many methods have been established which allow a determination of the functional 
state and efficiency of the cellular and humoral nonspecific immune system. The target 
cells include the granulocytes, macrophages, T-lymphocytes, NK-cells, and, finally, 
the classical and alternative pathways to complement activation. Very often the tests 
comprise various in vivo infection tests with microorganisms such as Candida, 
Listeria, Streptococcus and Staphylococcus (6). The scope of all test systems is to 
define cellular targets, to establish dose/response curves, to predict in vivo activity, 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

00
7

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



76 

and to evaluate toxicity. In some cases these test models can be utilized even in 
preclinical trials. The more recently developed flow cytometry has improved the 
methodology by selecting distinct cellular systems. 

It must always be seriously considered whether the data obtained with highly 
sophisticated in vitro models truly reflect the situation in vivo and are indeed relevant 
for an appropriate judgment of the efficacy of the system (7). As has been shown in 
the case of distinct polysaccharide structures, it was quite obvious that certain in vitro 
effects related to a stimulation of immune cell targets, did not correspond with the in 
vivo results (8). The exploration of the immunological functions by a specific drug 
must be followed in each case by the evaluation of the identical compound in the total 
complex biological system (9). 

Polysaccharides as Immunomodulators 

A series of new pharmacological activities of biopolymers, such as the 
polysaccharides, have been described (10). These polysaccharides were shown to 
differ in both structure and immunostimulating potencies. Since in some cases it was 
demonstrated that structure dependent effects against tumor cells via the immune 
system could be achieved, many publications appeared with a great variety of results. 
One of the first reviews about this topic was published as early as 1976 (77). Another 
overview in the field of the so-called antitumor polysaccharides appeared in 1987 (72). 
Later, many results came mainly from two research centers active in isolating new 
polysaccharides from different biological sources, evaluating the respective structures, 
and testing for specific immunostimulating activities (73). 

The immunostimulating potential of these newly detected biopolymers 
was described as mainly promoting the activity of macrophage phagocytosis and 
granulocytes, inducing the production of TNFa and interleukins, and acting on the 
complement system. It became obvious that all the different polysaccharide structures 
described elicit an immune response, when certain structural parameters are present, 
such as the triple helical polymer conformation. 

Isolation and Purification of Polysaccharides 

Since the biological activity of such polymers largely depends on its state of purity and 
the chemical structure, it is essential to utilize various modern techniques for their 
isolation, purification and structure determination. Polysaccharides are usually isolated 
by precipitation from non-dialysable fractions of the appropriate extracts from 
biological material. 

Uronic acid-containing polysaccharides mostly need dilute sodium hydroxide 
for their extraction. Specific salt concentrations are sometimes essential for a non
destructive extraction of certain polysaccharide types. The crude polysaccharide 
fractions are usually further purified by ion exchange, gel permeation, and affinity 
chromatography (14). 

The molecular weights of the polysaccharides are determined with a broad 
range of molecular sieves such as the Sepharoses or Sephadexes, or by ultracentifugal 
analysis (75). The degree of polymerization can be further determined using periodate 
oxidation or GLC after reduction of the reducing end groups (16). 
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Structure Determination of Polysaccharides 

In complex carbohydrates, the glycosidic linkages are usually determined by 
methylation analysis with the classical Hakomori method or a modification thereof 
(77). Identification of partially methylated alditol acetates are possible in standard 
procedures by GLC-MS (18). The determination of anomeric configurations of the 
different sugars present in a repeating unit, the detection of amino- or deoxysugars, 
and the identification of 0-acetyl groups and other non-sugar substituents can be 
routinely performed by *H and 1 3 C NMR spectroscopy. However, the amount of 
information obtained decreases with the increasing size and complexity of the 
polymers (79). 

Fungal Antitumor Polysaccharides - Lentinan and Schizophyllan 

The most important problems in cancer research are to increase the survival time of a 
patient and to prevent tumor recurrence after surgical resection. Cytocidal anticancer 
chemotherapeutics may have detrimental side effects and destroy the host's defense 
mechanisms. In addition, a possible induction of new tumors by cytotoxic agents might 
occur (20). On the other hand, there is good evidence for the existence of intrinsic 
resistance to cancer. The examples are an equilibrium state with proliferation, 
regression in a small amount of cancer cells, and spontaneous regression of cancer. An 
increase in this resistance is one of the goals for finding new anticancer drugs. One of 
the most interesting problems in cancer treatment is the recurrence after surgical 
resection of the primary tumor, which is caused by the development of 
micrometastasis. Unfortunately, postoperative chemotherapy has the disadvantages of 
insufficient effectiveness and a high level of more or less toxic side effects. 

In recent years, an increasing number of polysaccharides has been identified 
which possess physiological activities correlated to the immune system. Most of these 
polysaccharides have been isolated from Basidiomycetes. Furthermore, Oomycetes and 
Ascomycetes have been examined for their potential in providing immunological active 
polymers. Variations in both the structure and biological activity of Oomycetes 
antitumor glucans have been described (27). 

Probably one of the best studied polymers with pronounced immunostimulating 
activities is lentinan from the mushroom Lentinus edodes, which mushroom has long 
been used in oriental folk medicine as a therapy for cancer, lentinan was shown to be a 
hot water soluble natural glucan with a 6-1,3 structure and 6-1,6 branches and a 
molecular weight range from 400,000-800,000 (22). In vivo tests have shown broad 
antitumor effects in mice against a range of transplanted or induced sarcoma, 
fibrosarcoma, and carcinoma, lentinan has also been demonstrated to exhibit activity 
against metastasis of some tumors (23). Other model tumors, such as B16 melanoma 
were less responsive to a lentinan treatment (24). 

The optimal doses in these animal experiments were usually much less than the 
maximum tolerated dose, with larger doses showing a decreased anticancer activity. 
The immune system seemed to be involved by activating mainly the macrophages, 
leading to the assumption that in vivo effects are due to a stimulation of cell-mediated 
immunity. The exact mechanisms of action, however, remain obscure. 
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The first clinical trials with lentinan co-administered with mitomycin C and 5-
fluorouracil demonstrated a significant improvement of survival of advanced colorectal 
cancer patients (25). In another phase III clinical trial, stomach cancer patients were 
administered lentinan with tegafur while the patients in the control group received 
tegafur alone. This study showed a highly significant increase in survival of patients 
who received lentinan. The one year survival rate was increased from 2.9% (control) 
to 21.2% for the lentinan-treated patients. Of the lentinan treated patients, 2.5% were 
still alive after five years; whereas, all of the control patients had died after three years 
(26). Most interestingly, side effects were rare and neither serious nor pronounced. 

The antitumor effect, mediated by stimulation of the immune system, seems to 
be associated with the 6-1,3-basic structure of these glucans. However laminaran, 
pachyman, and other similar non-cellulosic B-glucans, which also possess 13-1,3 
linkages, are devoid of a pronounced antitumor effect These ineffective polymers have 
in part a monohelical tertiary structure; whereas, lentinan and related polysaccharides 
possess a triple helical architecture. Therefore, the possible antitumor effect is closely 
related to the type of glycosidic linkage, the tertiary structure, and tthe nature of the 
side chains (27). 

A second example of a fungal polysaccharide being potent as antitumor drug is 
sizofilan (schizophyllan or SPG), obtained from a highly viscous culture filtrate of 
Schizophyllum commune (28). SSPG has a 6-1,3 linked glucan backbone and side 
chains each comprising one glucose molecule bound to the main chain through 6-1,6 
glucosidic linkages at an interval of three glucose molecules. It has been confirmed by 
X-ray diffraction that SPG is a trimer having a triple helical structure (29). As in the 
case of lentinan, the antitumor effect of SPG in animals has been investigated using 
various transplanted syngeneic and allogeneic tumors. As a result, administration of 
the glucan alone and co-administration v/ith chemotherapy or radiotherapy were found 
to suppress tumor growth, increase anti-metastasis, and prolong the survival rate (30). 

Since no adverse reactions were observed in phase I clinical studies 
with SPG, phase II studies were conducted in patients with lung cancer, cancer of the 
digestive organs, head, neck and uterus. These studies reported that indeed SPG had 
antitumor effects and also improved the host's immunological parameters (28). No 
direct cytotoxic effects against tumor cells have been shown for SPG and lentinan. 
Their antitumor activity is mediated by a stimulation of the host's immune system. 
Therefore, the immunomodulating potencies of these glucans have been intensively 
investigated in order to clarify their specific mode of action. It was concluded that 
there are three main aspects for the mode of action of 6-1,3/1,6-glucans: 

1. Helper T-cell oriented immunopotentiation. 
2. Macrophage mediated nonspecific immunopotentiation. 
3. Non-immunological potentiation of the host's defense mechanisms through 

acute phase proteins, CSF, and the complement system. 

For SPG, it was shown that application of the glucan after 5-fluorouracil 
treatment resulted in considerably enhanced NK-cell proliferation. Furthermore, 
precursors of various mature cell types, including NK-cells, were found to differentiate 
and rapidly regenerate cells damaged by chemotherapy (31). These results suggest that 
administration of SPG after chemotherapy in general may be useful for cancer patients. 
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Phytophthora - Glucans: Structural Variations and Antitumor Activity 

Phytophthora parasitica is a phytopathogenic fungus belonging to the Oomycetes 
which is known to contain noncellulosic cell wall glucans (32). These glucans have 
some similarities to those described for the Basidiomycetes. One main difference is the 
presence of prolonged side chians compared to schizophyllan and lentinan and a 
relatively broad molecular mass distribution of 10-25 kDa. 

In earlier investigations, it was speculated that a high molecular mass of > 50 
kDa is an essential prerequisite for any glucan-mediated immunomodulation. With the 
isolation of water soluble 6-1,3/1,6-glucans from the cell walls of Oomycetes, it could 
be clearly demonstrated that even a molecular mass as low as 10 kDa still exhibits 
antitumor activity comparable to that of SPG, which has an average molecular mass of 
~ 450 kDa. An essential requirement seems to be a certain degree of branching of less 
than 33% for any effect against Sarcoma 180. The lower the degree of branching, the 
higher is the biological activity, as demonstrated by a comparison of the inhibition 
rates at a dose of 0.2 mg/kg. From these investigations, it could be concluded that a 
pronounced antitumor activity in different animal tumor models can be expected from 
low branched 6-1,3/1,6-glucans with relatively high molecular mass (33). 

Another representative of the Oomycetes, Pythium aphanidermatum was also 
examined for possible immunomodulating glucans. It is known that this fungus 
contains cellulose, instead of chitin, and other noncellulosic cell wall and storage 
glucans (27). The 6-1,3/1,6-cell wall glucan was shown to have a molecular mass of 
10 kDa and to be highly branched; whereas, the storage glucans with a similar basic 
structure and a molecular mass of 20 kDa was only slightly branched. It is interesting 
to note that both of these glucans were active against Sarcoma 180 in vivo, even 
though they have different degrees of 1,6-branching, 

Antitumor Activity of Chemically Modified B-1,3-Glucans 

Besides the typical conformation of such glucans, it is interesting to evaluate the 
influence of different side chain sugars. For this purpose, the 6-1,3-glucans, curdlan 
and lichenan, were chemically modified by attaching arabinose, rhamnose, D-glucose, 
and gentiobiose side chains. The antitumor activity of the newly branched 
polysaccharides was tested against the allogeneic Sarcoma 180 (21). The rhamnosyl 
and arabinosyl curdlan derivatives were the most active, but glucosyl and gentiobiosyl 
curdlan derivatives actually decreased the antitumor activity. The derivatives of 
lichenan showed no significant activity, except for the glucosyl derivatives with a low 
degree of branching. These data again were the proof for the fact that a 1,3-linked 
backbone is advantageous for any immunostimulating activity of the 6-glucans. It was 
further demonstrated in these studies that the derivatives of curdlan with pronounced 
antitumor activity had no ordered structures, such as triple helices (34). 

Biological Activities of Higher Plant Polysaccharides 

Most of the more detailed studies in the past have been carried out with defined 
polysaccharides from fungi, algae, and lichens, which have at least some common 
structural features in that the majority are 6-1,3-glucans with side chains. Many other 
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carbohydrate polymers are known, but these were rarely shown to be potent 
immunostimulators. 

The situation for higher plants is much more complex, both from the chemical 
point of view and from the multiplicity of the different actions upon the immune 
system (35). The most important source for higher plant polysaccharides is the cell 
wall, which has a great variety of matrix polysaccharides. These so-called 
hemicelluloses may be subdivided into xylans, mannans, and galactans, according to 
their sugar composition. 

Each group contains polysaccharides with considerable structural diversity. For 
the xylans, xylopyranose residues are B-l,4-linked to which arabinose, galactose, 
glucose or uronic acids can be attached. Mannans are mostly associated with glucose 
or galactose either in the backbone or as side chains. Galactans are very abundant, 
mostly as arabinogalactans, where the galactopyranose residues are linked 8-1,3. In 
close connection, the complex group of pectins is always found. The most abundant 
components of the pectin-polysaccharides are the polyuronic acids, which are made of 
galacturonic acid residues. They are often accompanied by arabinans and galactans. 
The polyuronic acids are mostly composed of unbranched chains of D-galacturonic 
acid, in which are inserted L-rhamnopyranosyl residues. 

Storage polysaccharides, such as the starch components (amylose and 
amylopectin), fructans, mannans, and galactomannans seem to be of lesser importance 
as immunostimulating biopolymers (36). 

Due to the great chemical variety, it is obvious that the different 
polysaccharides cannot have the same site of interaction in the complex human 
immune system. Therefore, at present, it is almost impossible to draw any 
structure/activity relationships, as is the case for fungal glucans. It is still extremely 
difficult to indicate which structural features are essential for a specific 
immunostimulating activity. There is a great diversity in the literature in view of the 
different test methods, in vivo and in vitro conditions, purity of the tested compounds 
(LPS-contamination), and dose-dependence (37). 

In many cases, the relationship between immunological activity in vitro for a 
specific polymer does not correlate with in vivo effects, such as for the antitumor 
effect (2). This might be due to the fact that the absorption of macromolecules and 
particles from the gut after orally application is still a matter of discussions. Whereas 
fungal glucans are only active after parenteral application, most of the higher plant 
polysaccharides are orally applied. However, an interaction with intestinal Peyer's 
patches could be an explanation. 

Some data have demonstrated an absorption of intact macromolecules across 
the gut (38). The question is still open as to whether and how the responsible cellular 
systems in the gut can recognize the great variety of the different polysaccharide 
structures. It must be remembered that in the daily diet of plant food, the body is 
constantly in contact with almost identical polymers. Since it is obvious that the 
various polysaccharide structures can not have the identical sites of attack in the 
immune system, several studies were carried out in order to examine the possible 
polysaccharide structure-related effects (3). As far as macrophage stimulation and 
further phagocytosis is concerned, these processes seem to be correlated mainly with 
uronic acid-containing arabinogalactans, 4-0-methyl glucuronoxylans, and neutral 
xyloglucans. On the other hand, the complement-activating polymers were shown to 
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be pectin-like macromolecules. Complement activation appears to be intrinsically 
associated with several immune reactions, such as the activation of macrophages and 
lymphocytes (37). 

It is still difficult to conclude a distinct polysaccharide structure-related 
interaction with defined cellular systems of the immune system. Some conclusions, 
however, might be drawn. The highly anionic pectin-like structures can activate the 
complement system via the alternative pathway. This activation is mainly expressed by 
the rhamnified regions. It was concluded that the combination of the 
rhamnogalacturonan and the neutral sugar chains are responsible for this kind of 
interaction. Mitogenic activity is associated with increasing size of the polysaccharides 
tested and, again, with the anionic charge of these macromolecules (3). Antitumor 
activity, mostly shown in vivo with the transplanted Sarcoma 180, can only be related 
to 8-1,3-glucan basic structures. The rhamnification of the basic glucan chain seems to 
play a modifying role (27). Other neutral or acidic polysaccharides seem to be inactive 
in most tumor test models. 

Induction of cytotoxic macrophages are correlated in vivo as well as in vitro 
with rhamnogalacturonans, mostly those rhamnified with arabinogalactan side chains 
(3). A clear cut correlation of defined structures with an increase in phagocytosis 
seems to be rather difficult and mainly dependent upon the test system utilized (6). In 
some cases, when pectic polysaccharides were tested utilizing bone macrophages, an 
increase of phagocytotic activity was demonstrated. However, utilizing pectin-like 
polymers from Ginkgo biloba (39), only a minor and nonspecific antitumor activity 
seems to be present. It is interesting to note that in these cases, where a phagocytotic 
induction with branched rhamnogalacturonans can be observed, that the activity is lost 
when the arabinogalactan side chains are cleaved and only the remaining highly acidic 
backbone is tested (7). 
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Chapter 8 

Secondary Metabolites from Plants as Antiretroviral 
Agents: Promising Lead Structures for Anti-HIV Drugs 

of the Future 

Eckart Eich 

Institute für Pharmazie II, Pharmazeutische Biologie, Freie Universität Berlin, 
Königin-Luise-Str. 2+4, D-14195 Berlin, Germany 

Retroviral integrase, a virally encoded enzyme (like reverse 
transcriptase and protease) could be another interesting target for the 
therapy of HIV infections. Herbal constituents and their derivatives 
belonging to different structural classes, e.g. lignans, flavonoids, and 
curcuminoids, turned out to be first inhibitors of this enzyme. Studies 
on structure/activity relationships showed that the most potent of these 
compounds may be described in general as consisting of two aryl units 
containing the 1,2-dihydroxy pattern each, thus forming bis-catechols 
separated by an appropriate linker segment. On the basis of these 
specific integrase inhibiting leads which, however, lack antiviral 
activity, the development of HIV-inhibiting compounds is in progress 
as recent results with a bis-coumarin derivative show. 

Herbal extracts, as well as pure plant constituents, with elucidated chemical structures 
have been screened from species of numerous plant families with respect to antiviral 
properties. This has been so, particularly during the past two decades. Indeed a large 
number of compounds from almost all classes of secondary metabolites, show 
confirmed activity in special in vitro screens of many different pathogenic viruses. 
Nevertheless, the contribution of phytomedicines to the treatment of viral infections 
has been rather limited to date. A cream containing 1 % of a specially prepared dried 
extract from lemon balm leaves (Melissa officinalis L. , Labiatae), has been introduced 
to the German market for local therapy of herpes simplex of the skin. The effect of this 
melissa cream in the topical treatment, is statistically significant as proven by clinical 
studies (1, 2 J. On the other hand, constituents of plants could serve as useful leads for 
developing the antiviral drugs of the future. This review focuses on such leads from 
well-known medicinal plants in the field of human immuno-deficiency viruses (HIV), 
with emphasis on a novel target, retroviral integrase. 

©1998 American Chemical Society 83 
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Arctigenin, the First Integration Inhibiting Agent in HIV Infected Cells 

(-)-Arctigenin 1, a lignan isolated from the pantropical climbing shrub Ipomoea 
cairica (L.) SWEET belonging to the morning glory family (Convolvulaceae) (3), 
proved to be a potent inhibitor of HTV-1 replication in different human cell systems 
(4,5). I. cairica is a medicinal plant of various ethnomedicines in West Africa (6). On 
the other hand, 1 is also a constituent of certain species of the daisy family 
(Compositae), e.g. Arctium lappa L. , the greater burdock (7), which is used in Chinese 
traditional medicine (Niu bang) (8). This lignanolide turned out to be an efficient 
inhibitor of the nuclear matrix associated DNA topoisomerase n activity. 

R = C H 3 : H-Arctigenin (1) 
R = H: 3-O-Demethyl-

arctigenin (3) 

Thus, initially it was assumed that it showed anti-HIV activity due to prevention 
of the increase of activity of this mammalian enzyme involved in virus replication. 
However, using the polymerase chain reaction (PCR) technique to determine the 
degree of integration of proviral DNA into the cellular D N A genome after 6 days of 
incubation, a strong suppression of the HTV-1 integration could be observed (9,10). 
From these results it was concluded that the anti-HIV effect of arctigenin 1 is primarily 
caused by inhibition of the HIV integration reaction rather than by inhibition of D N A 
topoisomerase II. Until this discovery, no compounds with HIV integration inhibiting 
properties had been found. 

HTV Integrase in vitro Assay 

In principal there is the possibility for the development of multiple classes of antiviral 
agents that could act at each respective stage of HIV replication, e.g. attachment, 
penetration, uncoating, and reverse transcription. These antiviral agents could act at an 
early stage of the HIV life cycle, or at different later stages, e.g. as protease inhibitors 
in the maturation stage. To date, only inhibitors of reverse transcriptase and protease 
have been found to be of therapeutic relevance. For many years, pharmacological 
antiretroviral research, with virally encoded enzymes as targets, has focused principally 
on agents that inhibit these two enzymes. 

The protein catalyzing the integration observed in the studies with arctigenin 1 is 
a target which had been vastly neglected until the early 1990s. This protein is called 
retroviral or HIV integrase and is contained within the virus particle. It integrates a 
double stranded DNA copy of the viral RNA genome, synthesized by reverse 
transcriptase, into a host chromosome (11, 12). This represents the last, and somehow 
decisive, step of the viral infection: the point of no return. 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

00
8

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



85 

The development of an in vitro assay for HIV-1 integrase function, in the early 
1990s, permitted testing of potential inhibitors. The recombinant integrase enzyme 
produced via an Escherichia coli expression vector uses a blunt-ended 21-mer duplex 
oligonucleotide as both the specific donor and nonspecific target substrates. The initial 
step in the enzymatic reaction involves nucleolytic cleavage (= 3'-processing). It 
liberates the 3'-terminal dinucleotide GT, producing a 19-mer oligonucleotide from the 
32P-labeled 21-mer duplex substrate. The resultant 3'-termi-nal dA hydroxyl is the 
donor substrate for the second step, the subsequent joining to a 5'-phosphate of a 
second 21-mer duplex oligonucleotide. The nucleophilic attack on the phosphodiester 
bond of the target substrate leads to the DNA strand transfer or integration reaction. 
Thus, this reaction is a transesterification cutting the target D N A (in vivo: the host 
DNA) and binding its 5'-end to the viral DNA's just shortened 3'-end. It results in the 
insertion of one 3'-processed oligonucleotide into another nucleotide, yielding higher 
molecular weight species with slower migration in electrophoretic separation 
procedures than the 21-mer substrate (for further details see 13-16). 

Plant Constituents as Leads for HIV Integrase Inhibitors 

Arctigenin and CAPE. The results in this enzyme assay for arctigenin 1, however, 
were not up to the expectations: the compound was almost inactive (13-16). A 
structural comparison of 1 with another recently discovered HIV-1 integrase inhibitor, 
caffeic acid phenethylester (CAPE) 2 (17), a secondary metabolite from the buds of 
poplar trees (Populus spp., Salicaceae) as well as a constituent of bee propolis, shows 
surprising similarities. On the other hand, an important difference is the presence (2) or 
lack (1) of a catechol partial structure (two adjacent hydroxyl groups). This led to the 

assumption that the corresponding 3-O-demethylated derivative 3 ought to be active. 
Indeed, this was confirmed (13-16). Compound 3 exhibited remarkable activities in 
both integrase assays: the cleavage or 3'-processing step was inhibited by 57 % at a 
100 p M concentration of the compound, and the integration or strand transfer step 
was inhibited by 52 % (Figure 1). Thus, the observed integration inhibiting effect of 1, 
in the HIV-infected human cell systems (9,10), could be due to metabolization of 1 to 
the 3-0-demethylated derivative 3 during the incubation. Therefore, arctigenin 1 
probably acts as a "prodrug" which may easily enter the cell due to its more lipophilic 
character compared with 3. Such a metabolization was confirmed at least in V79 

Caffeic acid phenethylester (CAPE) (2) 
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5 7 % 5 2 % 

Q a) LiBH 4 / THF 

b) p-toluenesulfonic 

acid/CH 2 CI 2 

H3C0. 

3-O-Demethylarctigenin (3) 

benzylamine/ 
CH 2CI 2 

3,4-0,0-Didemethyl-
brassilignan (4) 

LiBH 4 /THF 

< 5% < 5% 

H3CO, 

H,CO' 

< 5 % < 5 % 

CHoOH 

CH20H 

3 - 0 Demethyl-arctigenJc 
acid benzylamide (5) 

3-<3-Demethyl-4'- O-methyl-
secoisolariciresinol (6) 

Figure 1: Derivatisation of the monocatechol 3 demonstrating the importance of 
the lactone moiety for the inhibition of the HIV-1 integrase reaction steps. First 
values represent the inhibiting activity for the cleavage (= 3'-processing) step, 
second values for the integration (= strand transfer) step at a concentration of 
100 pM. 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

00
8

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



87 

Chinese hamster cells genetically engineered for stable expression of the rat single 
cytochrome P450 isoform 2B1 (18). 

The activity of 3 led to detailed studies on structure-activity relationships with 
natural lignans of different types, as well as with certain semisynthetic, and also 
completely synthetic, analogs (13-16). The importance of the lactone moiety is clearly 
demonstrated by the fact that there is an almost complete loss of activity, in spite of a 
catechol moiety, if the carbonyl oxygen is lacking (4), if a corresponding amide is used 
(5), or if the lignanolide is reduced to (6) (Figure 1). On the other hand, the synthetic 
racemic fra/w-cyclopentanone lignan analog 7 exhibits differential 

(±)-rrarts-2-(3,4-Dihydroxybenzyl)-
3-(3,4-dimethoxybenzyl)cyclopentanone (7) 

results in the two assays. The integration step is inhibited to a certain degree (38%; 
100 | iM), in contrast to the cleavage step (<5%). Retaining the lactone moiety, the 
influence of the number of phenolic hydroxy groups, and also the influence of the 
arrangement of these groups is decisive: if the catechol moiety is situated in the 
"upper" part of the lignanolide structure (Figure 2), the corresponding compound 8 
shows less, and differential, activity compared with 3, the catechol substructure of 
which belongs to the region "below." The synthetic racemic frans-lignanolide 9 with 
three vicinal hydroxy groups (pyrogallol moiety) is inactive in contrast to the 
corresponding catechol 3. The bis-catechol congener 10, however, turned out to be 
the most active compound for both assay functions. Total inhibition of the enzyme 
could be observed at 100 p M concentrations. The corresponding IC50 values 
(indicating those concentrations for which a 50 % inhibition is exhibited) confirm the 
potency of this bis-catechol 10. Since 1993,10 has been used as a reference compound 
in the research program of the French Rhone-Poulenc-Rorer company for the 
development of HIV integrase inhibitors (19). 

a-Conidendrin. In 1995, an NIH-conference on retroviral integrase, the first and 
currently the only meeting on this enzyme, took place in Bethesda, M D . During this 
meeting there was a report on a closely related bis-catechol 11, a-conidendrol, which 
was ten times more active than 10 (Figures 3 and 4) (20, 21). It had been the most 
active of 8000 natural and synthetic compounds in a random screening using a novel 
rapid assay for the strand-transfer reaction (22). A comparison of the two structures 
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3-aDemethylarctigenin (3) 3'-ODemethylmatairesinol (8) 

3-0-Demethyl-5-hydroxyarctigenin (9) 3,3"-aO-Didemethylmatairesinol (10) 
(±)-2$-trans 

Figure 2: Influence of the number and the positions of phenolic hydroxy groups 
on the inhibition of the HIV-1 integrase reaction steps. First values represent the 
inhibition activity for the cleavage (= 3'-processing) step, second values for the 
integration (= strand transfer) step at a concentration of 100 uM. In the case of 
10 the data below show the corresponding IC5o values. 
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H 3CO 

HO 

(-)-Arctigenin (1) 
e. g. Ipomoea cairica 

(Convolvulaceae) | 3 

OCH 3 

H.CO 

H Demethylation 
(AICI3/pyridine) 
— — • Monocatechol (3) 

Monocatechol (8) 

(-)-Matairesinol (12) 
e. g. Forsythia intermedia 

(Oleaceae) 

a-Conidendrin (13) 
e. g. Tsuga, Picea, Larix spp. 

(Pinaceae) 

(AICI3/pyridine) 

3,3-0,0-Didemethyl-
matairesinol (10) 

a-Conidendrol (11) 
(= 0,0-Didemethyl-
a-conidendrin) 

Figure 3: Biogenetic precursors of the mono- and bis-catechol lignanolides and 
plant sources for their semisynthetic preparation. 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

00
8

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



90 

3,3'-0, O-Didemethylmatairesinol (10) 

lead structure: (-)-arctigenin (1) 

lead structure: a-conidendrin (13) 

Figure 4: Semisynthetic bis-catechols i 
ICso values for the integration (= strand 

O 

Dihydrocaffeic acid p-(3,4-dihydroxy-

phenylethyl)amide (18) 

lead structure: CAPE (2) 

O O 

Dicaffeoylmethane (17) 

lead structure: curcumin (15) 

HIV-1 integrase inhibitors with their 
insfer) step. 
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shows that the only difference between 10 and 11 is the ring closure to a so-called 
rerrolignanolide, thus fixing the molecular structure (Figure 4). Whereas 10 is 
obtainable by demethylation of the inactive natural matairesinol 12, from e.g. a 
Forsythia species (Oleaceae), 11 can be prepared from natural a-conidendrin 13, 
which is a typical constituent of the wood of many Pinaceae species, where it is 
biosynthesized from 12 (Figure 3). 

Specifity of Lignanoid Bis-Catechols. It can be convincingly demonstrated, that 
the inhibiting activity of these lignanoid bis-catechols is a specific one with respect to 
HIV integrase (21). B-Conidendrol 14, which is the cw-isomer of 11 and is as active as 
the latter, did not inhibit a variety of nucleic acid-processing enzymes like EcoRI 

a-Conidendrol (11) P-Conidendrol (14) 

(restriction enzyme), HTV-1 reverse transcriptase, HeLa RNA polymerase n, 
mammalian topoisomerase I, and mammalian topoisomerase II. The observation that 
14 did not affect these assays suggests that this compound does not interact 
nonspecifically with nucleic acids. 

Curcumin. Since ancient times turmeric rhizomes have been used as medicinal 
plants and as spices in South and South East Asia. Curcuma longa (Zingiberaceae), 
the long rooted turmeric, is a famous example as an ingredient of Indian curry. The 
German pharmacopoeia includes the rhizoma of C. xanthorrhiza from Java/Indonesia. 
A major constituent is curcumin 15, the yellow colouring dye of turmerics, which 
exhibits a variety of pharmacological effects (23). Compound 15 is also an inhibitor of 
HTV replication and is currently in clinical trials with AIDS patients (24). Its 
mechanism of action against HIV is complex and not totally understood. In 1993 it 
was reported that 15 is a potent inhibitor of HIV-1 LTR-directed gene expression, p24 
antigen production, and remediated transcription (25). Furthermore, it has been 
demonstrated that 15 is a very interesting lead for HTV protease inhibitors. The 
moderate activity of this compound could be increased dramatically by dimerisation in 
a boron complex 16 (Table I) (26). However, 15 exhibits only modest activity as an 
inhibitor of HTV-1 integrase, whereas, again, the bis-catechol character of its 
semisynthetic derivative dicaffeoylmethane 17 lead to a potent inhibitor (27). There 
seems to be potential in combining the decisive partial structures in order to develop 
an inhibitor for attacking differential virus targets. Such dual, or even multiple 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

00
8

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



92 

inhibition, would be of therapeutical advantage. High-dose monotherapy with a drug 
possessing only one mechanism of action, exerts a high selective pressure for the 
generation of mutant viruses. Therefore, clinical benefits are only short term before 
resistance and decreased susceptibility arise. 

Table I. Inhibition of HIV Proteases and Integrase by Curcuminoids 
(IC5o cone; pM) 

HIV-1 HIV-2 HIV-1 integrase: 
protease protease cleavage integration 

Curcumin 15 100 250 150 140 
Dicaffeoylmethane 17 n.d. n.d. 6 3 
Boron complex 16 6 5 n.d. n.d. 

n.d. = not determined 

°*° cr 
o o 

Curcumin-boron-complex chloride (16) 

Common Structural Properties of Integrase Inhibitors of the First Generation 

Figure 4 summarizes the semisynthetic bis-catechols obtained from different plant 
constituents, including the most active derivative 18 of the caffeic acid phenethylester 
(CAPE) lead (28). A l l four compounds are characterized by certain common structural 
features. There is a strong correlation between potency and the number and 
arrangement of hydroxyl groups in all four leads. The main result of the structure-
activity relationship study on arctigenin derivatives, namely that only the bis-catechol 
congener 10 is a really potent inhibitor (13-16), has also been subsequently confirmed 
for the other three leads (21, 27, 28). Compounds with one catechol moiety generally 
show only moderate inhibiting activities. The relative potency of the compounds in 
each structural set demonstrates that inhibitory activity is associated with the specific 
spatial disposition of the hydroxyl groups. The active pharmacophore is a bis-catechol, 
or more precisely: the most active compounds contain two pairs of adjacent hydroxyls 
on nonadjacent benzene rings. A certain fixed orientation of the bis-catechol moieties 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

00
8

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



93 

seems to be of advantage, as shown by the increased activity of the conidendrine 
derivatives 11 and 14 compared with the others. It is striking that in addition all four 
leads in Figure 4 possess at least one three membered side chain including a carbonyl 
function (17,18) or an analogous partial structure integrated into a ring system (10, 
11). Comparable results were obtained in structure-activity relationship studies on 
further natural compounds like flavonoids (29) and rosmarinic acid 19 which 
represents a natural derivative of CAPE (27). 

O 

Rosmarinic acid (19) 

Mechanisms of Action 

A l l these active compounds are also potent inhibitors of the "disintegration" reaction, 
an apparent reversal of the natural integration step of the enzyme (for details see 76, 
30). This inhibitory effect is also exhibited on disintegration catalyzed by a deletion 
mutant integrase, the so-called truncated enzyme lacking the N-terrninal zinc finger 
region and the C-terrninal DNA binding region. Thus, it can be proven that the core 
domain of HIV-1 integrase represents the common site of action. 

The prominence of catechol moieties in the structure-activity relationships could 
suggest oxidation-reduction and divalent metal chelation as factors in the mechanism 
of inhibition of HIV integrase. However, there is evidence that neither factor is likely. 
It was impossible to overcome the B-conidendrol-(14)-mediated inhibition by adding 
extra zinc, manganese, or magnesium to the cleavage reaction (21). However, it is 
proposed that coordination of the hydroxyl groups to the carboxylate groups present 
in the integrase active site, could inhibit binding of the DNA phosphodiester backbone, 
in such a way that an appropiately positioned transition state could not be generated. 
This hypothesis awaits further analysis via co-crystal structures of integrase bound to 
drug candidates (31). 

Developments Based on the Catechols 

Unfortunately, none of these bis-catechols exhibit antiviral activity in cell cultures. The 
reasons may be trivial: lack of cell penetration or instability in the several days 
incubation. On the other hand, it is possible that there are significant differences 
between the in vitro and in vivo reactions catalyzed by the enzyme. In order to enable 
such an inhibitor to enter the cell, it could be applied to cell cultures as a "prodrug" 
which liberates the active drug by means of a mammalian enzyme inside the cell To a 
moderate extent this seems to happen with arctigenin 1, as already mentioned above. 
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Another possibility would be to introduce a lipophilic moiety into a highly active, 
hydrophilic bis-catechol. This could enable the inhibitor to pass through the 
cytoplasmic membrane while, hopefully, allowing the inhibiting activity to be 
conserved. 

Very recently, a novel stage in the development of integrase inhibitors has been 
reached on the theoretical basis of the catechols. Again, an old medicinal plant is 
involved: the sweet clover, Melilotus officinalis (L.) Pall. (Fabaceae). The formation 
of dicumarol synthesized by certain fungi in improperly cured sweet clover hay (Figure 
5), causes a well-known severe cattle disease. Dicumarol inhibits blood coagulation 

or " Melilotus spp. 
C OH (Fabaceae) 

• cc C — O H 

0-Coumaric add (20) 

Melilotus spp. 
(Fabaceae) 

od 
Meliloticacid (22) 

^ Aspergillus spp., 

if Penicillium spp. 

(Ascomycetes) 

OH 

Coumarin (21) Dicumarol (23) 

integration 
ICSQ: 0.8 uM 

HIV-1 in vitro 
ICSQ: 11.5UM 

protease 
ICSQ: 1.7 uM 

N S C 158393 ( 2 4 ) 

Figure 5: Antiviral, anti-integrase, and antiprotease activity (HIV-1) of the 
phenyl linked dimeric dicumarol conjugate NSC 158393 (24). 
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and is clinically used to prevent thromboses etc. An interesting dimeric compound, 
NSC 158393 (24), displayed complex activities (30). It is a dual inhibitor, two 
enzymes are strongly inhibited. It even shows a remarkable antiviral activity. The two 
dicumarol pharmacophores are joined by a phenyl linker. Apparently this compound 
does not include a bis-catechol substructure. However, there are also four hydroxyls as 
well as carbonyl functions. It has been developed from a dicumarol derivative 
discovered through pharmacophore mapping of the known catechol integrase 
inhibitors, and a 3 D pharmacophore search of the NCI open 3 D database of 207,000 
compounds. 
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Chapter 9 

Herbal Laxatives: Influence of Anthrones-
Anthraquinones on Energy Metabolism and Ion 

Transport in a Model System 

H. W. Rauwald 

Department of Pharmacy, Pharmaceutical Biology, Universitiy of Leipzig, 
D-04103 Leipzig, Germany 

There is good evidence that anthrones/anthraquinones, known as active 
metabolites of emodin-type O- and C-glycosyl compounds which are 
found in many plant laxatives, influence the ion transport across colon 
cells, although the target transport systems have not yet been 
elucidated. There are various contradictory results used to explain the 
laxative action of these drugs. To elucidate this problem we tested 25 
different anthrone/anthraquinone metabolites of plant drugs for their 
influence on different ion transport systems in Ehrlich cells as a model 
system. Comparing the laxative potency of these substances with their 
influence on the different ion transport systems involved in trans
-epithelial ion transport makes it possible to exclude some transport 
processes as primary targets of the drugs. The following results were 
found: (1) Na + -K + -2Cl - cotransport was not inhibited by any of the 
substances tested. (2) Na+/K+-ATPase (pump) was inhibited by those 
1,8-dihydroxyanthrones/anthraquinones that bear an additional 
phenolic hydroxyl group. This inhibition is indirect by interference with 
oxidative ATP production. However, there is no correlation to laxative 
action. (3) Cation channels were not influenced by these drugs. (4) Cl-

-channels were inhibited significantly by those drugs that also show a 
laxative action. It is not clear, whether this effect is due to a direct 
interference with the channels or indirectly due to influences on the 
signal cascade triggering the transport. These results make it very 
likely that inhibition of Cl--channels is the primary action responsible 
for the laxative effect. Interference with oxidative ATP production as 
an additional effect may explain the known synergistic action described 
for the combination of different anthrones/anthraquinones or 
anthranoid drugs, respectively. 

©1998 American Chemical Society 97 
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Part 1. Influence on Energy Metabolism: An Approach for Interpretation of 
Known Synergistic Effects in Laxative Action? 

Plant drugs containing emodin-type anthranoids are world-wide the main contingent 
of phytopharmaceuticals (such as aloe, senna, rhubarb, frangula or buckthorn, and 
cascara) used against constipation. Although these drugs are widely used, their 
pharmacological action, like constipation itself, is nevertheless not yet fully 
understood. In recent years progress has been made in understanding gastrointestinal 
motility. The specific physiological influence of individual anthranoids, mainly the 
senna drug-derived metabolites rhein/rheinanthrone, on colon motility has gained 
increasing interest (7,2). However, attempts to explain the mechanism of then-
laxative action on the cellular level have not yet been successful and have been almost 
solely confined to senna drug-derived metabolites. Several influences on metabolic 
reaction are described that may help understanding the laxative action of the 
compounds. For some of these substances, influences on prostaglandin E synthesis 
(rhein/rheinanthrone) or on inhibition of the sodium potassium pump were shown (for 
recent reviews on senna see 3, 4). Some anthraquinones or anthrones, respectively, 
known as active metabolites of emodin-type anthranoids (5, 6) are able to inhibit the 
Na +-K +-ATPase activity of animal cells. The mechanism of this effect, however, is a 
matter of some controversy: it may be direct, inhibiting the enzyme, or indirect, 
interfering with the ATP supply for the enzymatic reaction by reducing ATP 
generation. Some authors describe an inhibition of the respiratory chain (e.g. 7), while 
others propose an uncoupling of oxidative phosphorylation (e.g. 8). Both effects 
would reduce cellular ATP content and therefore indirectly influence Na+-K*-ATPase 
activity. To investigate which anthranoids inhibit cation transport and whether this 
inhibition is direct or indirect, studies on Ehrlich cells were performed to test the 
influence of fifteen different anthraquinones, ten corresponding anthrones, as well as 
three glycosylated characteristic genuine plant constituents on cation transport (Na+-
K+-2C1" cotransport, Na + -K -ATPase activity) and ATP content of the cells. 

The results obtained by testing this broad spectrum of both anthrone and 
anthraquinone forms may show possible differences in activities between these 
oxidation stages or their variations in molecular structure and may help to elucidate 
structure-activity relationships yet unknown, apart from the known essential 1,8-
dihydroxylation. Finally, the inhibition found has to be compared with the 
pharmacological action of these anthranoids, especially with the known synergistic 
effects described for the combination of different anthranoid drugs (e.g. 9-77) or 
individual anthraquinones/anthrones, as recently demonstrated (72). For example, 
combinations of aloe and frangula or senna and frangula were shown to be more 
potent than extracts of the individual drugs (70,77,75). 

Studies on Ehrlich ascites tumor cells were performed to test the influence of 
various free anthraquinones and anthrones (10 5 M) on the following parameters: 
inhibition of Na^I^pump; inhibition of Na+-K+-2C1" cotransport; reduction of ATP 
content; and influence on mitochondrial energy metabolism (for methods for EAT 
cells see refs. 78, 29, 41; for methods for Na+-K+-2C1" /Na+-K+-pump see 40, 43, 44; 
for comparison and transferability to colon cells see 79, 40, 42) The results obtained 
on testing the fifteen different anthraquinones and ten corresponding anthrones listed 
in Table I showed a structureactivity relationship which is summarized as follows: 1,8-
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dihydroxy-anthraquinones and -anthrones with an additional phenolic hydroxyl or 
carboxyl group, for example frangulaemodin and its anthrone, inhibit drastically the 
Na + -K + pump, while compounds without an additional phenolic hydroxyl group, for 
instance aloeemodin or its anthrone, despite being effective laxatives showed no 
influence on Na^K* pump activity (Figure 1). The graph illustrates this behavior for 
five representatives of the first group and seven representatives of the second group. 
The filled bars show the rate of K* transport via the Na + -K + pump, as characterized by 
the ouabain-sensitive component of the uptake of 8 6 Rb + . The crossed bars show the 
K + transport via the Na +/K72Cr cotransporter, as characterized by the piretanide-
sensitive component of the uptake of 8 6 Rb + . The pump flux was drastically inhibited 
by substances of the first group represented by frangulaemodin and its anthrone, 
alaternin (2-hydroxyfrangulaemodin), and by rhein and its anthrone, while no or minor 
influences were seen by substances of the second group represented by aloeemodin, its 
anthrone, some other anthraquinones without an additional phenolic hydroxyl group, 
and by alizarin-type anthraquinones. This group also showed no influence on the 
piretanide-sensitive uptake. The moderate reduction - in piretanide sensitive uptake 
observed for representatives of the first group is the indirect result of the pump 
inhibition, since the furosemide-sensitive transport is a secondary active process 
depending on the ion gradients build up by the pump. Therefore, the Na+-K+-2C1" 
cotransporter is an unlikely target for the laxatives, since no direct inhibition of this 
transport system could be shown. 

By these experiments it cannot be decided whether the inhibition of the pump 
flux is due to a direct influence on the transport protein or an indirect one due to 
reduction in energy supply by reduction of cellular ATP-level. Therefore, the 
influence of frangualemodin and its anthrone on the pump flux was studied in the 
presence and absence of glucose as additional energy supply (Figure 2). Glucose 
alone stimulates the transport indicating that the endogenous energy support is not 
sufficient for optimal transport. While in the absence of glucose, transport inhibition is 
clearly seen, the effect is less pronounced in the presence of glucose. This observation 
can be explained by assuming that frangulaemodin does not influence the pump 
directly, but indirectly by interfering with the energy supply of the pump by inhibiting 
the ATP production by inhibiting oxidative phosphorylation. In addition, one can 
speculate that aloeemodin and other compounds that do not reduce the pump flux may 
have no influence on cellular ATP content. To test this assumption, the cellular ATP 
content was measured as a function of time after addition of the relevant anthranoids 
to the incubation medium (Figure 3). One sees a pronounced difference between the 
two emodin types—while frangulaemodin and its anthrone reduce the ATP level with 
a time constant of approx. 1 minute, aloeemodin shows a less pronounced influence. 
Thus, the anthranoids which inhibit pump flux also reduce the ATP content of the 
cells. This inhibitory effect of frangulaemodin on ATP content is not observed in the 
presence of glucose. 

There are two different possibilities to explain how a substance may inhibit 
oxidative energy production. One class of substances, the uncouplers, prevents ATP 
production without inhibiting oxidation. The other class inhibits oxidation by 
inhibiting the respiratory chain or enzymes of the citrate cycle. We tested this 
alternative by measuring the rate of oxidative decarboxylation of pyruvate by the 
pyruvate dehydrogenase complex (Figure 4). The graph shows the amount of 
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•I Pump H cotransport 

Figure 1. Influence of anthraquinones/anthrones on Na7K+-pump and 
Na7K+-2Cr-cotransport Ehrlich celis were preincubated in Krebs-Ringer-
phosphate buffer for 10 minutes with various anthraquinones and anthrones (10"4 

M). K+- ( 8 6 Rb) uptake was then measured for 5 min. C, control; FE, 
frangulaemodin; FEa, frangulaemodinanthrone; Alat, alaternin; Rh, rhein; 
Rha,rheinanthrone; AE, aloeemodin; Aea, aloeemodinanthrone; Chry, 
chrysophanol; Chrya, chrysophanol-anthrone; D, danthron; Da, dithranol; Ali, 
alizarin; A, aloin A/B; GF, glucofrangulin A/B). 
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control FE 

without glucose 
FEa control FE FEa 

with glucose 

Figure 2. Influence of glucose on Na7K + - pump inhibition by 
frangulaemodin/anthrone. Ehrlich cells were preincubated in Krebs-Ringer-
phosphate buffer for 10 minutes with ΙΟ"4 M frangulaemodin (FE) or 
frangulaemodinanthrone (FEa) with or without 10 m M glucose. K + - ( 8 6 R b ) 
uptake was then measured for 5 min. 

8-

u " t τ 1 1 1 1 1 1 1 
0 2 4 6 8 10 12 14 16 

minutes 

Figure 3. Influence of frangulaemodin/-anthrone and aloeemodin/-anthrone 
on A T P content. Ehrlich cells were preincubated in Krebs-Ringer-phosphate 
buffer for different times with 5xl0" 5 M frangulaemodin ( • ) , frangula
emodinanthrone (+), aloe-emodin (*), or aloeemodinanthrone ( • ) . 
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radioactive labeled CQ2 generated from 1-C 14-labeled pyruvate. One sees that the 
uncoupler FCCP stimulates this reaction by increasing the oxidation of N A D H formed 
during the reaction, while antimycin, which prevents oxidation of N A D H , drastically 
inhibits the oxidative decarboxylation of pyruvate. Since frangulaemodin behaves like 
antimycin and not like FCCP, it behaves as an inhibitor and not as an uncoupler under 
this condition. This type of experiment cannot elucidate which step in the citrate cycle 
or respiratory chain is inhibited. The reduction in oxidative decarboxylation of 
pyruvate is not observed by substances of the aloeemodin-group, lacking an additional 
hydroxyl group. For frangulaemodin, which shows structure similarity to ubiquinone 
(CoQ), we have some preliminary results that it inhibits electron transfer from 
complex I and/or II to complex III of the respiratory chain. Frangulaemodinanthrone 
may have an additional target at cytochrome c. It may also compete with cytochrome 
Ci for reduction of cytochrome c, thus preventing electron flow from cytochrome Ci 
to cytochrome c. To test this possibility, a solution of oxidized cytochrome c was 
incubated with Frangulaemodinanthrone. Figure 5 shows the increase in reduced 
cytochrome c as a function of time after addition of Frangulaemodinanthrone and the 
well-known antipsoriatic dithranoL One sees that Frangulaemodinanthrone reduces 
cytochrome c, while dithranol, a representative anthrone of the second group, has 
almost no effect 

Our results show that free 1,8-dihydroxyanthrones and -anthraquinones with 
an additional phenolic hydroxyl group or an carboxyl group inhibit Na +-K +-ATPase 
activation by reducing ATP level resulting from an interference with oxidative ATP 
production, while their corresponding O- and C-glycosyls—like aloins or 
glucofrangulins—have no influence (Table I). This is in agreement with the results of 
other authors who have demonstrated inhibition of Na+-K+-ATPase by several 
anthranoids (14, 15). The question still remains open whether this inhibition is 
sufficient to explain the observed laxative effects. There is no doubt that Na + -K + -
ATPase is an essential part of the ion pumping system of the intestinal mucosa. 
However, it is not known whether the activity of this enzyme is rate-limiting under in 
vivo conditions and, therefore, whether or not partial inhibition of Na^K*- ATPase by 
anthranoid laxatives is a detennining factor for the inhibition or even the reversal of 
the sodium and fluid net transfer in the gut. 

Furthermore, the results show that the inhibitory action of 
anthrones/anthraquinones on ion fluxes via the Na + -K + pump results indirectly from 
reduction in the cellular ATP level due to interference with oxidative energy 
metabolism. Anthrones/anthraquinones with an additional phenolic hydroxyl group or 
a carboxyl group may act as uncouples or inhibitors of oxidative phosphorylation, as 
was postulated by Verhaeren (75). On the contrary, our results measuring pyruvate 
dehydrogenase reaction show that the compounds inhibit oxidative metabolism and 
are in agreement with those of Ubbink-Kok et aL (7) who showed that some free 
anthrones/anthraquinones interfere with electron transfer in the respiratory chain. It is 
likely that frangulaemodin influences electron flow from complex I (NADH : 
ubiquinone oxidoreductase) and/or complex II (succinate dehydrogenase) to complex 
III (ubiquinone : cytochrome c oxidoreductase). We have shown an additional effect 
of frangula-emodinanthrone, that competes with cytochrome Ci for reduction of 
cytochrome c, thus preventing electron flow from cytochrome Ci to cytochrome c. 
Since cytochrome c is reoxidized via complex IV, oxygen consumption may increase 
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Figure 4. Influence of frangulaemodin on the pyruvate dehydrogenase 
reaction. Ehrlich cells were preincubated in Krebs-Ringer-phosphate buffer for 
10 minutes with 5xl0~ 5 M frangulaemodin (FE), ΙΟ"4 M antimycin, or ΙΟ"6 M 
F C C P . Decarboxylation of 1 m M l- 1 4C-pyruvate was then measured for 20 min. 

0 50 100 150 200 250 
seconds 

Figure 5. Reduction of cytochrome c by frangulaemodinanthrone and 
dithranol. Oxidized cytochrome c (50 μΜ) was incubated for 250 seconds with 
150 μ Μ frangulaemodinanthrone (•) or dithranol (A). The reduction of 
cytochrome c was measured photometrically. 
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Table I. Influence of anthraquinones and corresponding anthrones on Na7K+-
pump and oxidative energy metabolism. 

OH O OH 

Compound Ri R 2 R 3 R4 Rs R6 P.I. ATP(-) ILL 
Frangulaemodin* H C H 3 H H OH H + + + 
Rhein* H COOH H H H H + + + 
7-Hydroxy-
aloeemodin H CH 2 OH H H H OH + + + 
5-Hydroxy-
aloeemodin* H CH 2 OH H OH H H + + + 
Alaternin* OH C H 3 H H H H + + + 
Islandicin H C H 3 OH H H H + + + 
Digitopurpone C H 3 H OH H H H + + + 

Aloeemodin* H CH 2 OH H H H H _ _ _ 

Chrysophanol* H C H 3 H H H H - - -
Physcion* H C H 3 H H OCH3 H - - -
Danthron* H H H H H H - - -
Nataloeemodin-8- H C H 3 H H H OH - - -
methylether (8-0-CH3) 

Alizarin* (1,2-Dihydroxy-AQ) 
Quinizarin* (1,4-Dihydroxy-AQ) 
Quinalizarin (1,2,5-Trihydroxy-AQ) 

Aloin A (Aloe) 
Glucofrangulin A (Frangula) -
Sennoside A (Senna) - -_ 
P.I., inhibition of Na+/K+-pump; ATP(-), reduction in ATP level, R.I., inhibition of 
mitochondrial respiration. 
*Also tested as anthrones, where 10-C=O is replaced by 10-CH 2. 
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as in uncoupling. This might be an explanation for the uncoupling effect seen by 
measuring oxygen consumption (75). It seems possible that both redact states play a 
role'in the inhibition of electron flow by competing with ubiquinone for its binding site 
at complex I and/or complex II, thus preventing electron transfer from these 
complexes to complex III and anthrones by competing with cytochrome Ci for 
cytochrome c. 

Summarizing, one can say that 1,8-dihydroxyantraquinones with an additional 
phenolic hydroxyl group and their anthrones. inhibit oxidative energy metabolism, 
presumably by competing with ubiquinone at the ubiquinone binding site at complex I 
and/or complex II. As a consequence, the ATP-level drops and ATP-dependent ion 
transports decrease. Representatives of this group show only a relatively weak 
laxative action, while the more potent laxative aloeemodin and others have no 
influence on energy metabolism. Therefore, inhibition of oxidative ATP production 
and inhibition of pump activity cannot be the main reason for the laxative potency of 
the drugs. However, pump inhibition may influence the laxative action of a 
combination of drugs, if other components influence other transport processes (e.g. 
CI" channels) (76). For instance, inhibition of the Na+/K+-ATPase may increase 
secretion in the upper parts of the intestine. Since the resorbing system for 
electrolytes in the colon normally operates far below its maximal capacity, stimulation 
of secretion is fully compensated by an increase in resorption. But, if resorption in the 
colon is partially inhibited, an increase in secretion can no longer be compensated for. 
Stimulation of secretion in the upper part of the intestine and inhibition of resorption 
in the colon may therefore act synergistically and may also give an explanation for the 
synergistic effect of a combination of drugs from both groups. 

Part 2. Inhibition of Cl'-Channels as a Possible Basis of Laxative Action 

There is good evidence that anthranoids, as laxatives, influence the net ion and fluid 
transport across colon cells, the water content, and the volume of the feces as the 
result of fluid and electrolyte secretion in the upper parts of the intestine and as the 
result of resorption of electrolytes and fluid in the colon. Since resorption usually 
operates below its maximal capacity, variations in secretion are often fully 
compensated by an increase in resorption. Only during severe stimulation of 
secretion, such as in cholera intoxication, is the maximal capacity of the resorption 
process insufficient to compensate secretion and an overflow diarrhea is observed. 
Therefore, it is likely that laxatives act by inhibiting resorption and not by stimulation 
of secretion. 

In a resorbing colon cell, entrance of ions into the cells proceeds via the 
furosemidesensitive Na+-K+-2Cl-cotransporter. At the contrduminal side sodium is 
extruded actively via the Na+-K+-pump. Potassium recirculates across luminal and 
contraluminal membranes while chloride leaves the cell across the contraluminal 
membrane via chloride channels. Inhibition of one of these transport systems should 
lead to inhibition of the overall process, reabsorption of ions followed by water. The 
target transport systems are not yet elucidated (77). As shown in Part 7, inhibition of 
the Na+-K+-pump is not sufficient to explain the laxative effects. The Na+-K+-2C1~-
cotransporter is an unlikely target for the laxatives, since no direct inhibition of this 
system could be shown. Therefore, we wonder whether the drugs would influence 
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chloride and/or potassium permeabilities. The aim of this study is to test whether 
anthranoids influence chloride and/or potassium channels. If activation of chloride 
channels is observed it would indicate activation of secretion, while inhibition would 
indicate inhibition of resorption. If an effect is found, it will be compared with the 
laxative potency of the compounds in humans. 

To study the influence of anthranoids on the various transport systems, Ehrlich 
ascites tumor cells were used as a model system since all relevant transport systems 
are well characterized for these cells. Chloride and potassium permeabilities are 
enhanced after osmotic swelling, resulting in extrusion of KC1 from the cell followed 
by water. This process is called regulatory volume decrease (RVD) (18). Figure 6A 
shows the water content of Ehrlich ascites tumor cells at different times after 
reduction of osmolality from 310 to 200 mOsm. To study the two different types of 
channels separately, specific inhibitors or activators of the two pathways are used. 
For instance the potassium conductance can be elevated by the potassium ionophore 
valinomycin accelerating the RVD. Under this condition Cl-permeability is rate 
limiting. To test the influence of anthranoids on chloride and/or potassium channels, 
we chose aloeemodin which shows pronounced laxative effects but does not influence 
energy metabolism and sodium-potassium pump activity (see Part 1). The cells were 
swollen osmotically by reducing osmolality. In the presence of aloeemodin shrinkage 
was retarded similar to using 130 B (compare Figures 6A and 6B). To determine the 
concentration dependence of the effect, the cell volume was observed eight minutes 
after osmotic challenge at concentrations above 10 p M , aloeemodin inhibits R V D in a 
dose dependent manner (for details see 19). The influence of aloeemodin on R V D can 
be due to inhibition of chloride or potassium channels (Figure 6C). In the presence of 
the potassium ionophore valinomycin, potassium transport is no longer rate limiting 
for R V D . Therefore any inhibitory effect observed under valinomycin must be due to 
inhibition of chloride channels. This is clearly seen by this experiment for aloeemodin, 
demonstrating activity of chloride channels under the influence of the specific chloride 
channel blocker 130B and of aloeemodin. Since aloeemodin has an additional 
influence on RVD, it is likely that the two substances influence different classes of 
chloride channels. The results obtained by measuring the water content of cells were 
verified by direct measuring cellular volume by an electronic cell counter (for details 
see 19). 

The influence of anthranoids on membrane potential may give independent 
evidence whether K*- or Cl'-channels are inhibited by anthranoids. The membrane 
potential is mainly determined by the permeabilities of the cell membrane for chloride 
and potassium. If chloride conductance would be inhibited, the actual membrane 
potential would be shifted more closely to the potassium equilibrium potential, 
resulting in hyperpolarization. On the other hand, inhibition of potassium 
conductances would depolarize the cell towards the chloride equilibrium potential In 
Figure 7 the accumulation of the lipophilic cation TPP + (tetraphenylphosphonium) is 
plotted as a function of aloeemodin concentration. Increasing distribution ratio R 
indicates hyperpolarization. This experiment clearly shows aloeemodin reduces 
chloride and not potassium conductance. 

Table II summarizes the results of this study and the parallel study on energy 
metabolism (Part 1). Besides aloeemodin fourteen other anthraquinones and ten 
anthrones were characterized in respect to their influence on sodium-potassium pump, 
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cellular ATP-levels, and RVD as measures of chloride permeability. In contrast to 
results described by others, no significant differences were found between the 
anthrone and the anthraquinone form of each compound. Thus, we can arrange the 
substances into three different groups. The first group, frangulaemodin and some 
other compounds characterized by an additional phenolic or carboxylic group at the 
1,8-dihydroxyanthrone chromophore, shows laxative action, reduction in ATP 
content, inhibition of ion transport via the sodium-potassium pump and some 
inhibition of R V D and of the permeability of chloride channels. The second group, 
aloeemodin and other compounds, despite being effective laxatives do not influence 
ATP content and sodium-potassium pump rate, but show pronounced inhibition of 
R V D and of chloride channels. The third group, alizarin-type quinones and other 
anthranoids without laxative action, lacking the essential 1,8-dihydroxyl substitution, 
e.g. the 8-O-methylated nataloeemodinmethylether, show no influence on the various 
parameters tested. 

Table II. Inhibition of Cl-channels by anthraquinones and their anthrones 
Compounds P.I. LCI . R 
Aloeemodin* - + 1.21 
Chrysophanol* - + 1.05 
Physcion* - + 0.98 
Danthron* - + 1.00 

Frangulaemodin* + + 1.06 
Rhein* + + 1.08 
Alatemin + + 1.08 

Alizarin _ _ 0.22 
Quinizarin* - - 0.17 
Glucofrangulin A - - 0.09 
P.L,inhibition of the Na7K+-pump; LCI., inhibition of Cl~channels; R, inhibition of 
Cl-channels relative to that by substance 130B (1.00). 
*Also tested as anthrones, where 10-C=O is replaced by 10-CH2. 

The first attempts to explain increased secretion after application of 
anthranoids centered especially on net potassium transport. However, the potassium 
secretion and the resulting osmotic effect is too small to explain the large amount of 
fluid in the colon. Leng-Peschlow (20) could demonstrate a non-stimulation of 
potassium and mucus secretion after pretreatment with sennosides. After having 
excluded the Na + -K + pump and Na+-K+-2C1" cotransport, we studied the influence on 
K + and CI" channels by an indirect method. In our test model, Ehrlich ascites tumor 
cells, chloride and potassium permeabilities are enhanced after osmotic swelling, 
resulting in extrusion of KC1 from the cell followed by water (18). A l l emodin-type 
compounds tested show a very long delay with respect to RVD. This delay is due to 
inhibition of the permeability for CI" and not for K + as could be verified by two 
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minutes 

Figure 6. Influence on regulatory volume decrease (RVD) by (A) 
valinomycin (2x10* M)(+) and the chloride channel blocker, 130B (106 

M)(*) (B) aloe-emodin (5xlO'5M)(+) and (C) 130B plus valinomycin (+) or 
130B plus aloe-emodin (*). Cells were preincubated for 5 min in Krebs-Ringer-
phosphate buffer at pH 7.4. At zero time, the compounds were added and the 
osmolality of the solution was reduced to 200 mOsm by addition of distilled 
water. The cellular water content was then determined at different times. Control 
values, (•). 
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independent methods: RVD under the influence of additional inhibitors or stimulators 
of ion permeabilities and by the influence of the anthranoids on membrane potential. 
Our results clearly show that anthranoids inhibit Cl'-transport as would be expected 
for inhibition of resorption. If stimulation of secretion (27) is the mode of action of 
the anthranoids, one would observe an increase in Cl-permeability as in cholera 
intoxication, which acts via cAMP-mediated increased Cl-permeability. Our results 
cannot decide whether the inhibition of Cl'-permeability is direct due to binding of the 
anthraquinone or anthrone to the channel or indirect due to interference with 
regulating properties. Several regulatory metabolites are shown to influence Cf-
permeability. For example, the role of cAMP in the secretary action of laxatives is 
also discussed, but the significance of these findings is still under debate. It may 
merely represent another non-specific membrane interaction, occurring simultaneously 
with effects on membrane structure and permeability, since cAMP would stimulate 
resorption by activation Cl-channels (22). The cAMP increase may be indirect and 
not correlated to laxative action. For instance, reduced channel permeability may 
create a signal that stimulates cAMP production to reopen the channels. 

Beubler et aL (23), Capasso et aL (24), Mascolo et al. (25) and 
Dharmsathaphom et aL (26) have discussed riistamine or 5-hydroxytryptamine as the 
modulator of the Cl-secretion, but the exact mode of action is not known. Other 
results make it unlikely that they play a role under in vivo conditions (27). On the 
other hand, Prostaglandins are candidate autocoids which may mediate the effects of 
laxatives on motor and secretary activities of the gastrointestinal tract. Laxative 
agents such as aloe stimulate the formation of Prostaglandins E and F from 
arachidonic acid (28). While there is evidence linking enhanced release and mucosal 
content of Prostaglandins to the actions of laxatives, the effect on fluid transport 
cannot be explained entirely by Prostaglandins. Hypotonic swelling results in 
stimulation of the leukotriene synthesis and a concomitant reduction in the 
prostaglandin synthesis. PGE2 significantly inhibits regulatory volume decrease 
following hypotonic swelling (29). The signals regulating prostaglandin and 
leukotriene synthesis are still unknown. The aim of this study was to identify the 
transport process which is directly or indirectly influenced by anthranoids. Our results 
are not in contrast to those on prostaglandin synthesis. In combination with the 
results of Lambert et al. (29) our findings would be explained by an increase in 
prostaglandin level which would inhibit RVD. 

Part 3. Conclusions with Regard to Phytomedicinal Aspects 

These results with a cellular model system demonstrate a correlation between laxative 
response and inhibition of chloride channels while the influence on energy metabolism 
may have some additional side effects. These differences in the target for the drugs 
may be an explanation for synergistic effects between different laxatives known by 
several pharmacological experiments. For example, combinations of frangula, senna 
and aloe were shown to be more potent laxatives than were extracts of the individual 
drugs [e.g. extractum frangulae 25 (ED 50/mg; mice), extractum aloes 55, and 18 for 
a 1:1 mixture of the two] (10,12,13). The synergistic action of aloeemodinanthrone 
and rheinanthrone as active metabolites of sennoside C, a minor bianthrone-O-
glucoside of senna or rhubarb, has recently been demonstrated for their purgative 
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effects on mice (72) (intracaecal ED 50/pmol kg"1: aloeemodinanthrone 24.1, 
rheinanthrone 11.4, and 11.2 for an equimolar mixture), large intestine propulsion and 
water secretion (30). Concerning the anthraquinone form, synergistic effects between 
individual cascara metabolites, namely aloeemodin, chrysophanol and frangulaemodin 
were described already in 1938 (57). Finally, the results on different influences on 
energy metabolism and Ci'-channels imply an approach for interpretation of different 
activities due to synergistic effects of anthranoids within single drugs, as shown for 
laxative activities of official Cape aloe (35). Cape aloe contains both types of 
anthrone-C-glycosyls, with and without an additional hydroxyl group, namely the 
aloins/aloinosides (active metabolites: aloeemodin/-anthrone) and 5-hydroxyaloin A 
(active metabolites: 5-hydroxyaloeemodin/-anthrone), which was recently isolated and 
elucidated in our laboratory (32,33) and previously designated as "periodate positive 
substance" (for review see 34). These drugs were significantly more active in humans 
(dose response curves) than Cape aloes from other origins, which contained no 
hydroxylated aloin, or than an equimolar amount of aloin itself (35). Mapp et al. (35) 
have stated "Neither can the aloin content alone serve as a criterion for purgative 
activity, since the Alicedalc sample (with 19% aloin plus 5-OH-aloin)... had a greater 
activity than aloin in humans if dosage is estimated on aloin conent only." 
Analogous behavior may be expected for Aloe barbadensis (syn. A vera/Cura^ao-
Aloe) having free and cinnamoylated aloin- and 7-hydroxyaloin-type C-glycosyls (see 
review 34). The postulated metabolic relationship between these diastereomers is 
shown in Figure 8. This may also explain pharmacological tests with several plant 
extracts from aloe, cascara, frangula and senna with the strongest laxative action 
shown by aloe extract (36), but also the more potent activity of dualistic acting 
rheinanthrone in comparison to aloeemodinanthrone (37). 

Furthermore, our results are in direct connection with the pharmakokinetics of 
anthranoids and confirm recent information concerning their metabolism and 
pharmakokinetic characteristics. These anthranoids are present in plant drugs like 
aloe, senna etc. as O- or C-glycosylated compounds which are prodrugs and 
converted by bacterial enzymes into the metabolites responsible for the laxative action 
only after it reaches the large intestine. The metabolites are poorly absorbed and their 
action therefore confined to the large intestine. While the pharmakokinetics of 
anthraquinone-O-glycosides (main type of frangula, rhubarb) have scarcely been 
forthcoming—especially intestinal reduction to the anthrone form is yet unclear—so 
far the best characterized compounds are sennosides (bianthrone-O-glycosides) and 
their aglycone rheinanthrone (reductase from Peptostreptococcus intermedius/O-
hydrolase from Bifidobacterium sp. SEN) and its oxidized metabolite rhein (see 
reviews on senna 3,4). 

In recent years, studies with anthrone-C-glycosyls of aloin-type (aloe, cascara) 
have resulted in some data regarding the fate and metabolism of these compounds, 
which are summarized in Figures 8 and 9. Aloins and hydroxyaloins (5-OH-derivatives 
in Cape aloe and free and cinnamoylated 7-OH derivatives in Cura$o aloe, as shown in 
Figure 8; for structural details see 32-34), being prodrugs, pass quantitatively and 
unchanged—apart from incipient formation of polymerization products—into the 
large intestine where they are metabolized by bacterial enzymes (reductase from 
Eubacterium sp. BAR) into the laxatively active metabolites aloeemodinanthrone and 
its 5-/7-hydroxylderivatives, respectively, which may be spontaneously oxidized to 
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18,5-

aloe-emodin concentration (log(mol/l)) 

Figure 7. Influence of aloeemodin on membrane potential. Cells were 
preincubated for 5 min in Krebs-Ringer-phosphate buffer pH 7.4 in the presence 
of tetraphenylphosphoniume (TPP). The osmolality of the medium was then 
reduced to 200 mOsm by addition of distilled water. At that time (0 min) 
aloeemodin was added. The cell/membrane distribution ratio of TPP was 
determined 5 min after osmotic challenge (control for cells in isotonic medium: 
12). 
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mouth 
Aloins 

A+B 
(100%) 

BLOOD 

AEA = Aloeemodinanthrone 
AE = Aloeemodin 
RH = Rhein 
RHA = Rheinanthrone 
AL = Aloin 

FECES 
Aloin A/B 
10-OH-AL A/B 
AEA/AE 
RHA/RH 

Aloeemodin 
Rhein 
- glucuronide 
- sulphate 
Dimers 

Dimers 
Polymers 

*Eubacter ium sp. BAR 

Figure 9. Hypothetical scheme of pharmakokinetics of the aloins A/B. 
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their corresponding anthraquinone form (aloeemodin, 5-/7-hydroxyaloeemodin). 
Recent experiments (38) have shown that Eubacterium sp. B A R is not only capable 
of transforming the diastereomeric aloins to aloeemodinanthrone, but simultaneously 
the aloins stimulate significantly the growth of this bacterium. Only a small portion of 
the aglycones is absorbed by the large intestine and passes in oxidized form into the 
blood stream. This process is attended with oxidation of the 3-hydroxymethyl side 
chain of the anthrone component to the 3-carboxyl yielding rhein/rheinanthrone as 
further metabolites. Furthermore, by simulating physiological conditions using 
artificial intestinal buffer medium, aloins are converted to the corresponding 
oxanthrone-C-glucosyls 10-hydroxyaloin A and B (19, 39). The major part of the 
aloins or of the metabolites resulting from bacterial action is converted in the large 
intestine into polymers and excreted in the feces together with unchanged aloins, 
aloeemodinanthrone, aloeemodin and the 10-hydroxyaloins. The absorbed metabolites 
are conjugated to form sulphates and glucuronides, a process which takes place within 
the intestinal epithelium and in the liver, and are then excreted, partly via kidney and 
partly via the bile. The conjugates which re-enter the large intestine with the bile are 
split there to aloeemodinanthrone once again or converted into dimerization-
polymerization products. 

From these investigations of the metabolism and pharmakokinetics of aloins it 
can be concluded that (a) only a fraction of the aloins given by mouth becomes 
pharmacologically active, (b) their activity is confined exclusively to the large 
intestine, and (c) that any systemic loading attributable to absorbed metabolites is very 
small, which is of significance also for toxicological aspects. 

Products containing anthranoid drugs are among the most widely used 
laxatives worldwide. Out of the products listed under "laxatives" in the German 
register of pharmaceutical preparations (Rote Liste 1991), 57% contained anthranoid 
drugs (38% senna; 15% aloe; 4% frangula, rhubarb, cascara, buckthorn), Le. in more 
than half of all such products the action was based exclusively or largely on anthranoid 
components. In the Rote Liste of 1996 these were still 46%, indicating a significant 
decrease of anthranoid drugs. This decrease is due to trenchant administrative steps in 
the prescription of such natural products, which have a somewhat low reputation 
among the medical profession. As of 1996, this appears to be at least partly due to a 
poor knowledge of the pharmacodynamic, toxicological and pharmakokinetic 
properties of anthranoids and, above all, due to the strong, controversial discussion on 
their possible genotoxicity and cancerogenicity, an important topic which is beyond 
the scope of this chapter. 
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Chapter 10 

Arnica Flowers: Pharmacology, Toxicolgy, 
and Analysis of the Sesquiterpene Lactones—Their 

Main Active Substances 

G. Willuhn 

Institute für Pharmazeutische Biologie, Heinrich-Heine-Universität Düsseldorf, 
D-40225 Düsseldorf, Germany 

Arnica flowers from the European Compositae Arnica montana have 
been used in traditional medicine to treat a large variety of different 
ailments. It has been shown that the known diverse effects of the 
flowers correlate closely with the pharmacological and toxicological 
profile of their constituents helenalin, 11α,13-dihydrohelenalin and 
their esters, which therefore must be considered as their main active 
compounds. Methods for their qualitative and quantitative determin
ation have been established and the variability in flowers from different 
geographical origin investigated. Arnica chamissonis ssp. foliosa is 
used as alternative source for the official "Arnicae flos." In addition to 
the sesquiterpene lactones of A. montana, they contain 2,3-dihydro-
2α-hydroxy- and 2,3-dihydro-2α-,4α-dihydroxy-helenanolide deriv
atives. The qualitative and quantitative variation is much larger than in 
the case of A. montana flowers, but populations exist equal to that of 
A. montana. 

Arnica flowers from the European Arnica montana L . have been extensively used in 
traditional medicine to treat a large variety of different ailments. First written records 
exist from the 16th century when Arnica flowers were used externally and internally 
in injuries and accidents such as sprains, dislocations, haematomas and oedema 
associated with fractures. Many vernacular names for this medicinal plant from that 
time, such as "fall herb", "break herb" or "wound herb" point to this indication. In 
the following centuries the range of indications for Arnica flowers was enlarged to 
include treatment of heart and circulatory diseases, chronical diseases such as asthma 
and rheumatic pains, feverish conditions, menstruation complaints and many other 
diseases. The plant was named "Panacea lapsorum" after the hypothetical medicine 
"Panazee," of which the ancient physicians were always dreaming. This imagined 

118 ©1998 American Chemical Society 
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universal remedy was named after Panakaia—meaning ''universal healer"—the 
daughter of the old Greek healing god Asklepios (7). 

But even at that time numerous adverse reactions were observed after internal 
use of the tincture or the infusion of Arnica flowers with high doses. Thus, already in 
the 18th century we find reports that the oral use of Arnica flowers must be carefully 
controlled because it is a very strong remedy, working even at very low doses, and 
that it should be used only by experienced physicians in especially severe cases (7). 

Pharmacological and Toxicological Effects 

From the 19th century to the present, a whole host of pharmacological effects have 
been proven for Arnica flowers by observing patients treated with simple 
preparations of the flowers (galenicals), by animal experiments, and by in vitro tests 
(7-5). The pharmacological profile includes antibacterial, antifungal, and 
antiinflammatory properties. They have analgesic effects for inflammation pains and 
support the absorption of internal bleeding and exsudates. They show antineuralgic 
effects, are cardioactive and vasoactive, and have respiratory analeptic and oxytocic 
(stimulates uterine contraction) activities. In addition, cholagogic (increases bile 
flow) and diuretic effects, as well as reflex-modulating effects on the central nervous 
system, have been described. 

Following internal use of the tincture or the infusion of Arnica flowers with high 
doses, many adverse reactions have been observed, such as nausea, gastroenteritis, 
feeling of dizziness, strong vomiting, exaggerated pulse, heart and respiratory 
dysfunctions, tremor, mensis and abortions. Very high doses can even lead to death 
through cardiac arrest following labored breathing (7-5). External use can cause 
irritation and edematous contact dermatitis (6, 7). 

This broad spectrum of pharmacological effects explains the mentioned wide 
range of indications, however it also shows a deficiency of selectivity. 

Restricted Use of Arnica Flowers Today 

The lack of selectivity together with the mentioned adverse effects upon oral use 
obliged the German Commission E to restrict the application of Arnica preparations 
to external use only with limited indications (8). These are related to injuries and 
accidents: hematomas, dislocations, sprains, bruising, edema associated with 
fractures, rheumatic muscle and joint complaints, inflammation of the mucous 
membranes of the mouth and throat, boils, inflamed insect bites, and surface phlebitis. 
The antiinflammatory, analgesic, and antiseptic effects are accepted by the 
Commission E to be well-documented. 

Chemical Constituents of the Flowerheads 

The examination of the pharmacological effects of Arnica has been accompanied by 
an investigation of its chemical constituents starting in the 19th century. More than 
150 compounds have been identified in the flowerheads (4, 5, 9). They contain 0.23-
0.35% essential oil (which consists of sesquiterpenes [9], thymol derivatives [6] and 
other monoterpenes [6]), triterpenes [4], carotenoids [14], 0.4-0.6% flavonoids [33], 
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phenolic acids [7], caffeoylquinic acids [3], coumarins [2], polyacetylenes [4] and the 
nontoxic pyrrolizidines tussilagin acid and isotussilagin acid (brackets indicate 
number of identified compounds). It was not until the 1970s that the breakthrough in 
the search for the essential pharmacologically and toxicologically active compounds 
was achieved with the first isolation and identification of sesquiterpene lactones in 
Arnica (10, 11). The flowerheads of Arnica montana were found to contain the 
pseudoguaianolides helenalin, lla,13-dihydrohelenalin, and predominantly their ester 
derivatives with short-chain fatty acids (12-14), as shown in Figure 1. As minor 
compounds, tetrahydrohelenalin isobutyrate (15) and mexicanin C isovalerate (16) 
were found. 

0 \ 

R = H (helenalin) 
R = acetyl 
R = isobutyryl 
R = methacryloyl 
R = isovaleryl 
R = methylbutyryl 
R = tigloyl 

H \ 

R = H (llo,13-dihydrohelenalin) 
R = acetyl 
R = isobutyryl 
R - methacryloyl 
R = isovaleryl 
R = 2-methylbutyryl 
R = tigloyl 
R = angelicoyl 
R = senecionyl 

Tetrahydrohelenalinisobutyrate mexicanin C-isovalerate 

Figure 1. Sesquiterpene lactones of the flowerheads of Arnica montana. 

Regardless of the fact that the flavonoids, the essential oil, as well as other com
ponents of the flowers, may take part in the diverse effects of the Arnica flowers, 
helenalin, llcc,13-dihydrohelenalin and their esters must be regarded as the main 
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active compounds. In the following it will be shown that the pharmacological and 
toxicological profile of these potent compounds correlates closely with that of the 
Arnica flowers. 

Biological Activities of Arnica Sesquiterpene Lactones 

Sesquiterpene lactones have long been associated with medicinal properties. They 
contribute the "bitter principle" to plants because of their intensive bitter taste. There 
are more than 4000 known structures in this class of secondary plant metabolites. 
The majority occur in members of Compositae family. They have been given a 
multivalent role since many of them have been reported to possess cytotoxic and 
antitumoral properties together with a wide variety of other biological activities 
which have already been reviewed previously (17-20). The reported biological effects 
include antibacterial, antifungal, antiprotozoan, antiinflammatory, antiarthritic, 
antihyperhpidemic, antiulcerogenic, antiasthmatic, cholinergic, anticholinergic, 
hypotensive, analgesic, CNS stimulant, cardiotoxic, genotoxic and mutagenic 
activities. 

Primary Targets of Sesquiterpene Lactones. The fundamental mechanism of this 
wide range of activities—established by chemical studies and by numerous in vitro 
and in vivo tests—involves the functional cc,P-unsaturated carbonyl structures, 
commonly part of the a-methylene-y-lactone, but also present in an a,|3-
unsubstituted cyclopentenone or conjugated ester structure. These cc,P-unsaturated 
structure elements act as Michael acceptors to biological nucleophiles, especially 
sulfhydryl groups of cellular proteins, often present as cysteine residues (see Figure 
2), thus causing the observed multitude of responses (e.g. 21, 22). 

Figure 2. Michael addition of the aji-unsaturated carbonyl structures of 
helenalin to sulfhydryl groups of biological molecules. 
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Thus, thiol-bearing enzymes or metabolically important proteins with 
sulfhydryl groups in exposed position appear to be the primary targets of 
sesquiterpene lactones. Among the tested sesquiterpene lactones helenalin has been 
shown to have a comparatively high activity. This has been explained by the fact that 
it possesses two alkylating structure elements (e.g. 23-27). However, bioactivity is 
not always correlated with the number of potential alkylating centers (28). Thus, 
other factors, such as the lipophilicity and especially the molecular geometry, for 
example the conformation of the basic carbocyclic skeleton, have been suggested to 
be important in the bioactivity and perhaps selectivity of sesquiterpene lactones (72, 
28, 30). 

In a more recent study it was shown that helenalin and its ester derivatives 
exist in solution in two different twist chair conformations with a very fast exchange 
at room temperature (57). This, too, might result in a higher and more widespread 
reactivity towards biological target molecules compared with more rigid structures. 

Moreover, it has been demonstrated in vitro that the two alkylating structure 
elements of helenalin exhibit a different behaviour in the Michael-addition reaction 
towards glutathione or cysteine (Schmidt, T.J. Bioorg. Med. Chem., in press.). It was 
shown by intensive NMR-studies that glutathione is bound preferentially by the 
cyclopentenone, while free cysteine reacts very quickly with the exomethylene group 
of the y-lactone (see Figure 2). The importance of this regioselectivity of the reaction 
in dependence upon the chemical environment of the target molecule will certainly 
increase for reactions in more sterically demanding situations, for example on the 
surface or even in the pockets of polypeptides. 

Concentrations Necessary to Obtain Biological Effects. The concentrations for 
helenalin, lla,13-dihydrohelenalin, and their esters necessary to obtain biological 
effects in the test models used usually lie in the micromolar range or even below. 

Antineoplastic Activity. Helenalin, dihydrohelenalin, and their ester derivatives 
have been shown to possess potent cytotoxic and antineoplastic activities against a 
battery of murine and human tumors. A very large number of studies deals with these 
effects of helenalin, its derivatives, and even of semisynthetic modifications (e.g. 32-
37). The main modes of action are the inhibition of DNA, RNA and protein 
synthesis. Among others, the specific metabolic targets are the thiol-bearing enzymes 
IMP dehydrogenase, DNA polymerase a, ribonucleoside reductase (33, 36, 38), elF-
2 kinase, and the elongation factor eIF-3 (29, 30). Furthermore, the compounds 
lower the cellular glutathione level (39, 40). 

Antibacterial and Antifungal Activity. Helenalin, dihydrohelenalin and their esters 
inhibit the growth of gram-positive and gram-negative bacteria. The minimum 
inhibition concentration (MIC) lies in the range of 7-100 pg/mL (41-43). Helenalin 
also has been reported to possess a strong antifungal activity (44). Thus, the 
sesquiterpene lactones contribute mainly to the known antiseptic effects of the Arnica 
flowers. 
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Anti-Inflammatory Activity. Of central importance for the medicinal use of Arnica 
flowers is their antiinflammatory activity. It was not until the 1970s that 
sesquiterpene lactones were examined directly for antiinflammatory activity in animal 
(45) and biochemical models, such as the inhibition of enzymes or the release of 
mediators involved in the inflammatory process (46). Among the tested sesquiterpene 
lactones, helenalin was proven to be the most active (45, 46). 

Helenalin and lla,13-dihydrohelenalin were tested against carrageenan-induced 
edema in the rat. The drugs were administered i.p.. At 2.5 mg/kg helenalin effected 
an inhibition of edema of 77%. Indometacin at 10 mg/kg was 78% active. The 
exomethylene-y-lactone group was found to be mainly responsible for this inhibition, 
because dihydrohelenalin, which contains only the unsubstituted cyclopentenone, was 
less active. 

Helenalin was also tested in the rat adjuvant arthritis model. At 2.5 mg/kg 
administered i.p. daily for three weeks, helenalin was again the most active, with a 
value of 77% inhibition compared to untreated controls, hidomethacin administered 
at 10 mg/kg per day for three weeks was 45% active. Thus, the compound is not 
only an antiinflammatory drug that relieves the symptoms of inflammation processes, 
but also an antiarthritic drug which may actually slow down or stop the degenerative 
process in arthritis. 

Helenalin, as well as lla,13-dihydrohelenalin, were also screened for analgesic 
activity using the mouse writhing reflex. Drugs were administered i.p. at 20 mg/kg. 
Helenalin was most active with 93% reflex reduction. In addition, the compounds 
also suppressed induced pleurisy, delayed hypersensitivity and passive cutaneous 
anaphylaxis and were mild immunostimulants of immunoglobulins (45). Thus, the 
sesquiterpene lactones of the Arnica flowers possess potent antiinflammatory and 
antiarthritic activity in rodents at a relatively low dose of 2.5 mg/kg. At the doses 
used, no severe toxic effects were observed in rodents. 

Mode of Action. As for the mode of action, it has been shown that helenalin 
and its derivatives act at multiple sites. This is not uncommon, as many non-steroidal-
antiinflammatory druges (NSAID's) undoubtedly are multivalent in that they effect a 
number of inflammatory parameters rather than act on a single one. Currently, no 
model system is completely satisfactory, as we still have much to learn about the 
etiology of inflammatory diseases. 

Helenalin has been shown in vitro to effect a number of biochemical parameters 
that influence the inflammation process (46). It is a potent inhibitor of neutrophil 
migration and chemotaxis. It definitely uncouples the in vitro oxidative phosphory
lation respiration of neutrophils of humans, which may be associated with the lack of 
an efficient energy-generating system necessary for leucocyte chemotaxis, 
microtubular contraction and migration to the inflammation site. The compound has 
been shown to inhibit the release of neutrophil lysosomal enzymes, as well as their 
catalytic activity (46). Inhibition of lysosomal release and catalytic activity will 
reduce the spread of inflammation and tissue damage. Furthermore, cathepsin D 
enzymatic activity has been implicated in the inflammation process as causing the 
release of vasoamine peptides and chemotactic factors, which are chemical mediators 
that can attract phagocytic cells to the site of inflammation (47). 
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Helenalin has been shown in vivo to elevate the cyclic adenosine 
monophosphate (cAMP) level in rat and mouse liver (46). Elevated levels of cAMP 
have been correlated with the stabilization of lysosomal membranes (48). In addition, 
high cAMP levels inhibited rabbit and human polymorphonuclear neutrophile 
chemotaxis and migration and were associated with the formation of migration 
inhibitory factor, activation of phagocytic cell function, and release of histamine, 
slow-reacting substances and prostaglandins [cited according to (46)]. Furthermore, 
induced chronic arthritis was related to decreased cAMP levels, increased lysosomal 
enzymatic activity and release in the paw (49). 

lla,13-Dihydrohelenalin isobutyrate and senecionate have been shown to inhibit 
the release of histamine from peritoneal mast cells of the rat and to possess 
antiallergic activity in vivo in a passive cutaneous anaphylaxis test (50). On the other 
hand, helenalin was found to be a potent stimulator of mast cell degranulation (57). 

Helenalin and lla,13-dihydrohelenalin inhibit the secretion of serotonin from 
human blood platelets in vitro (52). Both compounds inhibit the aggregation of 
human platelets in response to external chemical stimuli (collagen, arachidonic acid) 
(52), as well as thrombin-induced rat platelet aggregation (IC50 for helenalin: 2.6 x 
10"6 M ; Herbert, J .M., Lane, A , Willuhn, G. unpublished) in a concentration-
dependent manner. Both compounds were shown to inhibit the prostaglandin 
biosynthesis in human platelets, probably not by directly targeting cyclooxygenase, 
but rather by indirectly interfering with phospholipase A 2 activity (52). Prostaglandin 
synthetase has been shown to be inhibited by helenalin in vitro only at a concentration 
of 10 3 M (46), which is not physiological. Whether helenalin is able to inhibit the 5-
lipoxygenase, as has been demonstrated already for other sesquiterpene lactones (53, 
54), has not yet been proven. 

Effects on Heart and Circulation. In various in vivo and in vitro test systems, 
positive inotropic actions and, at higher doses, cardiotoxic effects have been 
documented for helenalin, 1 la,13-dihydrohelenalin and their esters (72, 55-62). 

In guinea-pig left atria, helenalin exerts a concentration-dependent positive 
inotropic action with an ECso-value of 1.4 x 10"5 M , which is strongly diminished in 
reserpine-pretreated animals or after addition of the 6-blocking agent, bupranolol 
(60, 61). The same results were found using atrial strips from the left atrium of 
guinea-pigs (59). 

In the test model of the left atria, the presence of 5 x 10"6 M phosphodiesterase 
inhibitor I M B X (l-methyl-3-isobutylxanthine) shifted the concentration-response 
curve of helenalin to the left and diminished the ICso-value to 6.4 x 10 - 6 M , indicating 
a potentiating effect (60, 61). In contrast to this result, in the model of the isolated 
papillary muscle of guinea-pigs, helenalin (3 x 10"4 M) did not cause any positive 
inotropic effect in the presence of IBMX (10 3 M), but instead produced a slight 
negative inotropic effect (62). 

In vitro, helenalin exhibited only a rather weak and concentration-independent 
inhibition of phosphodiesterase (20-30%) (60, 61). However, a highly significant 
helenalin-induced increase in cAMP content of atria could be detected in combina
tion of helenalin and IMBX, supporting the sequential synergism of both compounds 
(60, 61). 
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At 10"4 M , toxic effects of helenalin on the atrium were observed, while the 
positive inotropic action was diminished. Helenalin prolonged relaxation time in 
isolated cat papillary muscles at concentrations exceeding 10"5 M , decreased maxi
mum relaxation velocity and thus irreversibly disturbed relaxation (60, 61). 

The results of these investigations led to the conclusion that the cardiotoxic 
effects of helenalin are based on a slow down of the restitution kinetics for activator 
calcium, whereas the positive inotropic action resulted from an indirect sympatho
mimetic effect (59-62). Recently, helenalin stimulated cellular [Ca4] responses have 
been reported in connection with its antitumor activity (63). The indirect sympa
thomimetic action differs from that of tyramine because no tachyphylaxia and no inhi
bition by imipramine could be observed (60, 61). 

Blood pressure experiments on rabbits have shown that helenalin (55), its acetate 
and lla,13-dihydrohelenalin acetate (12) adminstered intravenously (0.33-7 mg/kg) 
cause a sudden rise of 10 to 50 mm Hg, followed by a gradual fall to the same degree 
below normal. This variation in the blood pressure was accounted for as a secondary 
action due to the effect on the heart muscle, and on the respiratory center. More 
recently the sesquiterpene lactone parthenolide has been demonstrated to interfere 
markedly with both contractile and relaxant mechanisms in vascular smooth muscle 
(64, 65). 

Respiratory Analeptic Activity. Helenalin acetate and lla,13-dihydrohelenalin 
acetate have strong respiratory analeptic properties. Intravenous administration of the 
low dose of 0.33 mg/kg to rabbits caused an increase of respiratory rates of 50-85% 
and 35-50%, respectively, and an increase of tidal (breath) volume/min. of 40-50% 
and 20-30%, respectively (72). 

Oxytocic Activity. 1 lcc,13-Dihydrohelenalin acetate has been shown to induce con
traction of the isolated uterus of the rat (66). The helenanolide arnifolin (2,3-dihydro-
2a-hydroxyhelenalin tiglinate) isolated from Arnica chamissonis ssp. foliosa (see 
Figure 3), has been demonstrated in situ on rabbits to elevate the tonicity of the 
uterus and to increase its periodical contractions (67). 

Antihyperlipidemic Activity. Helenalin and lloc,13-dihydrohelenalin significantly 
lowered, after intraperitoneal dosing for 2 weeks at 6 mg/kg/day and 20 mg/kg/day, 
serum cholesterol levels in mice by 37% and 15%, respectively. At the same time 
helenalin reduced serum triglyceride levels by 24% (68). The mode of action could be 
linked to the inhibition of thiol-bearing regulatory enzymes of the cholesterol and 
triglyceride syntheses, such as HMG-CoA reductase and citrate lyase, which was 
demonstrated in vitro (68). 

Acute Toxicity and Contact Allergy. Helenalin-containing species of the genus 
Helenium are well known to be acutely toxic to livestock (69-72). Acute toxicity by 
helenalin has been related to hepatic glutathione levels, which are rapidly depleted by 
very low concentrations of helenalin (39). The oral LD 5o values of helenalin for 
mammals varies form 85 mg/kg for hamster to 150 mg/kg for mouse (73). The 
intraperitoneal LD 5o for mouse is 10 mg/kg (74). The acute toxicity of the more 
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lipophilic helenanolide esters of the Arnica flowers was estimated with a purified 
fraction of these compounds in the mouse (57). The intraperitoneal and oral D L 5 0 

values for this fraction were 31 mg/kg and 123 mg/kg, respectively. 
An initial study on the pharmacokinetics and tissue distribution of [3H]-llcc,13-

dihydrohelenalin in mice following intravenous, intraperitoneal and oral administra
tion showed a mean serum radioactivities of 34.4%, 8.5%, and 5.2%, respectively, of 
the total at 15 min (75). A two-compartment pharmacokinetic model predicted that 
the maximum terminal (beta) half-life of the compound was 57 hours. Urinary excre
tion accounted for 40.3% to 64.4% of the administered radioactivity with about one 
third contributed to unmetabolised lla,13-dihydrohelenalin. Fecal excretion 
accounted for 9.3% (i.v. application) to 39.7% (oral application), indicating that the 
compound was secreted in the bile. Radioactivity in the major organs (brain, heart, 
lung, spleen, liver, kidney, stomach, intestine) paralleled the serum radioactivity, 
showing that these organs did not sequester [3H]-lla,13-dihydrohelenalin. In 
contrast, significant radioactivity was found in muscle, bone, fat, and skin even after 
24 days. 

Contact Allergy. A well-known adverse reaction of Arnica flowers is their ability to 
cause allergic contact dermatitis. With longer and more frequent external application, 
edematous dermatitis may occur, with formation of small vesicles. The responsible 
contact sensitizers have been shown to be helenalin and its ester derivatives (6, 7, 76-
78). Today this is known to be a common feature of many oc-methylene 
butyrolactones, an effect which is probably due to the familiar Michael addition 
mechanism. 

Conclusion. The selected examples of the proven pharmacological and toxicological 
activities of helenalin, lla,13-dihydrohelenalin, and their ester derivatives clearly 
show that these activities correlate closely with the known effects of Arnica flowers, 
and, therefore, must be considered their main active constituents. Their broad 
spectrum of biological effects and the lack of predictable selectivity, as well as the 
multitude of unwanted side effects, makes it difficult to utilize them as therapeutic 
agents, especially when applied systemically. That is the reason why the German 
Commission E has restricted the application of Arnica preparations to external use 
only. However, here the contact allergenic potential must also be taken into account. 

Flowers of Arnica chamissonis 

Arnica montana is a protected species in Germany. Hence the German Pharma
copoeia permits an alternative source for the official "Arnicae flos": Arnica chamis
sonis Less. ssp. foliosa (Nutt.) Maguire (North American meadow arnica) which can 
be cultivated more easily than A. montana. This Arnica species (including both the 
foliosa and chamissonis subspecies) has also been used in folk medicine (79), and has 
already been accepted as a substitute in the pharmacopoeia of the Soviet Union and 
the former East Germany, because extracts from its flowers have been proven to 
possess the same activity as those from A. montana (80-82). It was later shown that 
extracts from the flowers of A. chamissonis ssp. foliosa, A. chamissonis ssp. 
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chamissonis, and from plants of different geographical regions differ in their 
antibacterial activity and acute toxicity (83). This suggested the existence of several 
chemical races. 

Sesquiterpene Lactones. The sesquiterpene lactone pattern of the flowerheads of 
A. chamissonis has been found to rje much more complex than that of A. montana 
(83-87). In addition to helenalin and lla,13-dihydrohelenalin esters, the flowers of 
the subspecies foliosa contain their 2,3-dihydro-2oc-hydroxy derivatives ("arni-folins" 
and "dihydroarnifolins," respectively) as well as 2,3-dihydro-2a,4a-dihydroxy or di-
O-acyl derivatives ("chamissonolides") shown in Figure 3. Altogether, 29 
helenanolides have been isolated from the flowerheads of the official subspecies 
foliosa (83-85). Flowers of the subspecies chamissonis contain almost only 
chamissonolides, but traces of the eudesmanolide ivalin are also present (86,87). 

"Arnifolins" "1 la,13-Dihydroarnifolins" 
R = tigloyl R = tigloyl 
R = angelicoyl R = angelicoyl 
R = senecionyl , R = senecionyl 

RQ H \ R = isovaleryl 

"Chamissonolides" 
R R' R" 
acetyl H OH 
acetyl H acetoxy 
acetyl acetyl acetoxy 
acetyl H H 
H H OH 
H H H 
acetyl acetyl H 

Figure 3. Helenanolides occurring in flowerheads of Arnica chamissonis subsp. 
foliosa in addition to helenalin and lla,13-dihydrohelenalin esters. 
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It has been shown that in chamissonolides the seven membered ring adopts a 
twisted boat conformation (88, 89), whereas arnifolins and dihydroarnifolins like 
11a, 13-dihydrohelenalin and helenalin adopt a twisted chair conformation (89). 
Some chamissonolides, arnifolins and dihydroarnifolins have also been shown to 
possess antibacterial, antiinflammatory, and cytotoxic activities, which, however, are 
lower than that of helenalin and its ester derivatives (83, 89). 

Analysis of the Sesquiterpene Lactones 

The helenanolides of the Arnica flowers with cyclopenten-4-one and 2-hydroxycyclo-
pentan-4-one structures, but not those with the 2a,4a-dihydroxycyclopentane 
structure (chamissonolides), react with m-dinitrobenzene in alkaline solution to red 
coloured reaction products (Zimmermann reaction). This reaction is used in the 
German pharmacopoeia as an identity test, by which e.g. flowerheads of A. 
chamissonis ssp. chamissonis can be excluded. A more convenient proof of identity 
is TLC (90, 91). 

The Zimmermann reaction has also been used for photometric quantitative 
determinations (92,93). Another method for photometric determination is based on 
the hydroxamate reaction with hydroxylamine/iron (93). Moreover, high-
performance liquid chromatographic (HPLC) and gas chromatographic (GC) 
methods have been developed. Hypersil-ODS columns with water-methanol elution 
gradient and U V detection at 225 nm in the HPLC system and OV-01-CB capillary 
column with flame ionization detection in the GC system have been used (93, 94), 
with eudesmanolide santonin as the internal standard for both methods. 

Quantitative and Qualitative Variation of the Sesquiterpene Lactones in 
Arnica Flowers. As part of an effort to set quality control guidelines for the official 
Arnica flowers, the quantitative and qualitative variation of the sesquiterpene 
lactones were studied by HPLC and GC analysis (97). 

In flowerheads of A. montana from 39 different origins the quantitative content 
ranges from 0.31 to 0.91% with an average of 0.5%. For standardization of the 
official flowers, a minimum content of 0.4% has been suggested. 

Concerning to the qualitative composition of the sesquiterpene lactones, a Cen
tral European type and a Spanish type of A. montana have been found (97). Central 
European flowers, showing no differences in the qualitative sesquiterpene lactone 
pattern, contain principally helenalin esters, contributing 60-90% of the sesqui
terpene lactone content. Spanish flowers contain nearly exclusively 11a, 13-dihydro
helenalin esters with the methacrylate, tiglate and isobutyrate as predominant com
pounds. 

Compared with A. montana, the flowers of A. chamissonis ssp. foliosa show a 
much larger quantitative and qualitative variation in their sesquiterpene lactone con
tent, depending on the origin of the plant material. In flowers, originating from plants 
grown under identical conditions from seeds of 11 different geographical regions, the 
quantitative content was found to vary from 0.07% to 1.4% (97). 

With regard to the qualitative composition, there are populations with only four 
compounds, as well as those with up to 18 compounds, out of a total of 29 
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sesquiterpene lactones identified in the flowers of this subspecies (97). There are 
sources in which the dihydrohelenalin esters (80-100%) or helenalin and Hoc, 13-
dihydrohelenalin esters (> 70%) dominate, and are thus similar to A. montana 
flowers. There are also sources in which the "dihydrohelenalins" and 
"dihydroarnifolins" are predominant in more or less equal proportions or in which the 
"arnifolins" or "chamissonolides" predominate. 

The cultivation of A. chamissonis ssp. foliosa, which has already been started, 
needs to select those populations which are most similar to A. montana. Now, as in 
the past, commercially available "Arnicae flos" is derived from A. montana. 

Content of Sesquiterpene Lactones in Arnica Tinctures and Infusions. Arnica 
flowers are used externally as infusions (2%) or as official tinctures and as ointments 
containing tincture or "Arnica oil" (extract from 1 part drug and 5 parts vegetable 
oil) as crude active substances. According to the German Commission E monograph 
(8) for poultices the tincture has to be diluted 3-10 times, and as a mouth wash, 10 
times. Ointments are limited to have a maximum of 20-25% of the tincture or a 
maximum of 15% "arnica oil." Infusions for poultices have to be prepared from a 
ratio of 2 g of drug to 100 mL of water. 

When making the officinal tincture according to the German pharmacopoeia or 
the infusion according to the German Standard Licence [see (5)], about 90% and 
75%, respectively, of the sesquiterpene lactones are extracted (95). Applied topically, 
the resulting concentrations (450 pg/mL and 75 pg/mL, respectively) should be high 
enough to achieve the desired effects on the site of application even if the absorption 
will be incomplete. 

Conclusions 

In conclusion, the therapeutic effects of the Arnica flowers reported in traditional 
medicine for its simple preparations (galenicals) are plausible and can be explained on 
the basis of the sesquiterpene lactones as their main active constituents. Nevertheless, 
clinical tests with standardized preparations have not yet been published. Such tests 
under controlled conditions are an essential requirement for the use of this drug in the 
future. 
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Chapter 11 

Curcuma (Tumeric): Biological Activity and Active 
Compounds 

M. Wichtl 

Institute of Pharmaceutical Biology, Department of Pharmacy, Philipps-University, 
D-35032 Marburg, Germany 

Extracts of Curcuma domestica and Curcuma xanthorrhiza rhizomes 
(turmeric, Javanese turmeric resp.) are used in Europe as cholagogues. 
In Eastern Asia only C. xanthorrhiza is in use for the treatment of 
biliary disorders. The active compounds, diarylheptanes, esp. 
curcuminoids, and constituents of the essential oils, mainly 
sesquiterpenes, have been—and are still—objects of pharmacological 
and clinical studies. Many interesting effects, such as antiinflammatory, 
lipid reducing, and sedative actions, have been reported. Nevertheless, 
more research is necessary to better understand the mechanism of 
action of Javanese turmeric. 

Biliary disorders and their therapy are an important part of the practice of family 
doctors and specialists for internal diseases. In addition to several synthetic drugs, 
some phytopharmaceuticals are therapeutically used in Europe. The most effective are 
those prepared from the rhizomes of two Curcuma species, turmeric and Javanese 
turmeric. 

Remedies to cure biliary disorders are (less exactly) named cholagogues. They 
are differentiated into choleretics (raise the production of bjle) and cholekinetics 
(stimulate the contraction and emptying of the gall bladder). Both remedies are used in 
the therapy of cholecystitis and cholangitis, or generally to stimulate production of 
bile, but they are contraindicated for gallstones or hepatitis. 

Curcuma xanthorrhiza (Javanese turmeric) and Curcuma domestica (syn. C. 
longa, turmeric) are perennial herbs, belonging to the Zingiberaceae family and are 
cultivated in Indonesia and South India. The very large, oblong lanceolate leaves show 
a more or less parallel nervature. The zygomorphic flowers appear at ground level and 
have three fused sepals and three large yellow petals, with only one fertile stamen The 
rhizomes of both species are more or less tuberousovoid, in case of C. domestica also 
cylindrical or fingershaped. When the rhizomes of C.domestica are scalded with 
boiling water in toto, the starch becomes largely gelatinized and the surface turns an 
intensive yellow. The rhizome of Curcuma xanthorrhiza is purified superficially and 
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then cut into small slices of about 3 mm thickness. The rhizomes of Javanese turmeric 
have been used in Indonesia medicinally for centuries under the name „Temu lavak" as 
a cholagogue. This remedy was made known in Europe by the Dutch, the former 
colonizers of Indonesia, and was (and is still) official in the Nederlandse 
Pharmacopoeia. Since 1978, Curcumae xanthorrhizae rhizoma has been official in the 
German Pharmacopoeia as well In contrast to the Javanese turmeric, Curcuma 
domestica has been used in tropical Asia only as a spice (it is one of the component 
parts of Curry powder), not as a remedy. In Germany this Curcuma species is also 
used as a cholagogue, since it has very similar constituents. 

Constituents 

The rhizomes of both Curcuma species contain (a) diarylheptane-derivatives, esp. the 
"curcuminoids,,, dicinnamoylmethane-derivatives, and (b) essential oil, comprising 
mainly sesquiterpenes. 

Turmeric, Curcumae domesticae rhizoma, contains 3-5% yellow pigments that 
are not volatile in steam; diarylheptanoids, consisting mainly of three compounds, 
curcumin (diferuloylmethane), monodesmethoxycurcumin (feruloyl-p-
hydroxycinnamoylmethane) and bisdesmethoxycurcumin (7); and 2-7% essential oil, 
comprising sesquiterpenes of the germacrane-, bisabolane- and guajane-types. The 
main compounds of the volatile oil are turmerone, ar-turmerone, zingiberene and 
curlone. The high content of bisabolane derivatives is characteristic for turmeric and 
cannot be observed in other Curcuma species (2). Currently, more than 100 
constituents have been isolated and their structures elucidated by spectral methods. 
Turmeric also contains small amounts of a complex acidic arabinogalactan, ukonan A 
(3) and starch, largely gelatinized. 

Javanese turmeric, Curcumae xanthorrhizae rhizoma, contains only 1-2% 
diarylheptanoids (curcuminoids), mainly curcumin and monodesmethoxycurcumin (7, 
4), but the content of essential oil, 3-12%, is higher than that of C. domestica. The 
essential oil comprises mainly sesquiterpenes, such as P-curcumene, ar-curcumene, 
germacrone, and a phenolic sesquiterpene xanthorrhizol, a characteristic constituent of 
this drug. p-Tolylmethylcarbinol, earlier described as a compound of the essential oil, 
is no doubt an artefact, which arises during the distillation of the oil. 

Pharmacological and Clinical Investigations 

The use of both plant drugs for the treatment of biliary disorders, such as chronic 
forms of cholangitis and cholecystitis, has been confirmed by some pharmacological 
and clinical investigations (5-8). Therefore, in Germany many preparations, prepared 
from the rhizomes of both Curcuma species, are licensed by the Institute for Remedies 
(the government health agency). The German Commission E has published 
monographs for both plant drugs, with the indication "dyspeptic complaints." For the 
efficacy of the extracts, prepared from these Curcuma species, both the curcuminoids 
and the essential oils are responsible. The curcuminoids act mainly as cholekinetics, 
but they also stimulate the choleresis. Extracts of C. xanthorrhiza are distinctly more 
effective than extracts of C. domestica, in accordance with the empirical medicinal use 
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in Indonesia. Maybe the choleresis-inhibiting property, described for bis-
desmethoxycurcumin (present only in C. domestica), is responsible for this 
phenomenon (7). 

Between 1992 and 1996 some interesting pharmacological effects of isolated, 
pure constituents were reported. Curcumin, the main constituted of both Curcuma-
species, parenterally administered, acts strongly as an antiphlogistic and inhibits the 
formation of leukotriene B 4 , a mediator-substance of inflammation (9). The in vitro 
inhibition of prostaglandin biosynthesis by curcumin had been observed earlier by 
H.Wagner and coworkers (70). Curcumin demonstrates in vitro effects on the 
biosynthesis of prostacyclin and on platelet aggregation in rats and in monkey plasma 
(77). Evaluation of nonsteroidal anti-inflammatory drugs in patients with postoperative 
inflammation produced an anti-inflammatory response for curcumin at the same level 
as phenylbutazone (72). Experiments on rats to find out the oral resorption of 
curcumin showed the major biliary metabolites were glucuronides of tetrahydro- and 
hexahydrocurcumin (13). 

Antiphlogistic effects have also been recently detected for some the phenolic 
and nonphenolic diarylheptanoids, as well as for trans-trans-l,7-diphenyl-l,3-
heptadien-5-one (alnustone), trans-l,7-diphenyl-l-hepten-5-ol, and trans-trans-1,7-
diphenyl-l,3-heptadien-5-ol (14). 

An ethanolic extract of turmeric, as well as an ointment of curcumin (0.5% 
curcumin), were found to produce remarkable symptomatic relief in patients with 
external cancerous lesions after application of the ointment three times daily for four 
weeks; in many patients the effect continued for several months (75). Also, in studies 
on experimentally induced skin tumors in mouse (induction by 12-0-
tetradecanonylphorbol-13-acetat) curcumin was found to markedly inhibit tumor 
promotion: topical application of 1, 3 or 10 pmol of curcumin inhibited the induced 
tumors by 39, 77 or 98% respectively (16). The antitumor activity of curcumin is 
probably related to the inhibition of a phospholipid-dependent protein kinase C (PKC), 
because some other inhibitors of PKC can also inhibit tumor promotion caused by 
phorbol esters (77, 18). Recent investigations demonstrate the activity of curcumin at 
a molecular level Treatment of human myeloid M L - l a cells with tumor necrosis factor 
rapidly activated the transcription factor NF-kB, and this activation was inhibited by 
curcumin (79, 20). In an other experiment, it could be demonstrated that curcumin 
inhibits the phorbolester-induced expression of c-fos, c-jun, and c-myc proto-
oncogenes messenger RNA (27). Curcumin, at 5 p M , inhibited in vitro 
lipopolysaccharide-induced production of TNF (tumor necrosis factor a) and 
interleukin-ip by a human monocytic macrophage cell line, Mono Mac. 6 (22). 

For some diarylheptanoids a hypolipidemic action, evaluated in Triton-induced 
hyperlipidemic hamsters by inhibiting hepatic triglyceride secretion, has been reported 
(23). Besides curcumin, the most effective compounds were 5-hydroxy-7(4-
hydroxyphenyl)-1 -phenyl-( IE)-1 -heptene and 7-(3,4-dihydroxyphenyl)-5-hydroxy-1 -
phenyl-(lE)-l-heptene, the latter being more potent than the former, but there is up to 
now no practical use of this observation. 

A very interesting discovery was made in 1995 with evidence of anti-HIV-
activity for curcumin. On purified human HTV-1 integrase, curcumin was shown to 
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have an inhibitory concentration (I50) for strand transfer of 40 p M , probably interacting 
with the integrase catalytic core (24). 

Also, for some constituents of the essential oils, remarkable pharmacological 
effects have been demonstrated. Xanthorrhizol, the species-specific compound of 
Javanese turmeric, acts as a sedative: oral administration to mice at 50 mg/kg, 
xanthorrhizol prolongated the pentobarbital-induced sleeping time (328%), and its 
activity was almost the same as that of chlorpromazine at 5 mg/kg (25). Germacrone, 
a sesquiterpene-ketone of Cxanthorrhizja, upon oral administration to mice at 100-
200 mg/kg, showed a significant hypothermic effect ( AT ca 2-2.8° C) (26). At least 
nine sesquiterpenes of the essential oil of Curcuma xanthorrhiza, (e.g. xanthorrhizol, 
fiiranodienone, and others) are very effective contact-insecticides (27). 

Many other pharmacodynamic studies have been published in a review by 
H.P.T.Ammon et aL (28). Most of the demonstrated activities have not (or not yet) 
been clinically demonstrated. Nevertheless a European patent was granted for a fixed 
combination of Cwrcwma-constituents as an antiphlogistic (29), and a Japanese patent 
was granted for germacrone (30) as a component part of an CNS-depressant remedy. 

Besides their use as cholagogues, both Curcuma species should demand an 
increasing interest as sources of medicinally useful substances. 
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Chapter 12 

Echinacea: Biological Effects and Active Principles 

R. Bauer 

Institute für Pharmazeutische Biologie, Heinrich-Heine-Universität, 
Universitätsstr. 1, D-40225 Düsseldorf, Germany 

In recent years, Echinacea preparations have developed into the best 
selling herbal immunostimulants. Most of the products are derived from 
either the aerial or the underground parts of Echinacea purpurea, and 
from the roots of E. angustifolia or E. pallida. The common products in 
Europe mainly represent expressed juice preparations or alcoholic 
tinctures. The different species and preparations can be clearly 
distinguished phytochemically by their typical constituents. The most 
relevant compounds for standardization are caffeic acid derivatives 
(cichoric acid, echinacoside), alkamides, polyacetylenes, and glyco
proteins/polysaccharides. Pharmacological studies have shown that 
cichoric acid, alkamides, and glycoproteins/polysaccharides possess 
immunomodulatory activity. Therefore they might be considered as active 
principles and best suited for standardization purposes. Clinical effects 
have been demonstrated for the expressed juice of the aerial parts of 
Echinacea purpurea in the adjuvant therapy of relapsing infections of the 
respiratory and urinary tracts, as well as for alcoholic tinctures of E. 
pallida and E. purpurea roots as adjuvants in the therapy of common 
cold and flu. 

Historical Use and Botanical Aspects of Echinacea Species 

The genus Echinacea is endemic to North America, where it occurs in the Great Plains 
in between the Appalachian Mountains in the east and the Rocky Mountains in the west. 
Its use can be traced back to the American Indians, who regarded Echinacea as one of 
the most favored remedies to treat wounds, snake bites, headache and the common cold 
(7). The territories of the tribes that most frequently used Echinacea, show a close 
correspondence with the distribution range of Echinacea angustifolia. Echinacea pallida 
and E. purpurea, and possibly other Echinacea species have also been used, however. 

140 ©1998 American Chemical Society 
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In the second half of the 19th century, white settlers took began to use Echinacea. 
H.G.F. Meyer, a German "quack" doctor, distributed a tincture in Missouri made from 
E. angustifolia roots, called "Meyer's Blood Purifier", which he recommended for 
rheumatism, neuralgia, headache, erysipelas, dyspepsia, tumors and boils, open wounds, 
vertigo, scrofula and bad eyes, as well as "poisoning by herbs", and rattlesnake bite (2). 
At the beginning of the 20th century, the use of Echinacea was introduced in Europe. 

More than 800 Echinacea containing drugs, including homeopathic preparations, are 
currently on the market in Germany. Most of the preparations contain the expressed juice 
of Echinacea purpurea aerial parts, or hydroalcoholic tinctures of E. pallida or E. 
purpurea roots. They are mainly used for nonspecific stimulation of the immune system. 
In the U.S .A, Echinacea preparations have recently become very popular as well There, 
mostly tinctures from the roots are used. But also freeze dried plants and encapsuled 
powders from roots and aerial parts are sold. According to a recent report, Echinacea 
products are the best selling herbal product in health food stores in the U . S . A (3). 

When analyzing the large number of products, it becomes obvious that completely 
different preparations are sold under the name "Echinacea". At least three different 
species are used medicinally: Echinacea purpurea, E. angustifolia and E. pallida. Some 
preparations are prepared from the roots (mainly from E. angustifolia and E. pallida, but 
also from E. purpurea), some from the aerial parts (E. purpurea), and some from the 
whole plant (homeopathic mother tinctures of E. angustifolia and E. pallida). 

Another variable is the extraction mode: alcoholic tinctures, hydro-alcoholic 
extracts, tea preparations and, as a special form, the expressed juice of the aerial parts are 
on the market. Therefore, it is necessary to establish the botanical and chemical standar
dization of every preparation in order to be able to obtain reproducible pharmacological 
and therapeutic results. 

Echinacea angustifolia was the plant originally used by H.C.F. Meyer and by the 
Lloyd-Brothers. E. pallida is much more abundant and a much taller species with bigger 
roots than E. angustifolia. When the monograph in the National Formulary of the U.S. 
was published in 1916, the roots of both E. angustifolia and E. pallida were made 
official, with the result that differentiation between these two species was neglected after 
1916. It ended in the very confusing situation, in which most of the "Echinacea 
angustifolia" available in the market and in botanical gardens in Europe was in fact E. 
pallida (4). In the middle of this century, E. purpurea was introduced as a medicinal 
plant in Europe. The roots and the aerial parts are used separately for medicinal 
purposes. 

Echinacea purpurea roots have been substituted for a long time with Parthenium 
integrifolium. The sesquiterpene esters, echinadiol-, epoxyechinadiol-, echinaxanthol-
and dihydroxy-nardol-cinnamate (1-4), described as constituents of Echinacea purpurea 
roots (5), were in feet derived from the adulterant, Parthenium integrifolium, which was 
mistakenly processed at that time (Figure 1). Since both species contain different 
constituents, HPLC and TLC methods have been developed to distinguish them 
chemically (6). Parthenium integrifolium is characterized by the sesquiterpene esters, 
which cannot be found in Echinacea purpurea. Recently, adulterations of E. angustifolia 
roots with roots of Parthenium integrifolium have also been detected. 
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1 Cinnamoyl-echinadiol 2 Cinnymoyl-epoxyechinadiol 

3 Cinnamoyl-echinaxanthol 4 Cinnamoyl-dihydroxynardol 

O 

Figure 1. Constituents of the roots of Parthenium integrifolium, an adulterant 
of Echinacea purpurea roots. 
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Active Principles, Pharmacological Effects and Standardization 

The constituents of Echinacea, as in any other plant, cover a wide range of polarity, 
ranging from the polar polysaccharides and glycoproteins, to the moderately polar caffeic 
acid derivatives and to the rather lipophilic polyacetylenes and alkamides. This makes it 
necessary to study the activity of different polar extracts of Echinacea, such as aqueous 
preparations, alcoholic tinctures, and hexane or chloroform extracts. 

Systematic fractionation and subsequent pharmacological testing of the aqueous 
extracts of the aerial parts of E. purpurea led to the isolation of two polysaccharides (PS 
I and PS II) with immunostimulatory properties (7,8). They were shown to stimulate 
phagocytosis in vitro and in vivo, and to enhance the production of oxygen radicals by 
macrophages in a dose dependent way (8,9). Structural analysis showed PS I to be a 
4-O-methyl-glucuronoarabinoxylan with an average M W of 35,000 D, while PS II was 
shown to be an acidic arabinorhamnogalactan of M W 45,000 D (10). A xyloglucan, M W 
79,500 D, was isolated from the leaves and stems of Echinacea purpurea, and a 
pectin-like polysaccharide from the expressed juice (77). 

Polysaccharides have also been obtained from cell cultures of Echinacea purpurea. 
From the growth medium of E. purpurea cell cultures, three homogeneous 
polysaccharides, Le. two neutral fucogalactoxyloglucans with M W of 10,000 and 25,000 
D, and an acidic arabinogalactan, M W 75,000 D, have been isolated (12,13). The 
structure of the tissue culture polysaccharides differed from those of the aerial parts, 
since cells in suspension culture possess exclusively primary cell wall components. 

Luettig et aL (14) have shown that different concentrations of polysaccharides from 
E. purpurea could stimulate macrophages to release tumor necrosis factor a (TNFa) and 
interferon 62 (= IL-6). 

In an infection stress test, mice were treated with E. purpurea polysaccharides (10 
mg/kg Lv.). Twenty four hours later, they were infected with Candida albicans. After 24 
hours, the kidneys of the mice were examined for Candida. Compared to the untreated 
group, a significant reduction of Candida organisms was observed in the polysaccharide 
treated group. This means that E. purpurea polysaccharides can protect against Candida 
infections. In separate tests, it was shown that polysaccharides can enhance the survival 
rate of lethal Candida infections up to 100 %, and that they are also active against 
Listeria infections (15,16,17). Polysaccharides from E. angustifolia have also been found 
to possess antiinflammatory activity (18,19). 

In a phase-I clinical trial, a polysaccharide fraction (EPO Vila), isolated from E. 
purpurea tissue culture and injected at doses of 1 mg and 5 mg, caused an increase in the 
number of leukocytes, segmented granulocytes and TNFa (20). 

Three glycoproteins, MW 17,000, 21,000 and 30,000 D, containing about 3% 
protein, have been isolated from E. angustifolia and E. purpurea roots. The dominant 
sugars were found to be arabinose (64-84 %), galactose (1.9-5.3 %) and glucosamines 
(6 %). The protein moiety contained high amounts of aspartate, glycine, glutamate and 
alanine (27). Purified extracts containing this glycoprotein-polysaccharide complex 
exhibited B-cell stimulating activity and induced the release of interleukin 1, TNFa and 
IFNa,p in macrophages, which could also be reproduced in mice (22,23,24). 

An ELISA method has been developed for the detection and determination of 
glycoproteins in Echinacea preparations (25). It seems that E. angustifolia and E. 
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purpurea roots contain similar amounts of glycoproteins, while E. pallida contains less 
(22). One product containing an E. purpurea root extract is on the market which is 
standardized on glycoproteins (25 pg/ml) by this ELISA method. 

Alcoholic tinctures of Echinacea aerial parts and roots contain caffeic acid 
derivatives (Figures 2-4) and lipophilic, polyacetylene-derived compounds. The different 
extracts can be distinguished by HPLC analysis of these low molecular weight 
constituents. The roots of E. angustifolia and E. pallida have been shown to contain 0.3-
1.7 % echinacoside (5) (22). Both species can be discriminated by the occurrence of 1,3-
and 1,5-O-dicaffeoyl-quinic acids (11, 12), which are only present in the roots of E. 
angustifolia. Echinacoside has low antibacterial and antiviral activity, but does not show 
immunostimulatory effects (23,24). 

The roots of E. purpurea do not contain echinacoside, but cichoric acid (IR,3R-
dkaffeoyl tartaric acid; 14) and caftaric acid (monocaffeoyl tartaric acid; 13) are the main 
constituents. Cichoric acid (14) is also a major constituent in the aerial parts of 
Echinacea species (25,26). The aerial parts of E. angustifolia and E. pallida have also 
been shown to contain verbascoside (7), a structural analogue of echinacoside (5) (30). 
Cherninat et al. (28) have isolated des-rhamnosyl-verbascoside (8) and 6-O-caffeoyl-
echinacoside (6) from E. pallida. The latter compound was present only in the roots. 

From the leaves of E. purpurea, cichoric acid methyl ester (15), as well as 
2-0-caffeoyl-3-0-feruloyl-tartaric acid (18) and 2,3-O-diferuloyl-tartaric acid were 
isolated (29). Later 2-O-feruloyl-tartaric acid (16) and 2-0-caffeoyl-3-0-cumaroyl-
tartaric acid (17) were also found (27). From E. pallida, 2-0-caffeoyl-3-0~ 
feruloyl-tartaric acid (18), 2,3-0-di-5-[a-carboxy-fi-(3,4-dihydroxy-phenyl)-
ethyl-caffeoyl-tartaric acid (19), and 2-0-caffeoyl-3-0-{5-[a-carboxy-B-(3,4-dihydroxy-
phenyl)-ethyl]-caffeoyl}-tartaric acid (20) were isolated (28). Echinacoside (5) and 
cichoric acid (14) were also detected in tissue cultures of E. purpurea and E. angustifolia 
(28). In the leaves, flavonoids, such as rutoside, have also been identified (29). 

Cichoric acid (14) has been shown to possess phagocytosis stimmulatory activity in 
vitro and in vivo, while echinacoside (5), verbascoside (7) and 2-caffeoyl-tartaric acid 
(13) do not exhibit this activity (30). Cichoric acid was also recently shown to inhibit 
hyaluronidase (Figure 5) (31) and to protect collagen type III from free radical induced 
degradation (32). Therefore, it could also play an important role in the activity of 
Echinacea extracts. 

Cichoric acid is especially abundant in the flowers of all Echinacea species and in 
the roots of E. purpurea (1.2-3.1% and 0.6-2.1%, respectively). Much less is present in 
the leaves and stems. E. angustifolia contains the lowest amount of cichoric acid (30). 
The content, however, strongly depends on the season and the stage of development of 
the plant (33). 

Cichoric acid undergoes degradation during preparation of alcoholic tinctures. 
During five days of ethanol 50 % maceration of E. purpurea tops, it was found that the 
content of cichoric acid decreased rapidly, although it was stable when the plant material 
was filtered off after the first day (Figure 6). Therefore, we assume enzymatic 
degradation occurred during the extraction process (34). 

When analyzing six different products containing the same amount of E. purpurea 
expressed juice, we found dramatically different contents of cichoric acid (0.0-0.4 %), 
even within different batches of the same brand (Figure 7). This may be due to different 
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R R' 

5 Echinacoside Glucose (1,6-) Rhamnose (1,3-) 

6 6-O-CafFeoyl-echinacoside 6-O-CafFeoyl-glucose (1,6-) Rhamnose (1,3-) 

7 Verbascoside H Rhamnose (1,3-) 

8 Desrhamnosyl-verbascoside H H 

Figure 2. Phenylpropanoid glycosides found in Echinacea species. 

OH 

Ri R2 R3 

9 Quinic acid H H H 

10 Chlorogenic acid H R H 

11 1,3-DicafFeoyl-quinic acid (Cynarin) R R H 

12 1,5-Dicaffeoyl-quinic acid R H R 

Figure 3. Quinic add derivatives from Echinacea species. 
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COOR, 

R' = 

R 2 R 3 
R 4 R 5 

13 2-O-Caffeoyl tartaric acid 
(Caftaric acid) 

H H OH H - -

14 2,3-O-Di-caffeoyl tartaric acid 
(Cichoric acid) 

H R» OH H OH H 

15 2,3-O-Di-caffeoyl tartaric acid 
methyl ester 

C H 3 R' OH H OH H 

16 2-O-Feruloyl tartaric acid H H OCH 3 H - -

17 2-0-Caffeoyl-3-0-cumaroyl tartaric acid H R' H H H H 

18 2-0-Caffeoyl-3-0-feruloyl tartaric acid H R' OH H OCH3 H 

19 2,3-0-Di-5-[a-carboxy-P-(3,4-dihydroxy- H 
phenyl)-ethyl] tartaric acid 

R' OH R" O H R" 

20 2-0-Caffeoyl-3-0-{5-[a-carboxy- H R OH H OH R" 
P-(3,4-dihydroxy-phenyl)-ethyl]-caffeoyl} 
tartaric acid 

Figure 4. Tartaric acid derivatives from Echinacea species. 
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Figure 6. Degradation of cichoric add during the preparation of alcoholic E. 
purpurea mother tincture, as shown by the HPLC fingerprints (38). 
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r 0,5 

- 0,375 

0,25 

1 M i l 14 4 4 

0,125 

4 -
1 2 3a 3b 3c 4a 4b 5a 5b 5c 5d 6a 6b 6c 6d 

Products and batches 

| Alkamides (y1) • Cichoric acid (y2) 

Figure 7. Content of cichoric acid and dodeca-2E,4E,8Z,10E,Z-tetraenoic 
acid-isobutylamide in different preparations containing Echinacea purpurea 
expressed juices (39). 
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manufacturing processes which allow or inhibit enzymatic activity. In products prepared 
by special procedure (Schoenenberger process) cichoric acid seemed to be preserved 

Standardization of the products seems to be necessary. Cichoric acid and other 
caffeoyMes present in Echinacea can be determined by HPLC or by a recently developed 
capillary zone electrophoresis method. This method provides an excellent resolution and 
a very high sensitivity (36). 

The lipophilic constituents of Echinacea roots can be analyzed by HPLC as welL 
Striking differences have been observed between the constituents of E. angustifolia 
(alkamides; Figure 8) and E. pallida (ketoalkenynes; Figure 9). Echinacea purpurea 
roots also contain alkamides, however with two double bonds in conjugation to the 
carbonyl group, while E. angustifolia mainly contains compounds with a monoene 
chromophore. 

The major lipophilic constituents of E. pallida roots have been identified as 
ketoalkenes and ketoalkynes with a carbonyl group in the 2-position (26, 37, 38). The 
main constituents are tetradeca-8Z-ene-ll,13-diyn-2-one (21), pentadeca-8Z-ene-ll,13-
diyn-2-one (22), pentadeca-8Z,13Z-diene-ll-yn-2-one (23), pentadeca-8Z,HZ,13E-
triene-2-one (24), pentadeca-8Z,ll£,13Z-triene-2-one (25) and pentadeca-8Z,HZ-diene-
2-one (26). They occur only in trace amounts in E. angustifolia and E. purpurea roots. 
Therefore, they are suitable as markers for the identification of E. pallida roots. It has 
been observed that these compounds undergo autoxidation when the roots are stored in 
powdered form (42). Then, mainly the hydroxylated artifacts, 8-hydroxy-
tetradeca-9£-ene-11,13-diyn-2-one (29), 8-hydroxy-pentadeca-9£-ene-ll,13-diyn-2-one 
(30) and 8-hydroxypentadeca-9E, 13Z-diene-11 -yn-2-one (31) can be found (Figure 10), 
often with only small residual quantities of the native compounds (39). Therefore, the 
roots are best stored in whole form. 

About 15 alkamides have been identified as major lipophilic constituents of E. 
angustifolia roots (40-42). They are mainly derived from undeca- and dodecanoic acid, 
and differ in the degree of unsaturation and the configuration of the double bonds (Figure 
8). The main structural type is a 2-monoene-8,10-diynoic acid isobutylamide, but also 
some 2'-methyl-butylamides have been found. 

In Echinacea purpurea roots, 11 alkamides have been identified (30, 45). In contrast 
to E. angustifolia, most of these alkamides possess a 2,4-diene moiety with the isomeric 
mixture of dodeca-2£:,4£,8Z,10£>Z-tetraenoic acid isobutylamides (36, 37) as the main 
compounds. Therefore, the roots of E. purpurea and E. angustifolia can clearly be 
discriminated also by HPLC of the lipophilic constituents (41,42). 

The aerial parts of all three Echinacea species contain alkamides of the type found 
in E. purpurea roots, also with dodeca-2£,4£,8Z,10E/Z-tetraenoic acid isobutylamides 
(36,37) as the main constituents (30,43). 

When testing the alcoholic extracts obtained from the aerial parts and from the roots 
for phagocytosis stimulating activity, the lipophilic fractions showed the highest activity, 
indicating that the lipophilic constituents should also represent an active principle (34, 
44). Ethanolic extracts of the aerial parts of E. angustifolia and E. purpurea showed 
immunomodulating activity on the phagocytic, metabolic and bactericidal activities of 
peritoneal macrophages in mice (45-47). 

Purified alkamide fractions from E. purpurea and E. angustifolia roots were shown 
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32 Uideca-2Zs4Ekfiai&-8,10. 
diynoic aridriscbutylamicle 

33 
Dodeca-2E,42kiiQie-8,10-
diynoic acid-isobutyiarrride 

34 
Trideca-2E;7Ẑ ene-10,12-
diyiiQic addrisdbutylamide 
35 
Etodeca-2E,4Zkiiene-8,10-di-
ynoic add-2-meuh>d-butjdarride 
36 
Etodecar2E;4E,8Z> lOB-tetrar 
enoic acid-isobutylamide 
37 
Etodecar2E,4E;8Z> lOZ-tetra-
enoic acid-isobutyiamide 
38 
Undeca-2r>ene-8,10-diynoic 
acid-isobutylamide 

39 Uhdeca-2Zrene-8,10-diynoic 
acid-isobutyiamide 

40 
Dodeca-2E-ene-8,10-diynoic 
acid-isobutylamide 

41 
Pentadeca-2E,9Z-diene-
12,14-diynoic acidriso-
butylamide 

Figure 8. Main alkamides found in Echinacea aerial parts and E. purpurea and 
E. angustifolia roots. 
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0 

R 

21 Tetradeca-8Z-ene-l 1,13-diyn-2-one 
/ 

22 Pentadeca-8Z-ene-11,13-diyn-2-one R . / 
/ 

23 Pentadeca-8Z, 13Z-diene-11 -yn-2-one R - / 

24 Pentadeca-8Z,1 lZ,13E-triene-2-one R = 

25 Pentadeca-8Z, 11E, 13Z-triene-2-one R = \ 

w 

26 Pentadeca-8Z,llZ-diene-2-one 

27 Heptadeca-8Z,llZ-diene-2-one 

28 Pentadeca-8Z-ene-2-one 

Figure 9. Ketoalkenes and ketoalkynes found in Echinacea pallida roots. 

29 8-rfydroxytetra^ R = 

30 8-Ffydroxypentadeca-9P>ene-l 1,13-diyn-2-one R = 

31 8-E^droxypentadeca-9E, 13Z-diene-1 l-yn-2-one R = 
w 

Figure 10. 8-Hydroxy-ketoaikenynes formed via autoxidation in powdered 
Echinacea pallida roots. 
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to enhance phagocytosis in the Carbon-Clearance-Test by a factor of 1.5 to 1.7 (34). So, 
they also contribute to the immunostimulatory activity of Echinacea tinctures. Since the 
main constituent, dodecatetraenoic acid-isobutylamide, only exhibited weak activity, the 
most effective constituent remains to be found. Alkamides also displayed marked 
inhibitory activity in vitro in the 5-lipoxygenase (porcine leukocytes) and cyclooxygenase 
(microsomes from ram seminal vesicles) assays. Dodeca-2E,4E,8Z,10E/Z-tetraenoic acid 
isobutylamides (36,37) inhibited cyclooxygenase at a concentration of 50 pg/ml by 54.7 
% and 5-lipoxygenase at a concentration of 50 p M by 62.2 % (46). 

Determination of the contents of alkamides (dodeca-2Zs,4E,8Z, lOE/Z-tetraenoic acid 
isobutylamides) by HPLC showed that they accumulate primarily in the roots and 
inflorescences, the highest content being found in E. angustifolia. E. pallida roots 
contain only trace amounts of alkamides, roots of E. purpurea 0.004 - 0.039%, and those 
of E. angustifolia 0.009 - 0.151%. The yield in the leaves is 0.001 - 0.03% (48). Small 
amounts of alkamides can also be found in the expressed juice of E. purpurea. They may, 
therefore, also contribute to its immunomodulatory activity. However, the content also 
varies considerably between the different products on the market (Figure 7) (39). 
Standardization seems to be necessary. 

It is obvious that not a single, but several constituents, like the alkamides, cichoric 
acid, glycoproteins and polysaccharides, are responsible for the immunostimulatory 
activity of Echinacea extracts. Therefore, the application of extracts appears to be 
reasonable. However, standardization of these extracts is a must for generating 
reproducible products and reproducible activity. 

Clinical Studies 

Many case reports exist which report the effectiveness especially of Echinacea purpurea 
expressed juice [for reviews see (4) and (47)], but few controlled clinical studies have 
been performed to demonstrate the therapeutic value of Echinacea preparations (Table 
I). 

In one comparative study, the effect of adjuvant application of E. purpurea 
expressed juice on the recurrence of vaginal Candida mycoses within six months was 
tested. Econazol nitrate was used as a local therapeutic agent over 6 days. The 
recurrence frequency in the group which was treated only with econazol nitrate was 
60.5%. This decreased to between 5 and 16% (depending on the mode of application) 
after adjuvant application of E. purpurea expressed juice (56). 

A retrospective study with 1280 children with bronchitis demonstrated that 
treatment with E. purpurea expressed juice caused a faster healing process than in the 
group treated with an antibiotic (57). This can be explained by the fact that bronchitis is 
mostly a viral infection in which antibiotics have no effects, while the Echinacea 
preparation stimulates the unspecific defense mechanisms in order to attack the virus 
infected cells. 

In a placebo-controlled double-blind study on 108 patients with the efficacy of 
treatment with E. purpurea expressed juice (orally 2x4 mL daily over 8 weeks) was 
tested. There were less and less severe infections observed in the verum group. In 
patients which started the study with a T4/T8 ratio of < 1.5, a reduction of the duration 
of the disease was achieved (5.34 days instead of 7.54 days) (58). 
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Table I. Recent Clinical Studies with Echinacea Preparations 
Aim of the study Preparation Effect Ref. 
Adjuvant therapy of 
recurrent vaginal 
Candida infections 

E. purpurea 
expressed juice prep, 
(various amounts) 

reduction of recurrence 
rate from 60.5% to 5-16% 

48 

Treatment of acute 
bronchitis in children 

E. purpurea 
expressed juice prep. 
(1-3 ml/day Lv.) 

faster healing process 49 

Treatment of the 
common cold 

E. purpurea 
expressed juice prep. 
(2x4 mL/day orally) 

lower infection frequency; 
faster healing process 

50 

Treatment of the 
common cold 

hydroalcoholic extract 
of E. purpurea roots 
(900 mg root/day) 

significantly faster reduction 
of symptoms than in the 
placebo group 

51 

Treatment of infections hydroalcoholic tincture significantly faster recovery 
of the upper respiratory (1:5) of E. pallida than in the placebo group 
tract roots (900 mg root/day) 

52 

Treatment of common 
cold 

vitamin C and E. 
purpurea root extract 

length of the common cold 
was reduced 

53 

A placebo-controlled double-blind study has been performed to prove the 
therapeutic effectiveness of an alcoholic extract of E. purpurea roots on 180 patients 
with the common cold (59). They evaluated a score of symptoms, like irritated nose, 
frontal headache, lymphnode swelling, coated tongue, and rale, at the beginning of the 
study and after 3-4 and 8-10 days. The dose equivalent of 900 mg root/day (3 x 60 
drops) caused a significantly faster reduction of symptoms compared to the placebo 
group and compared to a group treated with 450 mg/day (3 x 30 drops) only. 

A similar placebo controlled double blind study with 160 patients has been 
performed with a hydroalcoholic tincture (1:5) of E. pallida roots (60). The group of 
patients treated with a dose of 90 drops (equivalent of 900 mg roots) E. pallida tincture 
recovered significantly faster from infections of the upper respiratory tract than the 
placebo group. 

In a randomized, single-blind, and placebo-controlled study with 32 subjects (17 
male and 15 female, ages 18 to 71 years), the efficacy of an anti-cold remedy including 
vitamin C (dose#) and E. purpurea root extract (dose#) in the treatment of the common 
cold was investigated. The evaluation parameter was the duration of the illness based on 
rhinorrea (nasal drip) and the number of paper tissues used daily by each subject. The 
length of the common cold was 3.37 days in the verum-treated patients and 4.37 days in 
the placebo-treated patients (p < 0.01). Also, the number of tissues used was significantly 
different between the two groups (882 treated, 1168 placebo). The preparation was 
found to be useful and safe for the treatment of the common cold (61). 
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A few studies have also been performed on the effectiveness of Echinacea 
preparations in the adjuvant treatment of cancer (62-65). 

The clinical studies performed with Echinacea preparations have recently been 
reviewed by Mekhart et al. (62). The authors concluded that the studies prove that 
Echinacea preparations can be effective for the enhancement of the body's defense 
mechanisms, but that further investigations are necessary to find the best dosage and 
application form. 

Adverse Effects and Toxicological Considerations 

Little information exists on the side effects and toxicological risks of Echinacea 
treatment. Clinical reports provide indications of a good tolerability. For the parenteral 
application of Echinacea preparations, a rise in body temperature by 0.5 to 1.0°C has 
been reported. Shivering and other "influenza-like" symptoms have been occasionally 
observed. Brief fever can be the result of the secretion of interferon-a and interleukin 1 
(endogenous pyrogen) from macrophages, Le. it always occurs when macrophages are 
stimulated. Rarely, acute allergic reactions can occur (63). Adverse effects on oral 
administration of the expressed juice for up to 12 weeks are infrequent and consist mainly 
of unpleasant taste (64). 

Because of general considerations, Echinacea preparations should not be used in 
case of progressive systemic diseases like tuberculosis, leukoses, collagenoses, multiple 
sclerosis, AIDS disease, HIV infection, and other autoimmune diseases (65). In case of 
diabetes, the metabolic status may become worse (66,67). Mutagenicity studies did not 
show any tumour initiating properties (68,69). 

The acute toxicity of E. purpurea root extract and E. purpurea aerial parts 
expressed juice is extremely low (72). Also in long-term treatment, the expressed juice 
of E. purpurea was shown to be well-tolerated (70). 

Conclusions 

As a consequence of the research and experience with Echinacea plants, two preparations 
have been approved in Germany by the health authorities to be effective drugs: the 
expressed juice of E. purpurea aerial parts for the internal adjuvant therapy of relapsing 
infections of the respiratory and urinary tract, and externally for poorly healing superficial 
wounds; and tinctures of E. pallida roots for adjuvant therapy of common cold like 
infections. Extracts of E. purpurea roots have not yet been approved in Germany, but 
they have also shown effectiveness in the treatment of the common cold (70, 71, 75). 
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Chapter 13 

Feverfew: A Review of Its History, Its Biological 
and Medicinal Properties, and the Status 
of Commercial Preparations of the Herb 

S. Heptinstall1 and D. V. C. Awang2 

1Cardiovascular Medicine, University Hospital, Nottingham NG7 2UH, 
United Kingdom 

2MediPlant Consulting Services, P.O. Box 8693, Station T, Ottawa K1G 3J1, 
Canada 

Feverfew (Tanacetum parthenium (L.) Schultz Bip.) has been used 
since antiquity to reduce fever and pain and there are many anecdotal 
claims of efficacy. Placebo-controlled clinical trials have been 
performed in prophylaxis of migraine and treatment of rheumatoid 
arthritis. In migraine good evidence has been obtained for a reduction 
in frequency and severity of attacks and degree of nausea and vomiting 
following administration of feverfew leaf. No clear clinically 
demonstrable benefit has been achieved in rheumatoid arthritis. 
Extracts of feverfew tested in vitro have been shown to inhibit platelet 
aggregation and granule secretion (release of serotonin) and to inhibit 
some functions of white blood cells and vascular smooth muscle cells. 
Most of these inhibitory effects appear to be mediated by parthenolide, 
the principal sesquiterpene lactone present in the efficacious feverfew, 
probably through Michael addition of sulphydryl groups to its α-
methylenebutyrolactone function. Commercial preparations of 
feverfew leaf in capsules or tablet form vary enormously in their 
parthenolide content, and if parthenolide is a clinically significant 
active constituent of feverfew some of these may be expected to offer 
poor therapeutic effectiveness. However, the parthenolide-based 
hypothesis is challenged by results of a recent trial of a parthenolide
-rich ethanolic extract of feverfew in migraine prophylaxis. 

There has been a resurgence of interest in feverfew in recent years particularly in the 
U.K., U.S.A. and Canada. This review is in four parts. In Part 1 we consider the nature 
of the plant and some of the anecdotal claims that have been made regarding its value 
as a medicinal agent. In Part 2 we report on the formal clinical trials that have been 
performed to assess its efficacy as a prophylactic for migraine and in treatment of 
rheumatoid arthritis. In Part 3 we consider the mechanisms through which feverfew 

158 ©1998 American Chemical Society 
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may act as a medicinal agent, especially addressing the possibility that the main active 
constituent may be the sesquiterpene lactone parthenolide. In Part 4 we review the 
status of some of the commercial preparations of feverfew that are available and the 
prospects for regulation and control of feverfew products. 

Part 1. What is Feverfew and Why is it of Interest? 

Feverfew was originally assigned to the genus Rudbeckia then Matricaria by 
Linnaeus and eventually reassigned to Tanacetum by Schultz Bipontinus who is 
responsible for the designation Tanacetum parthenium. (L.) Schultz Bip. It has also 
been known as Chrysanthemum parthenium (L.) Benin., currently the most frequently 
encountered synonym, as well as Leucanthemum parthenium (L.) Gren and Godron 
and Pyrethrum parthenium (L.) Sm. (7). It is a member of the aster/daisy family. In 
the old herbals it has been referred to as federfoy, featherfew, flirtwort, bachelor's 
buttons, nosebleed and midsummer daisy. In Germany it is known as mutter kraut 
(mother herb), in Wales as feddy gen fenyw (woman's plant) and in Latin America as 
Santa Maria, the Blessed Virgin. Foster (2) claims that the generic name Tanacetum 
derives from an altered form of Athanasis (Greek, athanatos) meaning immortal, an 
allusion to the ever-lasting nature of the dried flowers. The reference to immortality 
could also derive from a classical legend in which a drink made from tansy 
(Tanacetum vulgare) was given to a beautiful young man, Ganymede, so that he could 
serve as Zeus' cup-bearer. The specific name parthenium (from the Greek parthenos 
meaning virgin) was originally applied to another plant by Hippocrates, referring to 
traditional use by women to help relieve menstrual cramps (3) . 

A distinctive feature of feverfew is its pungent smell and bitter taste which is 
always evident irrespective of variety. Its leaves are chrysanthemum-like in 
appearance and the colour, dependent on the variety, can be dark to light green or 
yellow. The latter is known as golden feverfew or Tanacetum parthenium aureus (4). 
In summer the plant displays daisy-like flowers in clusters, usually with yellow 
centres and radiating white florets which can be present in single or double layers, 
spaced or overlapped. Some varieties are devoid of ray florets. The most common 
variety found growing in the wild in the U.K. is a dark green leafed variety with a 
single row of ray florets. At maturity it is about 50 cm tall. Most of the experimental 
and clinical studies that have been performed have involved the use of leaves taken 
from this particular variety. 

Feverfew is a plant for which a great many medicinal properties have been 
claimed, and these can be divided into ancient and fairly recent uses. 

Ancient Uses 

The ancient uses of feverfew are derived from the old herbals and include agues, 
fever, headache, stomach ache, insect bites, toothache, vertigo, difficulties in labour, 
threatened miscarriage and regulation of menstruation. These uses are illustrated 
below by a series of quotations taken from the herbals themselves and from reviews 
written on the subject. 

An early reference to "agues" can be found in Culpeper's Complete Herbal, 
originally produced in 1649 (5): "the decoction drank warm, and the herb bruised, 
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with a few corns of bay-salt, and applied to the wrists before the coming of the ague 
fits, does take them away." The same source contains a reference to headache: 
"[Feverfew] is very effectual for all pains in the head coming of a cold cause, the herb 
being bruised and applied to the crown of the head." John Hi l l , in "The Family 
Herbal" published in 1772 affirmed: "In the worst headache [feverfew] exceeds 
whatever else is known." (6). According to Berry (7): "Feverfew has been called the 
aspirin of the 18th century." 

There is an early reference in Bancke's herbal (1525) to the use of feverfew for 
comforting stomach ache and for soothing insect bites: "This is named Federfoy. His 
virtue is to comforte a mannus stomake. It is good to asswage the axes cotydyan, ye 
crampe, and to tempre it that cometh of colde stomackes. Also it is good to lay a soore 
that is byten with venymous beestes; it will hele it shortly on it be layed thereto". As 
regards toothache, according to Charles Estienne "Stampt and applied unto teeth or 
eare of the side that aketh, it wholy asswageth the paine of the teethe" (#). In 1597 
Gerard advocated feverfew as being "very good for them that are giddie in the head, 
or which have the turning called Vertigo, that is, a swimming and turning in the head" 

Back to Culpeper for a statement on "female complaints": "Venus commands 
this herb, and has commended it to succour her sisters to be a general strengthener of 
their wombs, and to remedy such infirmities as a careless midwife has there caused; if 
they will be pleased to make use of her herb boiled in white wine, and drink the 
decoction, it cleanses the womb, expels the afterbirth, and does a woman all the good 
she can desire of an herb." (5) 

More Recent Uses 

More recently the main focus of the herb has been migraine and arthritis, for which 
there have been a large number of anecdotal claims of efficacy made in letters to 
newspapers, claims that have found their way into popular books on the subject. An 
early advocate was a certain Mrs. Ann Jenkins who, in 1973, at the age of 68 and 
having suffered migraine since the age of 16, was persuaded to try feverfew by a 
friend of her sister, whose father had found it effective in arthritis. It worked, and it 
also worked for her friends. 

The story is recounted in detail in the book by Johnson (10) who also records 
other, even earlier, success stories in migraine: "A 60-year old woman from Berkshire 
who had suffered two or three migraine attacks a week since childhood began taking 
two leaves of feverfew daily in June 1971. Five months later she wrote 'Since then I 
have experienced only one very minor migraine attack. A l l through my school life and 
right until the beginning of July this year, at least one day a week was shear misery.'" 

In a book by Hancock (77) there is an enthusiastic claim of effectiveness in 
arthritis: "The results are fantastic, after 20 years of suffering and so crippled I could 
barely walk, with advanced arthritis of both knees and feet. I am very grateful for the 
help I am getting with feverfew." 

However, not all correspondents were quite~so enthusiastic, and some adverse 
effects have also been reported. For example, the following two quotations appear in 
Johnson's book: "over four months the feverfew did not make any difference", and 
"she only took feverfew for about six weeks and then had a very intense allergic 
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reaction to it - her mouth and lips swelled as though stung. She has not taken any 
since." 

In his book Johnson records his own early work on feverfew which involved 
obtaining information via questionnaires from 300 people who had used the herb for 
headache and migraine. Over 70% of all respondents claimed that the herb produced 
benefit as a consequence of taking it over prolonged periods. 

In general, reports of side-effects have been limited. Some people do 
experience mouth ulceration which can be serious enough for them to discontinue 
taking the herb. Contact-dermatitis is also quite common which can be a particular 
problem to those who grow feverfew (72). 

One of the authors (SH) recently received a letter from the retired physiologist 
Professor Mary Pickford, who wrote as follows: "When my housekeeper had an attack 
of migraine I picked 5 leaves and told her to chew them. Within 20-30 minutes her 
pain had vanished." She concluded that ingredients extracted from the leaves into 
saliva provide a means of treating migraine as well feverfew acting as a preventative. 
Such symptomatic relief goes against the widely held view that feverfew is only of 
value in migraine as a prophylactic. 

Of course, none of these claims of efficacy, either ancient or modern, can be 
taken to provide any proof whatsoever that feverfew has any medicinal properties. But 
what these claims of efficacy in migraine and arthritis did do was encourage 
prospective evaluation of the value of feverfew in these conditions, and encourage 
scientific investigation on possible mechanisms of action of the herb, and on the 
nature of the chemical constituents that may be responsible for any therapeutic effects. 

Part 2. Have any of the Reported Benefits of Feverfew Been Confirmed in 
Prospective Clinical Trials? 

Three prospective clinical trials have been performed involving dried whole feverfew 
leaf, two to assess the value of feverfew in migraine and one in rheumatoid arthritis. 
In short, the two dried leaf studies in migraine provided good evidence of benefit from 
feverfew in this condition. The one in rheumatoid arthritis did not provide good 
evidence of benefit. More recently a further study has been performed in migraine, 
this time using an ethanolic leaf extract. In contrast to the results with dried leaf, the 
ethanolic extract did not appear to provide any benefit. 

The first trial of feverfew in migraine was conducted by Johnson et al (75). It 
was a double blind, placebo controlled trial of the herb that involved 17 migraineurs 
who had already been taking feverfew for at least three months, 8 of whom continued 
to take feverfew in the form of encapsulated dried leaf (25 mg feverfew leaf per 
capsule), and 9 who switched to placebo. The patients were instructed to take two 
capsules every morning with food for six periods of four weeks. In the 8 who 
continued there was no change in the frequency or severity of migraine. In the 9 who 
switched to placebo there was a significant increase in frequency and severity. For the 
8 patients who continued on feverfew, mean values of monthly frequencies of 
headache were 1.63 and 1.69 attacks per month. The 9 patients who changed to 
placebo went from 1.22 attacks per month up to 3.13 attacks per month. Also nausea 
and vomiting was more common in the placebo than in the feverfew treated group. 
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The second of the migraine trials was performed by Murphy et al (14) at the 
University of Nottingham. This was also a double blind, placebo controlled trial of 
feverfew in migraine prevention, and the results were published in the Lancet in 1988. 
The trial involved 72 migraineurs who at the time of recruitment were not taking 
feverfew. A l l the vounteers received placebo for 1 month and then were randomly 
allocated to receive feverfew or placebo for four months, after which time they 
swapped over to receive the other treatment for a further four months. The feverfew 
was again in the form of dried feverfew leaf placed in gelatin capsules (mean weight 
82 mg containing 2.19pmol [0.54 mg] parthenolide per capsule); the placebo was 
dried cabbage leaves in identical capsules. The effects of the treatment were assessed 
every two months. At the end of this long study full information was available for 59 
of the volunteers. Treatment with feverfew was associated with a significant decrease 
in the frequency and severity of attacks, and in the degree of vomiting. The mean 
number of attacks in each two month period was reduced from 4.7 to 3.6, which was 
highly significant. Interestingly, there was no change in the mean duration of 
individual attacks. This trial was in line with the guidelines of the International 
Headache Society Committee on Clinical Trials in Migraine which recommends a 
minimum of 40 patients (15). 

The third study performed again at the University of Nottingham involved 
patients with rheumatoid arthritis (76). This was a simple double blind, placebo 
controlled study that involved 40 female patients, 20 of whom took feverfew for 6 
weeks and 20 who took placebo for 6 weeks. The feverfew (mean weight 76 mg) and 
placebo capsules were prepared in the same way as those used in the study by Murphy 
et al (14). Numerous measurements were performed before and after treatment; 
however the only significant change was a slight increase in grip strength in the 
feverfew treated group. In view of the number of different measurements performed it 
was considered possible that this improvement had occurred by chance. Although 
feverfew did not, then, prove to be of clear benefit in this particular trial, it should be 
noted that the patients studied were also unresponsive to other, more conventional 
therapies and that feverfew was being provided in addition to those therapies. It 
remains possible that feverfew would have proved more effective in people with less 
severe disease, and the authors noted that there may be possible benefit for 
osteoarthritis and soft tissue lesions for which self-treatment with feverfew is probably 
most common. 

As part of all the trials, extensive data on possible adverse effects were 
collected. These included extensive haematological investigations and liver function 
tests. In short, nothing was found to suggest that feverfew may produce serious side 
effects at the doses that were used and for the durations of treatments that were 
investigated. Studies of possible genotoxic effects of taking feverfew have also been 
performed, with negative results (77, 18). 

One outcome of these investigations was that feverfew found a place in 
Martindale's pharmacopeoia (30th Edition) (19), as well as the British Herbal 
Pharmacopeoia (20). In both cases reference is made to its use in migraine 
prophylaxis and its purported value in arthritis. Another outcome is that organisations 
such as the British Migraine Association have produced information leaflets on 
feverfew intended to be of benefit to the lay public (27). 
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Very recently the results of a fourth study involving feverfew have been 
published (22). This was another prospective study in migraine but differed from 
those conducted previously in that it compared an ethanolic extract of feverfew with 
placebo rather than utilizing a whole dried leaf preparation. The "active" capsules 
were filled with dried ethanolic extract of feverfew on microcrystalline cellulose and 
contained 0.5 mg parthenolide. It was a placebo-controlled cross-over study involving 
50 patients in which "active" capsules or placebo were each administered for 4 
months. The results of this more recent trial were disappointing. Although 44 patients 
completed the study there was no apparent difference between the two treatment 
regimes in terms of number of attacks or number of lost working days. Further 
comments on the results of this trial are provided below. 

Part 3. Through what Mechanisms might Feverfew act as a Medicinal Agent and 
what is the Evidence that Parthenolide might be Involved? 

In an attempt to gain some insight into the mechanisms through which feverfew might 
act in man, various aqueous extracts of feverfew leaf have been prepared and tested in 
vitro in a number of biological systems. The first such experiment was described by 
Clothier et al (23) in a short letter to the Lancet published in 1980. These authors 
determined the effect of an extract of feverfew on prostaglandin synthesis in a cell-
free test system and reported inhibition of prostaglandin synthesis, but apparently not 
via an effect on the enzyme cyclo-oxygenase. Soon afterwards (in 1981/2) Makheja 
and Bailey showed that an extract of feverfew inhibited thromboxane synthesis in 
intact cells as well as phospholipase A2 in a cell-free system (24,25). Phospholipase 
A 2 is an enzyme that liberates arachidonic acid from phospholipid for subsequent 
conversion into prostaglandins and thromboxanes. The cells used were blood platelets 
and the authors also demonstrated inhibition by the feverfew extract of platelet 
aggregation induced by adenosine diphosphate (ADP), collagen or thrombin, but not 
that induced by arachidonic acid. In another study a feverfew extract was also shown 
to be an inhibitor of smooth muscle phospholipase A2 (26). 

Heptinstall et al 1985 (27) confirmed that extracts of feverfew do inhibit 
prostaglandin and thromboxane synthesis in platelets, at least under some 
circumstances, and found inhibition of the platelet aggregation induced by adrenaline, 
collagen, ADP, U46619 (a stable thromboxane A2 mimetic). Unlike Makheja and 
Bailey, they also found some inhibition of the aggregation induced by arachidonic 
acid. Their findings were consistent with an effect on phospholipase A 2 but they 
concluded that other effects of feverfew were also involved. Heptinstall et al also 
discovered that extracts of feverfew inhibit the platelet release reaction, the process 
through which the contents of intracellular storage granules, including 5-
hydroxytryptamine (serotonin), are released from platelets. There was also inhibition 
of release of granule contents (measured as vitamin B12-binding protein) from 
another cell type, polymorphonuclear leukocytes. The inhibitory effects of feverfew 
on serotonin release from platelets were considered to be particularly interesting 
because it had already been speculated that platelet-derived serotonin may be involved 
in migraine (28). It was also considered that the inhibitory effects of feverfew on 
leukocytes could account for its claimed benefit in rheumatoid arthritis. 
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The aerial parts of feverfew are rich in sesquiterpene lactones (29), and in the 
feverfew that is grown in the U.K. and that was used in the various clinical trials, the 
sesquiterpene lactone that predominates is parthenolide. It is located in trichomes on 
the underside of the leaves as well as in the flowers and seeds and is thought to serve 
in a defensive capacity (30). The amounts present in leaves are normally well in 
excess of 2g/kg. Other sesquiterpene lactones are only present in mg/kg quantities 
(57). It is now known that, in comparison with the other sesquiterpene lactones 
present, parthenolide is unusual in that it is remarkably soluble in water as well as in 
organic solvents (amphiphilic) and large quantities are easily extracted into aqueous 
buffers (57, 52). Parthenolide (I), like many of the other sesquiterpene lactones found 
in the plant, contains an a-methylenebutyrolactone unit which, in this case, is linked 
to a 10-membered ring with an associated epoxide function and is known as a 
germacranolide. 

parthenolide (I) 

The question arose as to whether parthenolide and/or other sesquiterpene lactones are 
responsible for any of the biological effects of feverfew that had been observed. The 
first experiments were aimed at identifying the components of feverfew responsible 
for its inhibitory effects on adrenaline-induced platelet serotonin release, and involved 
a rough fractionation of an extract of feverfew to look for such activity in the different 
fractions obtained (55). The results were quite conclusive in that all the active 
fractions, but none of those that did not inhibit serotonin release, contained 
compounds with an a-methylenebutyrolactone unit. Particular sesquiterpene lactones 
that were identified with this activity were parthenolide (I), canin (II), artecanin (III), 
secotanapartholide A (IV) and 3p-hydroxyparthenolide (V). 

The ability of parthenolide to inhibit both platelet aggregation and serotonin 
release was confirmed in a direct comparison of feverfew extracts with the purified 
plant constituent itself (34, 35). Inhibition by parthenolide was at concentrations 
within the micromolar range. It was also found that both parthenolide and feverfew 
extract were particularly good inhibitors of the serotonin release induced when 
platelets were stimulated with phorbol esters, agents that activate protein kinase C. 
Later, it was found that parthenolide was the most potent of several sesquiterpene 
lactones tested as an inhibitor of serotonin release from platelets (57), and there was a 
close correlation between anti-secretory activity and the parthenolide content of plants 
grown from seeds derived from different geographical locations (56), as also between 
anti-secretory activity and the parthenolide content of several different commercial 
preparations of feverfew (57). 
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O O 

canin (II) artecanin (III) 

o 

secotanapartholide A (IV) 3p-hydroxyparthenolide (V) 

Following on from the early demonstrations of effects of feverfew extracts on 
secretory activity in platelets and polymorphonuclear leukocytes, several other 
investigations were performed. Feverfew extracts were found to inhibit various white 
cell activities in addition to secretion. These include the phagocytic activity of 
polymorphonuclear leukocytes together with the associated chemiluminescence 
response, and also leukocyte aggregation (38, 39). Inhibition by feverfew of the 
release of histamine from mast cells was also observed (40). Monocyte adhesion was 
shown to be slightly reduced by a feverfew extract (41), but more prolonged 
incubation produced cytotoxic effects on mononuclear cells (42). Any or all of these 
effects could also be related to a beneficial effect of feverfew in arthritis and other 
inflammatory conditions. 

Feverfew was found to inhibit platelet adhesion to collagen substrates (43) as 
well as reduce the extent of platelet aggregation (24, 25, 27, 35), and the platelet 
release reaction (27, 35). There was also an apparant protective effect on endothelial 
cells subjected to perfusion-induced injury (44). A l l this was taken to indicate that the 
herb may also have anti-thrombotic potential (45). 

In view of the purported effectiveness of feverfew in migraine, there has been 
interest in its possible effects on the contractility of smooth muscle in blood vessels. 
Early studies conducted by Johnson et al indicated that feverfew extract produced a 
reduction in smooth muscle contractions induced by acetylcholine, serotonin, 
histamine, prostaglandin E2 and bradykinin (see the patent application lodged by these 
authors in 1984) (46). More recently both feverfew extracts and parthenolide have 
been clearly shown to reduce the contractility of blood vessels to a number of agonists 
(47-49). The effect appears to be non-competitive and irreversible and possibly 
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associated with cytotoxicity. Indirect evidence has been obtained for inhibition by 
parthenolide of serotonin release from rat stomach fundus and associated contractile 
responses (50). 

The early observations were indicative of inhibitory effects of feverfew on 
arachidonate release via phospholipase A2, without an effect on cyclo-oxygenase (23-
27), and further evidence for an effect of feverfew on arachidonate release has also 
been obtained (57, 52). However, other work has suggested an additional direct effect 
on the enzymes cyclo-oxygenase and lipoxygenase (53, 54). These additional effects 
may be a consequence of using comparatively higher concentrations of parthenolide in 
the test-systems that were used. A n extract of feverfew has been shown to inhibit 
voltage-dependent potassium channels in single smooth muscle cells (55). An effect 
on the cAMP content of aortic segments has also been observed (44). Heptinstall and 
colleagues have recently found that parthenolide modifies calcium mobilization in 
single cells labelled with Fluo-3 (unpublished data). Interestingly, and unexpectedly, 
its effect was to enhance calcium mobilization in response to platelet activating 
agents, rather than inhibit it. Since it has recently been demonstrated that one rare 
form of migraine, namely familial hemiplegic migraine, is caused by mutations in a 
gene for a calcium channel and there is speculation that a similar etiology may be 
involved in common types of migraine (56), it is tempting to suggest that parthenolide 
may help restore normal calcium mobilization in cells with defective calcium 
channels. 

Very recently parthenolide was shown to inhibit the expression of inducible 
cyclo-oxygenase (COX-2) and pro-inflammatory cytokines (TNFa and IL-1) in 
macrophages. Parthenolide also inhibited protein tyrosine phosphorylation and this 
was correlated with its effect on expression on COX-2 and the cytokines (57). Even 
more recently parthenolide was shown to inhibit activation of NF-KB , a factor 
important in the transcription of genes for various inflammatory cytokines, including 
IL-6 (58). Thus inhibition of cytokine production may be another mechanism through 
which feverfew may produce its medicinal effects. 

Parthenolide contains an a-methylenebutyrolactone group and so can react 
with nucleophiles by the well-known Michael addition process. The compound is 
particularly reactive towards sulphydryl groups with formation of addition complexes 
(59). 

To see whether this type of reaction may be contributing to the biological effects of 
feverfew, the effects of pre-incubating an extract of the herb with cysteine or 2-
mercaptopropionylglycine have been investigated. These are agents which themselves 
contain free sulphydryl groups and thus act to conserve free sulphydryl groups in the 
tissue under investigation. It was found that pre-incubation with either agents served 
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to protect platelets from the inhibitory effects of feverfew on both aggregation and 
secretion (60, 61). In another approach direct measurements were made of the number 
of free sulphydryl groups in the acid-soluble fraction of platelets before and after 
incubation with pure parthenolide, and the results compared with the anti-secretory 
effects of parthenolide. The effects on the sulphydryl groups were shown to coincide 
with the effects on secretory activity. The expected consequences of sulphydryl group 
blockade on protein polymerisation and arachidonate metabolism were also observed. 
Thus further evidence was obtained that the effects of feverfew on platelets are via 
Michael addition between the free sulphydryl groups in platelets and the a-
methylenebutyrolactone unit of the parthenolide molecule. 

A reduction in the number of sulphydryl groups in leukocytes in parallel with 
inhibition of leukocyte function by feverfew has also been described (38). The effects 
of feverfew and of parthenolide on smooth muscle contractility are also neutralised by 
cysteine, again indication of SH-group involvement in its pharmacological effect (49). 
The effect of parthenolide on platelet calcium mobilization was also found to be 
dependent on the a-methylenebutyrolactone function since it is inhibited by cysteine 
(Heptinstall et al, unpublished data). Cysteine and other sulphydryl-containing agents 
also abolished the inhibitory efect of parthenolide on NF-KB activation, protein 
tyrosine phosphorylation, and COX-2 and cytokine expression (57, 58). 

Overall, then, several biological mechanisms have been identified through 
which feverfew may produce medicinal benefit, and parthenolide appears to be the 
main constituent that is responsible for many of the biological effects that have been 
observed. The mechanism of action may involve parthenolide interacting with 
sulphydryl groups in cells and tissues. 

What is the Evidence that Parthenolide might not be Involved? 

Contrary to the earlier very positive studies in migraine prophylaxis, the most recent 
trial of feverfew did not confirm any therapeutic effect for the herb. This trial (22) 
differed from those conducted previously (13, 14) in that an ethanolic extract of the 
herb was used rather than whole leaf. However the reported levels of parthenolide in 
the capsules that were used (0.5 mg) compared very favourably with the levels present 
(0.54 mg) in capsules used in one of the previous studies (14). Thus, i f parthenolide is 
indeed the active substance producing benefit in migraine, the amount present should 
have been sufficient for benefit to be seen. There appeared to be no problem with the 
stability of the parthenolide in the extract as levels remained constant throughout the 
course of the study. 

In looking for reasons for the discrepancy, the authors comment that the most 
recent trial differed from previous trials in that all of the patients had never previously 
consumed feverfew, and suggest that pre-use of the herb may have confounded 
previous results. However, since in the trial performed by Murphy et al (14) 
significant benefit was achieved even in the subgroup of 42 patients who had not 
previously used feverfew as well as in the whole group, this is an unlikely 
explanation. 

Another possibility suggested by the authors is that the extract may have 
lacked some essential ingredient other than parthenolide, required for feverfew's anti
migraine effect. They suggest that a compound such as chrysanthenyl acetate, present 
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in much reduced amounts in the extract (0.017%) compared with dried whole plant 
material (0.25%), may be a suitable candidate, based on the reported ability of this 
essential oil to act as an inhibitor of prostaglandin synthesis (54). Other, as yet 
unidentified components of feverfew leaf, not extracted, or degraded in processing, 
may yet be proven to contribute to the plant's effectiveness in migraine; such 
compounds may act separately or concomitantly, perhaps in association with 
parthenolide and other sesquiterpene lactones. 

Perhaps it is pertinent to note here that parthenolide is present in at least 32 
plants in addition to feverfew (62). No other parthenolide-containing plant has gained 
the prominence of feverfew as a medicinal agent, although, some species of the 
Magnoliaceae family, which also contain parthenolide, have been reported as being 
used as febrifuges in Thailand (63). Parthenolide has also been identified as the active 
constituent of an extract of Magnolia grandiflora exhibiting tumour-inhibiting 
properties (64). 

There are occasional reports that other non-sesquiterpene lactone components 
of feverfew may exert biological effects. One group has noted a pro-contractile 
activity in an extract prepared from feverfew powder that did not contain parthenolide 
or other butyrolactones (65), together with apparent inhibition of both thromboxane 
and leukotriene synthesis via both sesquiterpene lactone and non-sesquiterpene 
lactone components of feverfew (66). There is also a report of a biologically active 
lipophilic flavonol present in feverfew that may have anti-inflammatory properties 
(67). 

A final point that needs to be made is that, despite a wide range of biological 
effects having been demonstrated for feverfew and/or parthenolide in in vitro test 
systems, it has proved difficult to detect the same effects in vivo. Effects that have 
been actively looked for in blood taken after administration of feverfew to patients 
and healthy volunteers are inhibition of platelet aggregation and of serotonin release 
(68, 69). 

Part 4. What is the Status of Commercial Preparations of Feverfew? 

Clearly, until the component(s) that are responsible for the beneficial effects of 
feverfew are known, it may not be possible to provide clear guidelines for 
manufacture of effective commercial preparations of the herb. However, what can be 
done is try to ensure that commercial preparations match as closely as possible those 
preparations that proved to be effective in clinical trials. The characteristics of those 
preparations were as follows: 

1) The successful preparations contained pure feverfew leaf 
obtained from the feverfew chemotype that grows in the U.K. 

2) The feverfew was identified as Tanacetum parthenium by a 
qualified botanist. 

3) The preparations all contained parthenolide. 
4) The mean amounts of pure leaf administered in two trials (14, 

16) were 50 and 82 mg. 
5) In one trial (14) the mean amount of parthenolide administered 

was determined to be 0.54 mg. 
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The earliest analyses (70) of commercial preparations of purported feverfew involved 
assessment of the ability of extracts of the preparations to inhibit serotonin release 
from stimulated blood platelets. The analyses were performed before parthenolide was 
recognised as being responsible for feverfew's anti-secretory activity. The results 
indicated that three "herbal" preparations contained lower amounts of material active 
in the assay system than might have been expected when compared with air-dried 
leaves taken from a fresh feverfew plant grown locally, and that two "homeopathic" 
preparations exhibited no anti-secretory activity. Also, there was no detectable activity 
in "Chinese chrysanthemum crystals" sold as being "like feverfew". Thus, this early 
study was sufficient to emphasize the variability in some of the commercial 
preparations available at that time. There is much misinformation transmitted in the 
popular literature and in the publicity of manufacturers of herbal products (71). 

Three further studies of variability in anti-secretory activity and parthenolide 
in different plant products and commercial preparations have been performed (36, 37, 
72). In the most exhaustive investigation (37), 22 commercial preparations were 
included in the analyses. The parthenolide content of the various products were 
determined using three separate physicochemical techniques and the values obtained 
compared with the platelet anti-secretory activity of extracts of the preparations. 
Similar values were obtained irrespective of the type of measurement that was 
performed. In most cases nothing was known about the authenticity of the product. 
Nor was anything known about the parts of the plant used in its manufacture. Of the 
22 different capsules or tablets that were analysed, only 3 contained between 0.25 and 
0.6 mg per unit, levels that are comparable with the trial capsules used by Murphy et 
al (14), 11 contained between 0.1 and 0.25 mg per unit, levels below the amounts of 
parthenolide present in those trial capsules, and in 8 of the preparations parthenolide 
was undetectable. 

What is the Proper Basis for the Regulation and Control of Feverfew Products 
for Migraine? 

Since therapeutic efficacy has only been clinically demonstrated for the parthenolide-
containing leaf of feverfew grown in the U.K. , the Canadian regulatory authorities 
stipulate that dried feverfew leaf products contain a minimum level of 0.2% 
parthenolide. This arbitrary level is about half the average level found in samples of 
feverfew leaf (0.42%) grown at the Chelsea Physic Garden (73) and used in the trial 
by Johnson et al (75), and about a third of that present in Nottingham grown feverfew 
(57). Despite widely held popular perception, the parthenolide criterion was 
established in an attempt to ensure use of the proper chemotype of Tanacetum 
parthenium. It is neither a reliable indicator of the botanical origin of feverfew 
products nor their expected activity. 

At least three sesquiterpene lactone chemotypes of Tanacetum parthenium 
have been identified (74), which are likely to be a result of the biogenetic variability 
of sesquiterpene lactone synthesis (75). Mexican grown feverfew has been found to 
contain no parthenolide, the sesquiterpene lactone content being dominated by the 
isomeric eudesmanolides santamarin(e) (VI) and reynosin (VII), accompanied by 
lesser amounts of the guaianolides canin (II) and artecanin (III) (76). 
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OH OH 

O O 

santamarin (VI) reynosin (Vfl) 

Parthenolide was similarly not detected in Yugoslavian grown feverfew from which 
only eudesmanolides were reported: magnolialide (VIII), 8p-hydroxyreynosin (IX) 
and lp-hydroxyarbusculin (X) accompanied by santamarin and reynosin (77). A trace 
amount of reynosin was reported (parthenolide:reynosin, 200:1) from Belgian grown 
feverfew (29). 

OH OH OH 

magnolialide (VIII) 8p-hydoxyreynosin (IX) 1 p-hydoxyarbusculin (X) 

A recent confirmation that parthenolide is the main sesquiterpene lactone present in 
U.K. grown feverfew (57) was accompanied with a detailed structural elucidation of 
other, more minor, components including costunolide (XI, R=H), 3-
hydroxycostunolide (XI, R=OH), epoxy-artemorin (XII), canin (II), artecanin (III), 
tanaparthin-a-peroxide (XIII), secotanapartholide A (IV) and secotanapartholide B 

There is a serious question concerning the presence of unusually structured 
compounds such as the trimeric chrysanthemonin, chrysanthemolide and partholide 
(78), which are not identified elsewhere as feverfew constituents and may be the result 
of degradation during protracted refluxing and subsequent processing. Likewise 
probably artefactual are the chlorine-containing sesquiterpene lactones from 
Chrysanthemum parthenium reported by Wagner et al (79) extracted from the same 
material with chlorinated solvent. The two isomeric chlorohydrins in question were 
not detected by Hy lands, at the University of London, who provided the feverfew leaf 
and almost certainly resulted from opening of the epoxide ring of parthenolide by 
hydrogen chloride present in the chloroform used for extraction. 

(XIV). 
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R 

O 

3-hydroxycostunolide (XI) epoxyartemorin (XII) 

o 

tanaparthin-a-peroxide (XIII) secotanapartholide B (XIV) 

Regarding parthenolide stability, it has been found that a roughly 20% reduction in 
parthenolide level is caused under storage of dried feverfew leaf for a year at room 
temperature unprotected from light - a more than 50% reduction was observed after 2 
years (80). Cool, dark storage is currently recommended for feverfew leaf and its 
products (37, 68). 

Conclusions 

It seems obvious that pending definite identification of the active principle(s) 
responsible for feverfew's migraine prophylactic activity, close attention should be 
paid to profiling the secondary metabolite composition of the different varieties of the 
plant which provide raw material for currently marketed products, particularly 
respecting essential oil chemotypes. The findings of the most recent trial of feverfew 
leaf extract containing apparently sufficient levels of parthenolide clearly suggest that 
the simple assurance of parthenolide content may not guarantee medicinal efficacy. 
Further clinical trials are needed in which an extract produced under mild conditions 
and carefully preserved is compared with dried leaf material. Interesting results might 
be obtained by comparing such an extract with leaves from the traditional U.K. grown 
feverfew, possibly another parthenolide-rich variety that is morphologically distinct 
from the U .K. feverfew, and a parthenolide-free variety such as is used in South 
America (81) for treating "female problems". 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

01
3

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



172 

Note added in proof 

Since going to press a further study has been published (82) describing the efficacy of 
feverfew leaf in migraine prophylaxis. A double-blind placebo controlled cross-over 
trial was conducted for a period of 4 months. The study involved 57 patients who had 
never received feverfew, and the plant was Tanacetum parthenium grown in Israel 
from seeds purchased in the Netherlands. Two groups of patients (Group A , n = 30 
and Group B, n = 27) received feverfew (100 mg, equivalent to 0.2 mg parthenolide) 
for 2 months, Group A then continued to take feverfew for a further month followed 
by placebo, and Group B received placebo followed by feverfew. Migraine severity 
was determined using a numerical self-assessment pain scale and linked symptoms 
were recorded on a numerical analogue scale. Taking the results for all the patients 
together, at the end of the second month there was a dramatic reduction, compared 
with starting values, in pain intensity and in the severity of symptoms such as 
vomiting, nausea, sensitivity to noise and sensitivity to light. At the end of the third 
month, for Group B (on placebo) the pain and associated symptoms significantly 
worsened compared with Group A (on feverfew), and at the end of the fourth month 
Group A (now on placebo) significantly worsened compared with Group B (having 
returned to feverfew). The authors concluded: "the results of the trial provide 
convincing evidence that consuming feverfew leaf preparation prophylactically, can 
ease profoundly the pain intensity and the prevalence of the typical symptoms 
associated with migraine attacks". Certainly, taken together with the results of the 
previous trials of pure leaf material in migraine (13,14) the evidence that feverfew 
provides a means of reducing the severity of the condition does appear to be growing. 
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Chapter 14 

Garlic: A Review of Its Medicinal Effects and Indicated 
Active Compounds 

Larry D. Lawson 

Murdock Madaus Schwabe, Inc., 10 Mountain Springs Parkway, 
Springville, UT 84663 

Numerous clinical trials with garlic cloves and standardized garlic 
powder tablets leave little doubt that modest amounts of garlic have 
significant cardiovascular effects by reducing serum cholesterol, 
blood pressure, and platelet aggregation. Epidemiological and animal 
studies strongly indicate significant anticancer effects, particularly for 
the intestinal tract. Furthermore, its intestinal and topical anti
microbial activities have been its longest recognized effects. 
Identification of the compounds essential to the activity of garlic, 
mostly ascribed to its high content of sulfur compounds, has only been 
partially resolved. So far, the thiosulfinates, of which allicin is 70-
80%, are the only compounds with reasonably proven activity at 
levels representing normal amounts of garlic consumption. They are 
clearly responsible for the antimicrobial effects. Several evidences 
also indicate that they are essential to most of the hypolipidemic, 
antithrombotic, antioxidant, and hypoglycemic effects of garlic, and 
for some of its anticancer effects. However, because the thiosulfinates 
are rapidly metabolized and since their active metabolites have not yet 
been identified, little is known about their mechanism of action. The 
compounds responsible for the hypotensive effects and much of the 
anticancer and immune effects of garlic remain unknown. Until they 
are known, it is best to consume garlic in whole form, fresh or dried. 

Garlic (Allium sativum L.) has been used as a medicine for more millennia and by 
more cultures than perhaps any other plant. Even today, garlic cloves are commonly 
used as a medication by much of the world, especially in eastern Europe and Asia, 
while garlic pill supplements are popular in western Europe and growing in 
popularity in the U.S. In Germany, where most of the clinical research on garlic has 
taken place and where garlic tablets are the leading non-prescription phytomedicine, 
8% of the population regularly consumes garlic supplements, ranking in sales with 
leading prescription drugs (1). In the U.S., where the total garlic consumption in 

176 ©1998 American Chemical Society 
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1994 was 438 million pounds (about 2.5 grams per person per day) (2), garlic ranks 
in second place behind Echinacea among the best selling herbal supplements (3). 

One of the major reasons for the popular medicinal use of garlic is the large 
amount of scientific research conducted in the 20th century that has confirmed much 
of the traditional uses of garlic. As of the end of 1996, 1158 pharmacological studies 
and 650 chemical studies have been published on garlic and garlic products, making 
it one of the most researched medicinal plants. The pharmacological studies (1202 as 
of mid-1997; see Table I) have included 208 human studies and have focused mainly 
on cardiovascular (344), anticancer (221), antimicrobial (252), and antioxidant (60) 
effects. In addition, 105 toxicology studies and 42 studies on the metabolism of 
garlic compounds have been published, for a total of 1990 studies on garlic, not 
including botanical and agricultural studies. Over 40 nations have contributed to this 
vast literature, with Germany, India, and the U.S. accounting for 63% of the total. 

Table I. Pharmacological Studies on Garlic (1900 -1996)* 
Effect Total studies Human studies 

Cardiovascular 344 104 (2)b 

Blood lipids 179 62 
Blood pressure 78 18 
Blood fibrinolysis, coagulation, flow 51 18 
Platelet aggregation 76 6 
Atherosclerosis (plaques) 23 2 

Antimicrobial 252 35 
Cancer 221 12 (10)b 

Antioxidant 60 4 
Hypoglycemic 28 3 
Immune stimulation 15 3 
Antiinflammatory 11 1 
Gastrointestinal disturbances 43 27 
Respiratory 11 5 
Heavy metal antidote 28 1 
18 Other effects 145 12 
Total pharmacological studies 1158 208 

a Includes only actual studies: human (in vivo), animal, and in vitro studies. Not 
included are reviews, commentaries, patents, pharmacopoeias. In addition, 44 studies 
were published in the first half of 1997,48% of which were on cancer effects. 

Epidemiological studies. 

The most extensive review of the scientific and historical literature on garlic 
was published in 1996 by Koch and Lawson (4), a work which includes 2250 garlic 
references and details the evidence for the identity of the main active compounds for 
each pharmacological effect. A summary of the book has also been published (5). 
Other relatively recent reviews includes those of Block on the chemistry of garlic's 
sulfur and selenium compounds (6-8), Lawson (9) on analysis and cardiovascular 
effects, Sendl (10) on analysis of garlic and wild garlic, Reuter (11) and Srivastava 
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(12) on pharmacological effects, Agarwal (13) on cardiovascular effects, and short 
broad reviews by Bradley (14), Leung & Foster (15), and Weiss (16). Older reviews 
have also been listed by Lawson (9). There is also a new book for general readership 
by Fulder (17) that is very commendable. 

To be able to consistently evaluate the pharmacological effects of garlic and 
to be able to identify the active compound(s) for each effect, a thorough 
understanding of its composition, and the chemical changes that occur during the 
production of the commercial products that are often used in the studies, is essential. 
The purpose of this review is to critically summarize the evidence for the various 
pharmacological effects of garlic and to present the evidence for the active 
compound(s) for each effect at doses representing a typical level of garlic 
consumption. The main emphasis of the review will be upon whole garlic (fresh or 
dried) and will only touch modestly on commercial oil or extract products. 

Medicinal History 

The medicinal use of garlic, which began about 5000 years ago (reviewed in 2, 18, 
19), was first recorded by both the Sumerians of Mesopotamia (region of the Tigris 
and Euphrates rivers) as well as by the people of ancient India. In India it became a 
part of the popular Ayruvedic medicine and first became recorded in an Ayruvedic 
medical textbook in 500 A D from much older texts. Garlic was also of great 
importance in Egypt, where it has been found preserved in Pharaohs' tombs and 
where its extensive use by pyramid builders was inscribed on the Great Pyramid of 
Cheops. The Egyptian Ebers Codex of 1550 BC mentions the use of garlic in 22 
medical formulas. As recorded in the Bible (Numbers 11:5), the Israelites (Jews) 
mourned for it when they left Egypt about 1400 BC. The popularity of garlic among 
the Jews has remained even until today, having survived their scattering among other 
nations, and has, in fact, influenced other nations to use it. China has long used 
garlic for medicinal purposes, being first recorded in a Chinese medical text about 
500 A D . The Greeks used garlic to strengthen Olympic athletes and to treat battle 
wounds. The Greek physician Hippocrates (460-370 BC), who is considered the 
"father of medicine," recommended garlic for infections, pneumonia, cancer, 
digestive problems, increased urine secretion, and improved menstrual flow. 
Dioscorides, a Greek who lived in the first century AD, and is called the "father of 
pharmacy," recommended crushed garlic for snake bites, rabid dog bites, coughs, 
clearing arteries, infections, and leprosy. Some of the most important Roman 
medical writers (Pliny the Elder, 23-79 AD; Celsus, 25 BC- 50 A D ; Galen, 129-199 
AD) made similar recommendations. Galen, who was the personal physician of 
emperor Marcus Aurelius and whose writings greatly influenced Western and Arabic 
(Unani Tibb system) medicine for a thousand years, called garlic the "theriac (cure-
all) of the peasant." 

Around 1150, St. Hildegard of Bingen, a German nun who wrote two medical 
books, strongly encouraged eating raw garlic to improve health and cure the sick. 
The London College of Physicians recommended garlic to treat poisons, bites, 
edema, ulcers, and toothaches, as well as for the great plague of London in 1665. 
Sydenham (1624-1689), a leading English physician, used garlic to cure smallpox. 
Cholera epidemics of the 1850s in France and Bulgaria were cured with garlic. In 
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1858, Louis Pasteur showed that garlic and onions could kil l the cause of infectious 
diseases - germs. Albert Schweizer in the early and mid-1900s used garlic in Africa 
to cure cholera and typhoid fever. In World War I, garlic was widely used in Europe, 
especially England, to treat battle wounds and dysentery. In World War II, Russia, 
where garlic use has long been popular, used it again for soldiers' wounds when they 
ran out of penicillin, which resulted in the nickname of "Russian penicillin." 

General Composition of Garlic Cloves 

The known composition of the more abundant compounds of garlic cloves are listed 
in Table II. Although garlic is commonly eaten for both its flavor and health 
benefits, its content of vitamins and minerals, while average compared to other 
vegetables on a per weight basis, are much too low (less than 2% of the daily need) at 
levels normally consumed (2-4 g, or a typical clove) to account for its known health 
effects. Some unique features of garlic are its low moisture content (62-68% 
compared to 80-90% for most fruits and vegetables); its high content of fructans, 
fructose polymers of 10-60 units (20, 21) that constitute about 65% of its dry weight; 
its high content of common free amino acids, which is similar to its protein content 
and is strongly dominated by arginine; and its very low content of lipids and other 
oil-soluble compounds. However, its most unique feature is that of its high content of 
organosulfur compounds, 99.5% of which contain the sulfur amino acid cysteine, 
even though cysteine itself is absent. The sulfur content of garlic (about 3 mg/g) is 
four times greater than that of other high sulfur-containing vegetables and fruits, such 
as onion, broccoli, cauliflower and apricots (22). 

Table U. Composition of Garlic Cloves (mg/g fresh weight) 
Water 620-680 Adenosine (0 before crush) 0.1 (8 hr) 
Water solubles 310-370 Saponins 0.4-1.1 
Carbohydrates 260-300 Vitamins 0.15 

Fructans 220-250 Ascorbic acid 0.14* 
Fiber 15 Thiamine 0.002* 
Protein 15-21* Riboflavin 0.0008* 
Amino acids (free, common] 1 10-15 Minerals 7 

Arginine 5-8 Potassium 4.4* 
Organosulfur compounds 11-35 Phosphorus 1.8* 

Cysteine sulfoxides 6-19 Calcium 0.24* 
y-Glutamylcysteines 5-16 Magnesium 0.18* 
5-alkenyl cysteines 0.01-0.03 Sodium 0.11* 
Scordinins 0.03 Iron 0.02* 

Y-Glutamylphenylalanine 0.4-1.1 Chromium 0.0005* 
Lipids 1-2 Selenium 0.0002* 
p-Sitosterol 0.015 Germanium 0.00004* 
Phenolic acids 0.04 Sulfur 2.3-3.7 
Phytic acid 0.8 Nitrogen 6-13 
Data from Lawson (22), which also includes additional less abundant compounds. 
* Less than 2% of the U.S. Recommended Dietary Allowance in a 3-4 gram clove. 
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Garlic is also one of the highest selemum-containing foods on a per gram 
basis (23). Even though the amount of selenium in a single clove is very small, the 
selenium content of garlic (and likewise the anticancer effects of garlic) can be 
increased dramatically (up to 2500-fold), when grown in a selenium-enriched soil 
(24, 25), because selenium, being in the same elemental family as sulfur, will replace 
sulfur in garlic's cysteine compounds. The most abundant selenium compound in 
normal garlic is selenocysteine (cys-SeH); whereas in selenium-enriched garlic it is 
Se-methyl selenocysteine (8,26, 27). 

The Sulfur Compounds of Garlic Cloves 

The large majority of the analytical and pharmacological research on garlic has 
focused on its sulfur compounds. This has been the case not only because of their 
uniquely high abundance in garlic, but also because they are the only known 
compounds in garlic that have pharmacological activity at doses representing typical 
levels of garlic consumption, and probably because of the long-recognized 
pharmacological activity of sulfur-containing drugs such as penicillin, probucol, 
thiazide, and captopril. 

Table m. The Principal Organosulfur Compounds in Whole and Crushed Gallic 
Compound Whole Crushed 

(mg/g fresh weight) 
5-(+)-Alkyl-L-cysteine sulfoxides 
Allylcysteine sulfoxide (alliin) 6-14 nd 
Methylcysteine sulfoxide (methiin) 0.5-2 nd 
rranj-l-Propenylcysteine sulfoxide (isoalliin) 0.1-1.2 nd 
Cycloalliin 0.5-1.5 0.5-1.5 

y-L-Glutamyl-5-alkyl-L-cysteines 
y-Glutamyl-^rnms-l-propenylcysteine 3-9 3-9 
y-Glutamyl-5-allylcysteine 2-6 2-6 
y-Glutamyl-S-methylcysteine 0.1-0.4 0.1-0.4 

Alkyl alkanethiosulfinates 
Allyl 2-propenethiosulfinate (allicin) nd 2.5-4.5 
Allyl methyl thiosulfinates (2 isomers) nd 0.3-1.5 
Allyl fra/w-l-propenyl thiosulfinates (2 isomers) nd 0.05-1.0 
Methyl trans- 1-propenyl thiosulfinates (2 isomers) nd 0.02-0.2 
Methyl methanethiosulfmate nd 0.05-0.1 

Nearly all (95%) of the sulfur in intact garlic cloves is found in two classes of 
compounds in similar abundance—the 5-alkylcysteine sulfoxides and the y-glutamyl-
S-alkylcysteines (see Table III and Figure la) (9, 22). Both types of compounds are 
substituted at the sulfur atom with either allyl (2-propenyl), isoallyl (trans-l-
propenyl), or methyl groups. The most abundant sulfur compound in garlic is alliin 
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Figure 1. Structures of the main sulfur compounds found (a) in whole 
garlic cloves and (b) after crushing the cloves and (c) after processing to oils 
or by aging. Typical quantities () are given as mg/g cloves. 
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(5-allylcysteine sulfoxide), which is typically present at 10 mg/g fresh wt or 30 mg/g 
dry wt (since garlic consistently contains about 65% water, dry weight values are 
usually three times the fresh weight values) and accounts for about 80% of the total 
cysteine sulfoxides. It is absent in onions, is less abundant in several other Allium 
species [A. ursinum (wild garlic), A. ampeloprasum (elephant garlic), A. tuberosum 
(garlic chives/Chinese chives)], and only rarely occurs in small amounts in other 
plants. The biosynthesis of alliin appears to involve serine and an unknown source 
of the 5-allyl group to form the intermediate, S-allylcysteine, which is rapidly 
oxidized to alliin and found only in trace amounts (22). However, the y-
glutamylcysteines act as reserve sources of additional alliin and isoalliin during 
wintering or sprouting due to y-glutamyl transpeptidase hydrolysis and subsequent 
oxidation (28). Although the cysteine sulfoxides are very important parent 
compounds to many of the pharmacological effects of garlic, the y-glutamylcysteines 
have as yet no well-established effect, partly because they have rarely been used in 
pharmacological studies. 

Natural Variation of Garlic's Sulfur Compounds. A l l plant species vary to some 
degree in their content, due to soil location and composition, climate, variety 
differences, harvest date, and post-harvest handling. The extent of these differences, 
especially for active or suspected active compounds, is important to monitor since 
they will affect the pharmacological effects. About 85% of the alliin and other 
cysteine sulfoxides of a garlic plant are found in the bulb, with about 12% in the 
leaves and 2% in the roots; however, the y-glutamylcysteines are found only in the 
bulbs (22). The amount of alliin and y-glutamylcysteines present in the bulbs 
increases several-fold in the four weeks prior to harvest time (29, 30). Furthermore, 
we have found that alliin increases about 25% during the typical curing process 
(whole plants dried in the shade for at least two weeks) and that extending the normal 
harvest date ("normal" was judged by appearance factors by two long time 
commercial growers who independently chose the same date) by 2 weeks—until the 
plants are almost completely brown—increases the content of these compounds an 
additional 20% on a dry weight basis (L. Lawson and G. Reynolds, unpublished). 
Therefore, a careful choice of the harvest date can be very important. In a study with 
16 strains of softneck garlic (A. sativum var. sativum), the type grown in California 
and most commonly found in grocery stores, and 53 strains of hardneck or topset 
garlic (A. sativum var. ophioscorodon) grown on the same 1-acre farm outside Troy, 
New York by G. Reynolds, there was a 1.8-fold and 2.7-fold variation, respectively, 
in alliin content and a 1.5-fold and 4.2-fold variation in content of y-
glutamylcysteines (22). Another study of six purchases at grocery stores over four 
months showed a 2.0-fold variation in alliin (31). 

Enzymatic Formation of the Thiosulfinates upon Crushing Garlic When garlic 
cloves are cut, crushed, or chewed (or when the powder of dried cloves becomes wet 
in a non-acid environment), the cysteine sulfoxides, which are odorless and insoluble 
in organic solvents, are very rapidly converted to a new class of compounds, the 
thiosulfinates (see Table III and Figure lb). The thiosulfinates contain two sulfur 
atoms (being derived from two cysteine sulfoxide molecules with the loss of pyruvate 
and ammonia), are more soluble in organic solvents than in water, and are somewhat 
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volatile, which property makes them responsible for the odor of freshly chopped 
garlic. The formation of thiosulfinates takes place when the cysteine sulfoxides, 
which are located only in the clove mesophyll storage cells, come in contact with the 
enzyme alliinase or alliin lyase (EC 4.4.1.4), which is located only in the vascular 
bundle sheath cells (32). Alliinase is a glycoprotein of M W 55,000 and requires 
pyridoxal phosphate. It is one of the two most abundant proteins in garlic (33, 34) 
and is active at pH 4.5-8, but is immediately and irreversibly inhibited at acidic pH 
values below 3.5 (35-37). It is also effectively inhibited by 10 mM amino-oxyacetate 
and by cooking, but is poorly inhibited by alcohols (22). There appears to be at least 
two forms of alliinase in garlic, one that is alliin-specific and one that is methiin-
specific, the latter being considerably easier to inhibit (28). 

With the exception of ring-structured cycloalliin (formed by cyclization of 
isoalliin), all of the cysteine sulfoxides are lysed by alliinase to form the very 
transitory sulfenic acids, which self-condense to form the thiosulfinates. Due to the 
very large abundance of alliinase (10 mg/g fresh (38)), the rate of formation of the 
thiosulfinates is extremely rapid, being complete upon crushing in under 10 seconds 
for alliin and isoalliin and in about 60 seconds for methiin (22, 36). Because the 
thiosulfinates result from condensation of three types of sulfenic acids, a total of nine 
thiosulfinates can be formed; however, only eight are found (Table III), since 1-
propenyl 1-propenethiosulfinate is too unstable to exist and has been shown to 
rapidly form zwiebelanes in onions, where 1-propenyl cysteine sulfoxide (isoalliin) is 
much more abundant (39). Due to the abundance of alliin, the main thiosulfinate 
formed upon crushing garlic is allicin, which varies in abundance from 60 to 90% of 
the total thiosulfinates, with 75% being typical. Most of the methiin is converted to 
two allyl methyl thiosulfinate regioisomers, allyl methanethiosulfinate and methyl 2-
propenethiosulfinate, the former being twice as abundant as the latter (31, 40). 

Stability of the Thiosulfinates. The thiosulfinates are self-reactive compounds that 
can be quite unstable, depending upon the environment (solvent), temperature, and 
concentration. Since they undergo self-reaction by both monomolecular and 
bimolecular mechanisms (6, 41), both dilution and the presence of solvents that 
hydrogen bond with the oxygen atom (water and, to a lesser extent, alcohols) greatly 
improve their stability. For example, in the absence of solvent or in the presence of 
low-polarity solvents (hexane, diethyl ether), the half-life of allicin at room 
temperature is 2-16 hours; however, in crushed garlic (or in garlic juice) it is 2.4 
days, increasing to 22 days upon 10-fold dilution with water (60 days upon dilution 
with 1 mM citric acid; 4 days at 37°C in water), and increasing another 20-fold at 
4°C (20). Although allicin is too unstable to be present in any commercial product, it 
is very sufficiently stable for common home uses (e.g., chopped cloves in a salad or 
sandwich or stored in a refrigerator). 

Composition of Garlic Odor. The odor of both chopped garlic and the breath after 
eating garlic has always been a salient feature of garlic, both positively and 
negatively. The odor of fresh cut garlic is mainly due to allicin, although diallyl 
disulfide becomes the dominant compound after 30 minutes, while the odor of 
cooked garlic is due mostly to diallyl and allyl methyl trisulfides and lesser amounts 
of their disulfides (22, 42). When fresh garlic is eaten, the initial breath odor is due 
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mainly to allyl mercaptan; however, this represents odor from the throat and 
disappears in about one hour (43, 44). The odor that comes from the lungs (45) rises 
slowly and lasts over 24 hours. It consists mainly of allyl methyl sulfide (87% of the 
sulfur compounds at nine hours) and dimethyl sulfide (11%) and is due to 
metabolism of the thiosulfinates (43,46, 47). Dimethyl selenide (methyl-Se-methyl) 
is also found in the breath at levels that may add to the odor (43). Although the odor 
of garlic is carried into human breast milk, babies seem to prefer the taste since they 
nurse longer than when their mothers don't eat garlic (48, 49). 

The Sulfur Compounds of Commercial Garlic Products 

In addition to the fresh or cooked cloves, garlic is frequently consumed as a spice 
(garlic powder and garlic salt), as pickled cloves, and as supplements in pill form 
(garlic powder tablets and capsules; steam-distilled oil capsules; oil-macerate 
capsules; aged extract tablets, capsules, and liquid). Although the oil products and 
the aged extracts have all been thought to be extracts, they really should be called 
transformation products, since none of the main sulfur compounds of these products 
are significantly found in whole or crushed cloves. These transformations will now 
be discussed. 

Transformation of the Thiosulfinates upon Commercial Processing. The 
compounds into which the thiosulfinates are transformed depend upon the medium 
and temperature. In the presence of water, diallyl trisulfide, diallyl disulfide, and 
allyl methyl trisulfide are the principal products (Figure lc). Upon steam-distillation 
of crushed cloves, a commercial oil is produced, in which as many as 30 different 
sulfides have been found, comprising diallyl (57%), allyl methyl (37%), and dimethyl 
(6%) mono- to hexasulfides, along with trace amounts of the hepta- and octasulfides 
and small amounts of the allyl 1-propenyl and methyl 1-propenyl di-, tri-, and 
tetrasulfides (50). Upon incubation at room temperature in organic solvents, such as 
hexane, ether, or triglyceride oils (oil-macerated products), two additional types of 
compounds are formed: the ring-structured vinyldithiins, which are the main 
compounds formed (70-80%), and lesser amounts (12-16%) of ajoene (E,Z-4,5,9-
trithiadodeca-l,6,ll-triene 9-oxide) (50-52). Some allyl sulfides (diallyl trisulfide, 
allyl methyl trisulfide and diallyl disulfide) are also formed (4-18%). Except for 
ajoene, none of the thiosulfinate transformation products retain the oxygen atom. 
This results in greater volatility (odor) and less solubility in water (e.g., allicin 
solubility in water is 1%, while for diallyl disulfide it is 0.005% and for diallyl 
trisulfide it is 0.0006% (22, 53). 

Processing Changes During Long Term Incubation (Aging). Among the various 
types of garlic products, both aged extracts and pickled cloves involve long term 
incubation. The aged extracts employ chopped cloves that are incubated in dilute 
(20%) ethanol for 18-20 months prior to drying of the extract (54, 55), while pickled 
cloves are incubated and permanently packaged in vinegar (5% acetic acid), with the 
incubation time being dependent on when the cloves are eaten (22). The 
compositional changes that take place in these products over a two-year period, 
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especially in the aged extracts, are considerable, as shown in Table IV. The only 
sulfur compound that is not affected by time is cycloalliin. 

For chopped cloves aged in dilute ethanol, the main changes are (1) the initial 
loss of alliin to thiosulfinate formation, (2) the complete loss of thiosulfinates after 3 
months (converted to volatile allyl sulfides which evaporate almost completely), and 
(3) complete hydrolysis of the y-glutamylcysteines to the theoretical amounts of S-
allylcysteine, S-l-propenylcysteine (the main sulfur compounds present after 3 
months) and glutamic acid (see Figure lc). There are also substantial increases in 
cystine (due to protein hydrolysis) and S-allylmercaptocysteine (probably due to the 
reaction of allicin with protein-derived cysteine). The content of S-allylcysteine 
remains constant after 3 months, but £-1-propenylcysteine steadily decreases. 

Table IV. Compositional changes during aging of a 20% ethanol extract of 
chopped garlic or of garlic powder in acetic acid (pickling). 

Compound Incubation time (months) 
0 1 3 12 24 

Chopped cloves in 20% ethanol (mg/g dry extract) 
Alli in 5.0 3.2 2.8 2.9 2.7 
Allicin 8.3 4.1 0.4 0 0 
Al ly l methyl thiosulfinates 2.1 1.3 0.4 0 0 
Al ly l sulfides 0.19 0.14 0.12 0.09 0.08 
Cycloalliin 3.5 3.6 3.5 4.0 3.6 
y-Glutamyl-S-allylcysteine 12.7 5.8 1.1 0 0 
S-Allylcysteine 0.2 5.9 7.2 7.1 7.2 
y-Glutamyl-5- 1-propenylcysteine 15.9 3.4 0.5 0 0 
5-1 -Propenylcysteine 0.5 6.7 8.1 6.5 4.4 
S-Allylmercaptocysteine 0.01 0.6 1.2 1.7 1.9 
Cystine 0.07 0.5 0.8 0.9 1.2 
Total main sulfur compounds 48 34 26 23 21 
Glutamic acid 1.1 9.7 14.2 15.8 16.2 
Arginine 25 27 28 30 33 

Garlic powder in 5% acetic acid 
Alliin 15.3 13.3 12.2 10.4 8.1 
Allicin 0 0 0 0 0 
y-Glutamyl-5-allylcysteine 11.9 11.1 10.4 8.2 5.9 
y-Glutamyl-5-1 -propenylcysteine 8.1 6.4 3.6 0.7 0.2 
5-Allylcysteine 0.3 0.5 0.6 1.2 1.7 
S- 1-Propenylcysteine 0.1 0.2 0.2 0.2 0.2 

Whole cloves were chopped into small pieces (2x2x1 mm) and placed into a 20% 
ethanol solution (12 mL/g) in a closed container and stored at room temperature, with 
samples being removed at the indicated times. Very similar results were also found at 3 
mL/g and when using water only. Commercial garlic powder was pickled by incubation 
in 5% acetic acid at 36 mL/g. The zero time values were measured after 24 h (22, 56). 
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When garlic powder is incubated in 5% acetic acid (simulates whole cloves in 
vinegar; similar results were found in commercial products), no thiosulfinates are 
formed because the acidic pH (3.5) inhibits alliinase. The acidic environment also 
greatly slows down the hydrolysis of the y-glutamylcysteines, but it adversely affects 
the S-alkenylcysteines, particularly the S- 1-propenyl compounds, since only 2% and 
42% of the expected 5-1-propenylcysteine and S-allylcysteine, respectively, were 
found at 24 months. 

Composition of Commercial Garlic Products. Table V compares the composition 
of several brands of the various types of commercial garlic products and supplements 
with garlic cloves. As can be seen for the range values given, there is a much larger 
variation in the composition among brands of whole powder tablets (3-fold for 
standardized products, 35-fold for non-standardized) and oils (50-fold) than among 
cloves (2- to 3-fold), reflecting differences in manufacturing practices and indicating 
the need for product labels to declare a specific content/yield value of a compound 
that represents that product. For the brands that do make specific compound value 
claims, the values have been found to almost always be fairly accurate. 

Garlic Powder Products. Garlic powder is the product most identical with 
fresh cloves (Table V) since it has only been dehydrated at low oven temperatures 
(50-60 °C)—at these temperatures there is only a 5-15% loss of allicin-yield (22)— 
and then pulverized; however, the amount of alliin present can vary considerably 
depending on the care used in slicing and handling of the cloves. The slices can be 
dried faster if the slices are thinner, but more slicing increases the alliin loss and 
consequently the odor (allyl sulfides) of the powder. Hence, spice powders have an 
alliin content (or allicin yield) that is typically about 50% less than that of the 
powders used to make quality alliin/allicin-standardized tablets (22). Of 29 recently 
purchased U.S. brands of garlic powder supplements, 11 make specific claims of 
allicin-yield. The allicin-yield of garlic powder products is fairly stable, with an 
average 5-year loss of 36% (22). 

A very important aspect of the effective quality of garlic powder products is 
their ability to form allicin after consumption, given the fact that alliinase is rapidly 
and irreversibly inhibited at the acidic levels typically found in the stomach (pH 1.5-
3) (36, 37). When garlic cloves are consumed, allicin formation is not a problem, 
since it is stable to acid and is formed within 6 seconds of chewing, well before 
reaching the stomach. Therefore, it is essential that garlic powder products be 
protected with an acid-resistant coating, either by an enteric-coating or other means. 
An acid-resistant coating also decreases the breath odor by delaying all allicin 
formation and release of any allyl sulfides until the tablet is past the stomach. About 
two-thirds of the U.S. powder supplements claim some type of acid-resistance. 

The effectiveness of garlic products in forming allicin in the body is best 
estimated as the effective allicin yield, which is defined in general terms as the 
amount of allicin formed under simulated gastrointestinal conditions, or in more 
specific terms as: the amount of allicin formed (or alliin lost) after the products have 
been agitated at 37 °C in simulated gastric fluid (pH 1.5) for one hour followed by 
addition of simulated intestinal fluid (pH 7.5) and continued agitation for two hours, 
according to a modification of U.S.P. protocol #701 for evaluating tablet 
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disintegration (see Table 3.19 in (22)). Of 20 U.S. products tested, eight brands were 
found to have a percent effective allicin yield (yield under simulated gastrointestinal 
conditions compared to yield when products are dissolved in water) of less than 1%, 
while only six had effective yields of greater than 70% (22). The effective allicin 
yield should be the standard of quality for all garlic powder supplements. 

Table V. Principal Sulfur-Containing Constituents of Commercial Cloves, 
Pickled Cloves, Garlic Powders, and Garlic Supplements* 

Product Constituent and amount (mg/g product) Alliin-derived 
compoundsb 

Garlic cloves alliin (10: 6-14), y-glutamylcysteines0 (10: 5-15) 4.8 (3.5-8) 
allicin yield (3.5: 2.5-5.1) 

Pickled cloves alliin (3.4: 2.0-4.2) y-glutamylcysteines (3.3:3-4) 0.0 

Powdersd for spices alliin (11.5:10-17), y-glutamylcysteines (26:12-35) 7.3 (4-11) 
allicin yield (4.5: 3-7) 

Powdersd for tablets alliin (21:7-29), y-glutamylcysteines (29: 14-40) 12.5 (4-17) 
allicin yield (8.5: 3-11) 

Powder tablets 
(allicin-standardized) alliin (13:7-24), y-glutamylcysteines (22: 7-32) 5.6(1.4-12) 

allicin yield (4.2:1.3-8.9) 
(non-standardized) alliin (7: 0.4-14), y-glutamylcysteines (12: 2-31) 2.6 (0.1-8) 

allicin yield (1.9:0.1-5.7) 

Steam-distilled oil diallyl disulfide (1.0:0.05-2.8) 3.8(0.2-11) 
capsules diallyl trisulfide (0.7:0.04 -2.0) 

allyl methyl trisulfide (0.6:0.03-1.7) 

Oil-macerate vinyldithiins (1.1: 0.1-4.7), ajoene (0.2: 0.02-1.1) 1.5 (0.4-6.0) 
capsules diallyl trisulfide (0.11:0.02-0.45) 

Aged extract alliin (0.3:0.2-0.4) 0.15 (0.1-0.2) 
tablets/capsules Y-glutamylcysteines (0.34: 0.2-0.5) 

y-glutamyl-5-allylcysteine (0.25: 0.1-0.4) 
S-allylcysteine (0.6:0.5-0.7) 
5-allylmercaptocysteine (0.15: 0.1-0.2) 

a Values are given as the mean and ranges for several (7-15) brands, or lots of a single 
brand (aged extract), of each type of product. Adapted from Lawson, 1996 (22). 
b Total alliin-derived compounds includes allicin and other allyl thiosulfinates (after addition 
of water), allyl sulfides, vinyldithiins, ajoene, and S-allylmercaptocysteine. 
c The y-glutamylcysteines values for all products are the sum of the 5-allyl and S-trans-\-
propenyl compounds. 
d To compare powders to cloves, divide powders by three since cloves typically contain 
65% water. 
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Garlic Oil Products. Unlike most plant oils, commercial garlic oils are not 
actually present in garlic cloves. They are the result of converting the water-soluble 
thiosulfinates of crushed cloves to oil-soluble sulfides by the use of steam (steam-
distilled oil, often erroneously called garlic essential oil) or by incubation in a 
common plant oil (oil-macerate), such as soybean oil. The steam-distilled oils have 
been prepared for the past 150 years and are very common, while the oil-macerates, 
long popular in Europe, have only been in the U.S. (only three brands known) for a 
few years (22). The composition of these oils has been described previously (see 
Transformation of the Thiosulfinates upon Processing), and the ranges among brands 
are shown in Table V . A l l commercial garlic oils have been highly diluted with 
common plant oils to achieve a content of thiosulfinate transformation products 
(sulfides) that represents the amount of thiosulfinates in crushed cloves from which 
they were formed, a standard which has been met by most steam-distilled oils, but 
only by a few oil-macerates (see Table 3.21 of (22)). Currently, no steam-distilled 
oil product claims a specific amount of sulfides, but 8 out of 22 brands claim a 
specific amount of "pure garlic oil." Of 11 brands of oil-macerates, only one makes a 
claim for specific compounds (0.9 mg vinyldithiins and 0.15 mg ajoene per 280 mg 
capsule). The steam-distilled oils products are stable for at least five years, while the 
oil-macerates are less stable, due to instability of ajoene after about 18 months (see 
Table 3.24 of (22)). 

The only garlic-derived compounds in garlic oils are the thiosulfinate-derived 
(95% alliin-derived) compounds, compounds which have preserved the important 
dithioallyl (allyl-SS-) moiety of allicin and the other allyl thiosulfinates. Hence, 
quality garlic oils represent much of the pharmacological activity of crushed garlic 
and are useful in providing evidence for the pharmacological activity of allicin. 

Aged Extracts and Pickled Cloves. Aged extracts represent a successful 
attempt to remove the odor-forming ability (alliin, alliin-derived compounds, and 
active alliinase) of garlic. However, most of the sulfur compounds of garlic are lost 
in the process (Table V). Their method of preparation and the chemical changes that 
take, place during the aging period were previously described (see Processing 
Changes During Long Term Incubation). They are sold in both dry form and as a 
liquid containing 10% ethanol. Even though major changes occur with most of the 
sulfur compounds during the aging period (Table IV), the amount of total S-allyl-
cysteine (y-glutamyl-5-allylcysteine plus S-allylcysteine) should be nearly the same, 
on a mole basis, as was present originally in the cloves (22); however, based on a 
typical total 5-allylcysteine content in cloves (41 pmole/g dry wt.), the total S-
allylcysteine content in commercial aged extracts (7.8 pmole/g dry wt. after 
correcting for 40% excipients) is only 19% of what would be expected, indicating 
considerable manufacturing losses or the use of cloves of unusually low content of y-
glutamylcysteines. The commercial aged products claim to be standardized on S-
allylcysteine, but no specific or even minimum amount has ever been declared. 

Pickling whole cloves also inactivates alliinase and prevents thiosulfinate and 
odor formation with only a comparatively modest loss (Tables IV and V) of the 
original sulfur compounds. Hence, commercial pickled cloves have a total S-
allylcysteine content of about 22 pmole/g dry wt. Most of the loss is due to diffusion 
into the pickling solution. 
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A much shorter and simpler method of preparing a non-odor producing garlic 
product in which there is little loss of sulfur compounds can be achieved by cooking 
whole cloves (steam, microwave, or boil) to inactivate alliinase prior to consumption 
or prior to drying and pulverization. It should be kept in mind, however, that 
alliinase-inactivated garlic products, while producing little odor, do not possess some 
of the medicinal benefits of fresh garlic, due to the lack of thiosulfinate yield. 

Analysis of Garlic and Standardization of Garlic Products. Allicin is the most 
important compound upon which to judge the quality of garlic cloves and garlic 
powders, since thiosulfinates are the only identified compounds from garlic that are 
reasonably well proven to be essential to the pharmacological activities of garlic at 
levels representing normal garlic consumption (2-4 g/day). Even though allicin may 
not be responsible for some of the effects of garlic (see Summary of the Evidence for 
the Active Compounds), it still serves as an important marker compound even for 
these effects—products that are high in allicin yield are also high in other garlic 
compounds—until the respective active compounds for these effects are identified. 

The allicin yield of garlic cloves (homogenized with 10 mL water/g) and 
powder (30-60 mL water/g) can only be reliably analyzed by HPLC, preferably by 
elution with methanol/water (1:1) (31, 40, 57). The allicin standard can be 
synthesized from pure diallyl disulfide (page 56 in ref. 22) or isolated from cloves or 
powder by T L C (31) and then quantitated by the cysteine-depletion method (58). 
Since 1 mg allicin is formed from 2.185 mg of alliin, allicin can also be quantitated 
by adding a known amount of alliin to a filtered garlic homogenate and measuring 
the amount of increase in the allicin peak area (59, 60). Total thiosulfinates can be 
determined by the cysteine-depletion method. The alliin content of cloves or products 
can also be a valuable measure of quality, as long as the activity of alliinase is 
verified (by rapid depletion of alliin or rapid increase of allicin). The alliin content 
can be measured by HPLC analysis (61) after microwaving cloves for 30 seconds or 
homogenizing cloves or powder in 10 mM amino-oxyacetate to inhibit alliinase 
(alcohols have also been used, but do not give complete inhibition). Alli in standard 
has recently become commercially available (LKT Labs, St. Paul, M N ; Indofine, 
Somerville, NJ; and Extrasynthese, Lyon Nord, France). y-Glutamylcysteines and S-
alkenylcysteines are also analyzed by reversed-phase HPLC (28). The y-glutamyl
cysteines are not commercially available, but they can be isolated from garlic cloves 
(5-allyl) or onion seeds (5-1-propenyl) (28). They can be quantitated by glutamate 
release upon treatment with y-glutamyl transpeptidase, and y-glutamyl-S-
allylcysteine can also be assayed by 5-allylcysteine release with the transpeptidase 
(28). 5-Allylcysteine (deoxyalliin) can be synthesized (28) or purchased (LKT Labs). 
5-1-Propenyl-cysteine is not commercially available. 

The sulfides content of steam-distilled garlic oil can be standardized upon 
diallyl disulfide plus diallyl trisulfide (about 45% of the total sulfides), both of which 
have recently become available in pure form (>98%, L K T Labs), as determined by 
HPLC or GC (50). Other sulfides in the oil can be estimated using the relative 
extinction coefficients (50). The main compounds of the oil-macerate products 
(vinyldithiins and ajoene) can be analyzed by HPLC (50, 52), but standards are not 
yet commercially available and are somewhat difficult to prepare in pure form (50, 
52). Crude standardization of the oil-products can be achieved by total sulfur content. 
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Absorption and Metabolic Fate of the Sulfur Compounds 

There are only a few reports on the absorption, metabolism, and excretion of garlic's 
sulfur compounds, insufficient to determine how these compounds might function in 
the body. For example, until it is known what metabolic form of allicin actually 
reaches target cells, in vitro studies to determine its mechanism of action have limited 
use. Furthermore, no marker compound for any of garlic's sulfur compounds have 
yet been found in human blood. 

Allicin is well-absorbed, as indicated by a persistent garlic odor on the breath, 
skin, and amniotic fluid (62) of persons after consumption of fresh cloves. An 
animal study with 35S-labeled allicin showed at least 79% absorption within 30-60 
minutes after oral intake and 65% urinary excretion of the allicin metabolites within 
72 hours (63). Furthermore, the antithrombotic activity of fresh garlic (due to allicin, 
see Antithrombotic Effects) is the same in rats whether given orally or 
intraperitoneally (64). Additionally, as will be presented later, substantial absorption 
of allicin has been indicated in people, since oral consumption of pure allicin has 
been shown to significantly increase overall body catabolism of triglycerides. 

The metabolic fate of allicin in the body is not well understood; however, our 
current understanding of what probably takes place up to a certain point is 
summarized in Figure 2. Neither allicin nor its common transformation products— 
diallyl sulfides, vinyldithiins, ajoene—can be found in the blood or urine, nor can 
their odor be detected in the stool, after consuming large amounts of garlic (up to 25 
g) (53) or of pure allicin (60 mg) (unpublished), indicating that it is rapidly 
metabolized to new compounds; however, body metabolites of allicin have not yet 
been identified. The exception to this statement is the presence of allyl methyl sulfide 
and much lesser amounts of diallyl disulfide in the breath after garlic consumption 
(43, 46). It has been assumed that these sulfides originate from the thiosulfinates, 
rather than from other 5-allyl compounds in garlic. We have recently confirmed this 
assumption by showing that consumption of pure allicin also results in substantial 
amounts of allyl methyl sulfide in the breath, accounting for about 10% of the allicin 
consumed, and demonstrating that the methyl group comes from the body, probably 
as the reaction product between allyl mercaptan and S-adenosylmethionine (see 
Figure 2) (unpublished). We also found that consumption of microwave-cooked 
garlic did not result in allyl methyl sulfide in the breath, showing that the allyl group 
can only come from allyl thiosulfinates and not from alliin or y-glutamyl-S-
allylcysteine. 

In isolated fresh whole human blood, allicin is very rapidly metabolized by 
the blood cells to allyl mercaptan (allyl-SH) (Table VI) (9, 65). This also appears to 
occur in the epithelial cells of the throat, since consumption of crushed garlic results 
in the immediate (15 sec), but short-lived, presence of allyl-SH in the breath (43, 44). 
However, allyl-SH is probably not the final effective metabolite of allicin, since this 
highly odorous compound has not been found in measurable quantities in the blood, 
stool, or urine after oral consumption of 150 mg of allyl mercaptan—nor was it 
detected, except in the breath, by the most sensitive of all detectors, the sense of 
smell (limit of detection: 0.1 pg/mL urine) (Lawson & Wang, unpublished). Good 
possibilities for the identity of the active metabolite of allicin after allyl mercaptan 
formation would be that of allylsulfinic acid (2-propenesulfinic acid) or allylsulfonic 
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acid (2-propenesulfonic acid). These compounds are proposed because a similar 
compound, cysteine, which also has a thiol (SH) group, is metabolized in the body to 
3-sulfinylpyruvate, which is a sulfinic acid, and to lesser amounts of taurine, which is 
a sulfonic acid. Furthermore, rat studies with 35S-labeled allicin have shown that 
most of the 35S-labeled metabolites are highly polar, indicating that they have been 
oxidized (63), and diallyl sulfide has been shown to be completely metabolized in 
rats to the oxygenated products, diallyl sulfoxide (DASO) and diallyl sulfone 
(DAS0 2) (66). 

Protein 
digestion 

\ 
o 
II 

Allicin (1) 

^ S ^ V g X N ^ C O O H 

NH 2 

S-Allylmercaptocysteine (2) 

O 
II 
,S -OH 

O 
II 

Cysteine Vfntestinal 
/ lumen 

blood 
v cells 

Allylsulfinic acid? Allylsulfonic acid? 

elsewhere 
(90%) 

,SH 

SAM SAH 

blood or epithelial cells A n y , m e r c a p t a n (2) Allyl methyl sulfide 

'CH 3 

Figure 2. Current understanding of the metabolic fate of allicin in humans. 
Abbreviations: S A M , S-adenosylmethionine; SAH, S-adenosylhomocysteine. 

Many of the transformation products of allicin that are present in commercial 
garlic oils are also metabolized initially to allyl mercaptan (Table VI). This is an 
important observation because it indicates that pharmacological studies with the 
garlic oils, which contain almost exclusively allicin-derived compounds, have direct 
implications on the effects of allicin itself. 

All i in from cooked garlic is rapidly absorbed and excreted and can be 
partially metabolized to diallyl disulfide in animal liver (63, 67, 68), but it is 
probably not significantly metabolized to diallyl disulfide in humans, since, as was 
discussed above, consumption of alliin-abundant cooked garlic does not result in the 
presence of allyl sulfides in the breath. Since the abundant y-glutamyl-S-
alkenylcysteines are structurally similar to glutathione, they are probably absorbed 
intact and then hydrolyzed in the kidney by y-glutamyl transpeptidase to 5-
allylcysteine and 5-1-propenylcysteine. Metabolites of these compounds have been 
found in human urine after garlic consumption and include N-acetyl-5-allylcysteine, 
N-acetyl-5-(2-carboxypropyl)-cysteine, N-acetylcysteine, and hexahydrohippuric acid 
(69, 70). The amount of N-acetyl-5-allylcysteine found in a 24 h urine collection 
accounts for about 25 mole% (own calculation) of the y-glutamyl-S-allylcysteine 
consumed (70). 
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Table VI . Fate of Allicin and its Derived Compounds in Whole Blood/ 
Compound Half-life in blood Reaction product 
(0.5 mM) (minutes) (moles/mole compound) 

Allicin <1 allyl-SH (1.6) 
Ajoene 1 allyl-SH (0.8) 
S-Allylmercaptocysteine 3 allyl-SH (0.9) 
Diallyl trisulfide 4 allyl-SH (0.8) 
Diallyl disulfide 60 allyl-SH (0.8) 
Diallyl sulfide NR 
1,2-Vinyldithiin 15 unknown 
1,3-Vinyldithiin NR 
Allyl-SH NR 
Alli in NR 
8 In fresh whole human blood kept at 37°C (9, 65). NR (<10% decrease in 2 hr). 

An excellent study on the metabolic fate of large doses of 5-allylcysteine in 
three different animals (rat, mouse, and dog) showed that it is rapidly absorbed and is 
more abundant initially in several tissues, especially kidney, than it is in the blood 
(71). Its half-life in blood plasma (0.8 to 10.3 hours) and distribution among urinary 
metabolites varied greatly among the types of animals. The study showed that the 
bioavailability of 5-allylcysteine decreased linearly with decreased dose, from 98% at 
50 mg/kg body weight to 77% at 25 mg/kg to 64% at 12 mg/kg. Since the highest 
amount of 5-allylcysteine that would be ingested from consuming five grams of 
garlic or any garlic product would not be more than 0.05 mg/kg, the actual 
bioavailability of 5-allylcysteine may be very small, indicating a possible advantage 
of 5-allylcysteine being present in garlic mainly in the y-glutamyl form. 

Pharmacological Effects and Indicated Active Compounds 

The number of publications on the pharmacological effects of garlic cloves and garlic 
products is truly impressive and includes 1202 in vivo and in vitro studies, of which 
208 are human studies, as mentioned in the Introduction and Table I. It is not 
possible in this short review to discuss each effect in detail; however, a very thorough 
review of nearly all these studies has recently been published by Reuter et al. (72). 
After presenting the evidence for each pharmacological effect of garlic, the evidence 
for the main active compound for each effect is also discussed. 

In discussing possible active compounds, it is important to note that the 
expression "active compound" does not necessarily mean that the compound under 
consideration is actually causing the effect at the site of action, but rather that the 
initial presence of the compound is necessary for the effect. This distinction is 
needed because the metabolic fate of garlic's compounds, as with many herbs, is 
unknown and since metabolites of the compounds may well be causing the effects. 
Therefore, the terms "essential to" or "responsible for" or "initially responsible for" 
are often, but not always, used to more accurately describe an "active compound." 
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Lipid-Lowering Effect The most thoroughly studied effect of garlic is that of its 
ability to favorably influence elevated serum lipids at easily achievable doses. In 
addition to the 56 animal studies that have been conducted with garlic clove 
homogenates, allicin, and garlic-derived oils since 1933, 62 human studies have been 
reported on the lipid-lowering effects of fresh garlic and garlic products, with most of 
the product studies having been conducted with alliin/allicin-standardized garlic 
powder tablets (reviewed by Reuter et al. (72)). The use of standardized tablets has 
made it possible to conduct dose-consistent and placebo-controlled studies. Seven 
open trials with 3-10 g of fresh garlic daily for 3-8 weeks gave an average 16% 
decrease in cholesterol and 30% decrease in triglycerides (Table VII). Twenty-three 
trials (13 placebo-controlled and 10 open) from 1986-1994 involving 4600 persons 
for 6-12 weeks using standardized (3.6-5.4 mg allicin yield), acid-protected garlic 
powder tablets at a dose (0.6-0.9 g powder) equal to 1.8-2.7 g of fresh garlic, resulted 
in an average decrease in serum cholesterol of 10.3% (controlled) and 11.3% (open) 
and in serum triglycerides of 8.5% and 15%, respectively (72). 

Table VII. Effects of Garlic and Garlic Products on Elevated Serum Lipids 
Study type Daily Garlic Cholesterol Triglycerides 
(# of human studies) dose equivalent 
Fresh cloves (7) 3-10 g 3-10 g i 16% i 3 0 % 
Powders 

3-10 g 

•Allicin-standardized tablets8 

- placebo-controlled (18) 0.6-0.9 g 2-3 gb 19% >l9% 
- non-controlled (10) 0.6-0.9 g 2-3 gb i 11% i 11% 
•Non-standardized tablets (4) 0.6-1.4 g 2-4 g b 14% i l % 
Oils 

0.6-1.4 g 

• steam-distilled (2) 10-18 mg 2.5-4.5 g i 10% I 12% 
• macerated (4) 2-15 mg 0.5-4 g 114% I 19% 
Aged extracts (2) d — — — — 
* "Allicin-standardized" means there is a label claim for a specific allicin yield. 
c Based on the moisture content of whole cloves (65%)# 
c Based on the amount of thiosulfinates needed to produce the oils. 
d See item 2 under Evidence that Allicin is Responsible.... 

Since 1994, five additional placebo-controlled studies have been conducted 
with alliin/allicin-standardized tablets (73-78), giving an overall cholesterol-lowering 
effect of 9.1% for the 18 controlled studies, which involved a total of 515 treatment 
and 557 placebo persons. The effects are greater in individuals with higher initial 
lipid levels. Of the six controlled and eight open studies that examined lipoproteins, 
good decreases in LDL-cholesterol were found (8.3% and 14.3%), but only marginal 
increases in HDL-cholesterol were found (1.3% and 5.3%). A recent diet-monitored 
placebo-controlled study showed that simultaneous consumption of a standardized 
garlic powder tablet (0.9 g daily) would reverse the LDL-cholesterol raising effects 
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of fish oil from an increase of 8.5% to a decrease of 9.5% (75). Two of the recent 
controlled trials in which the persons were advised to simultaneously reduce fat 
intake to 30% ("step-1-diet") failed to find an effect on serum lipids (73, 78). 
Several of the studies have been combined into meta-analyses, which concluded that 
consumption of the equivalent of one-half to one clove per day results in a 9-12% 
decrease in serum cholesterol (78-80). 

An important clinical trial with the same alliin\allicin-standardized garlic 
powder tablets compared the efficacy of 0.9 g of garlic powder with 0.6 g of 
bezafibrate, the most frequently prescribed lipid-lowering drug in Germany, on 94 
hyperlipidemic patients who were also advised to adhere to the"step-l diet" (81). 
The study revealed very substantial and significant (p<0.001) effects in 4-12 weeks 
and showed that garlic powder was equally as effective as bezafibrate in lowering 
total cholesterol (initially 284 mg/dL; 10 and 12% decreases in 4 weeks; 25 and 27% 
decreases in 12 weeks) and LDL-cholesterol (initially 198 mg/dL; 11 and 15% 
decreases in 4 weeks; 32 and 33% decreases in 12 weeks) and only slightly less 
effective in raising HDL-cholesterol (initially 35 mg/dL; 11 and 14% increases in 4 
weeks; 51 and 58% increases in 12 weeks). The fact that the patients also showed a 
bias against the effectiveness of garlic compared to the more popular bezafibrate 
makes the results for garlic even more significant. [Note: The fibrate and statin serum 
lipid-lowering drugs have been implicated to increase cancer rates at normally 
prescribed doses (82)—however, a major five-year study with simvastatin showed a 
significant decrease in total death (83)—while modest amounts of garlic appear to 
have substantial anticancer effects (see Anticancer effects).] 

An interesting new evidence that garlic decreases blood lipids, particularly 
triglycerides, comes from the finding that consumption of a single dose of raw garlic 
causes a substantial increase in the level of acetone in the breath, an effect which 
reaches its peak at about 24 hours (46). Hence, one mechanism by which garlic 
decreases body lipids is by increasing triglyceride catabolism. 

Evidence that Allicin is Responsible for Most of the Serum Lipid-Lowering 
Effects of Garlic Cloves. There is considerable evidence that allicin is essential for 
most, but not all, of the lipid-lowering effects of garlic, particularly at low daily 
doses (2-3 g, representing allicin at 0.05-0.15 mg/kg body weight) of garlic 
consumption. The evidence has been slow in developing, mainly because the 
thiosulfinates, due to their somewhat unstable nature and strong taste, have not yet 
been employed in pure form in human studies, with one exception given below. The 
evidence is as follows: 

1. Human breath-acetone studies demonstrate increased triglyceride 
catabolism by garlic and pure allicin, but not by alliinase-inhibited or alliin-free 
garlic. The most direct and quickest means to observe the effect of garlic on lipid 
metabolism is by measuring the 48-hour rise in human breath levels of acetone, 
which rise is due to increased catabolism of fatty acid-containing lipids, mainly 
triglycerides (46). In the recent studies shown in Figure 3 (Lawson, L .D. & Wang, 
Z.J., unpublished), we have demonstrated that consumption of a seven-gram clove of 
crushed garlic (yielding 38 mg of allicin or 59 mg total thiosulfinates), as well as of 
the freeze-dried powder from the same cloves, causes substantial increases in breath 
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Figure 3. Evidence that allicin (thiosulfinates) plays a major role in the effect 
of garlic on decreasing body lipids, as indicated by human breath acetone 
levels. Gelatin capsules (14; 2 every 10 min) were consumed with yogurt over 1 
hr starting at time zero and breath acetone measured by GLC. The capsules were 
either (A) empty controls, or they contained (B) 2.7 g powder of freeze-dried 
whole cloves yielding 38 mg of allicin or 59 mg of total thiosulfinates (made from 
7 g of fresh cloves; ave. clove wt. 7.6 g), or (C) 2.7 g powder of the same cloves 
that were microwaved (to inactivate alliinase) prior to freeze-drying, or (D) 2.7 g 
of alliin/allicin-free powder prepared by repeated wetting and freeze-drying of 
powder B , or (E) 2.7 g of alliin-free powder to which 59 mg of pure (99%) allicin 
was added (equal to the total thiosulfinates of powder B), or (F) 59 mg of freshly 
prepared pure allicin (noticeable effects were also found with 7 mg allicin, not 
shown). The powders were mixed with 6.5 mL of water before adding to the 
capsules. The results of 2-3 experiments per treatment are shown. Dashed lines 
indicate baseline. A U C is the area under the curve to baseline (mean ± s.d.) for 0-
48 h. Significant difference from B is indicated by * (P<0.02) or ** (P<0.0Ol). 
Maximal effects typically occur near 24 hr (vertical lines). 
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acetone, but that removal of alliin or inhibition of alliinase by microwave cooking 
eliminates all of the activity. When pure synthetic allicin alone was used or when the 
allicin was added to the alliin-free garlic at the same original thiosulfinate level, all of 
the activity was restored. Furthermore, when alliinase-protected enteric-coated garlic 
powder tablets were also consumed at the same thiosulfinate release level (59 mg) the 
same amount of breath acetone release was found (not shown), demonstrating the 
effectiveness of such preparations. 

2. Clinical trials with garlic products not yielding allicin. The only clinical 
trials with spray-dried garlic powder (0.7 g/day) failed to show an effect, even when 
initial cholesterol values were very high (280 mg/dL); however, spray-drying causes 
nearly complete loss of alliin and allicin-yield (84, 85). 

In a recent crossover clinical trial with a dry aged extract which also contains 
very little alliin and no active alliinase, a dose (7.2 g/day for 5 months) 10 times 
larger and for a considerably longer time than that needed in the trials with allicin-
yielding garlic powder tablets produced only a modest 6% decrease in serum 
cholesterol and no change serum triglycerides (86). A smaller amount (4 mL daily) 
of a liquid form of this product, which contained 10% ethanol (9), has been shown to 
significantly lower serum cholesterol (11%) and triglycerides (15%) by 5-6 months; 
however, the product caused significant increases in serum lipids in the first two 
months, an effect not seen with cloves or powders, and the placebo did not contain 
ethanol (87). It is not possible to compare these two clinical trials with aged extracts 
to each other or to garlic cloves, since neither were defined by content of any 
characteristic compounds or by the amount of garlic represented (88). 

3. Animal studies with allicin and with alliinase-inhibited or allicin-depleted 
preparations. A recent study with cholesterol-fed rabbits showed that feeding pure 
allicin at 3 mg/kg for 10 weeks resulted in very significant decreases in serum 
cholesterol and LDL-cholesterol and increase in HDL-cholesterol, although there was 
little change in triglyceride (89). A study with normolipidemic rats showed 
significant decreases in serum cholesterol and triglyceride when fed allicin at 100 
mg/kg for 8 weeks (90). Furthermore, fresh garlic has been shown to clear the lipid-
turbidity of rabbits fed a high fat diet, but boiled garlic (alliinase inactivated) failed to 
do so (91). Fresh garlic juice, but not old garlic juice (allicin evaporated) decreased 
atherosclerotic lesions in cats (92). Lastly, removal of the alliin and thiosulfinates 
from freeze-dried garlic by distillation completely eliminated the substantial 
cholesterol-lowering effects of the dried garlic in cholesterol-fed rats, although the oil 
from the distillation was effective (93). 

4. Clinical and animal trials with allicin-derived garlic oils at doses 
equivalent to the allicin released from garlic cloves and powder. As mentioned 
previously, all garlic oils are derived from the thiosulfinates, mainly allicin. These 
allicin-derived oils have been shown to be as effective as garlic cloves and garlic 
powder at similar allicin equivalents (Table VII). Clinical trials with fairly low doses 
of allicin-derived garlic oils (0.05-0.25 mg/kg, approximately equivalent to the allicin 
from 1-4 g of raw garlic) have demonstrated a 10-14% reduction in serum cholesterol 
(94-99), a 12-36% reduction in serum triglycerides, and a 35% decrease in heart 
attacks (100). Furthermore, a single-dose study found that the ether-extracted oil of 
homogenized garlic lowered serum cholesterol levels equally as well as the 
homogenate(707,). 
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Animal studies with garlic oils have also shown substantial cholesterol 
lowering with steam-distilled oil at 0.2 mg/kg (102, 103) and ether-extract oils at 0.5 
mg/kg (104, 105). Since both allicin and the main compounds in allicin-derived oils, 
particularly in the steam-distilled oil, are metabolized in blood to the same compound 
(see Absorption and Metabolic Fate), and since these oils contain no other garlic-
derived compounds, these studies provide important evidence for the lipid-lowering 
activity of allicin. Furthermore, the finding of similar effects in both animals and 
humans at similar low dose levels provides additional evidence that the effects of 
garlic on serum cholesterol-lowering found in the clinical trials are real. 

5. In vitro and in vivo inhibition of cholesterol biosynthesis. The work of 
Gebhardt (106-109) with rat liver cells has shown that allicin, diallyl disulfide, and 
ajoene are potent inhibitors of cholesterol biosynthesis at low concentrations (5-17 
pM), while alliin is inactive. Since metabolites of these compounds, rather than the 
compounds themselves, actually reach the liver, it is uncertain if they cause direct 
inhibition of cholesterol synthesis in vivo. Gebhardt has also shown that allicin can 
decrease cellular biosynthesis of cholesterol by acting on HMGCoA-reductase levels 
without inhibiting the enzyme directly (106). He has also shown that allicin increases 
the production of adenosine-generated cyclic-AMP and has concluded that allicin 
may decrease HMGCoA-reductase by modifying signal transduction pathways (110). 
Such an effect could account for activity at low doses and for better effects on 
hyperlipidemics. The activity of liver HMGCoA-reductase has also been shown to be 
significantly decreased in rats fed a diet of 2.5% garlic powder (111). 

6. No other identified compound in whole or crushed garlic has indications of 
significant activity at doses present in normal levels of garlic consumption. 

Antithrombotic Effects. The ability of crushed garlic cloves to prevent blood 
platelets from aggregating (thus reducing the risk of blocked arteries) has been well-
established in numerous in vitro and in vivo studies (reviewed in Reuter et dl.(72)). 
Eight animal and six human studies have shown in vivo that garlic (112), allicin-
standardized garlic powder (113) and allicin-derived garlic oils (96, 115, 116) at 
modest doses (equivalent to 2-3 g garlic/person) can prevent platelet aggregation and 
thrombus formation. 

Direct in vivo studies with compounds present in whole or crushed cloves 
have not been conducted; however, both human and animal studies indicate allicin to 
be responsible for most of the effect in vivo, since garlic cloves, powders and garlic 
oils all have similar effects at similar levels of allicin yield or content of allicin-
derived compounds (72). Furthermore, serum levels of prothrombotic thromboxane 
in rats was shown to be significantly decreased by a low oral dose of fresh garlic 
(equal to 3 g for a person), but not by alliinase-inhibited (boiled) garlic (64). In vitro 
studies with whole blood clearly show the thiosulfinates (allicin being somewhat 
more active than the other thiosulfinates) to be responsible for nearly all the activity, 
with little activity for alliin, and none for 5-allylcysteine or adenosine, although 
adenosine is active in the absence of red blood cells. Allicin-derived garlic oils are 
also effective in vitro, with ajoene, diallyl trisulfide, and 1,2-vinyldithiin having 
similar activity to allicin (53). 
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Effects on Fibrinolysis, Blood Coagulation and Blood Flow. In close connection 
with the platelet antiaggregatory effects of garlic are its effects on increasing 
fibrinolysis (fibrin breakdown), blood clotting time, and peripheral blood flow rate. 
The effect on fibrinolysis is one of the more dramatic effects of garlic consumption in 
people, with noticeable effects occurring in a few hours. To date, 11 clinical trials (3 
controlled) have been reported on the fibrinolytic effects of garlic powders, cloves, 
and allicin-derived garlic oils, revealing an average 70% increase in fibrinolysis for a 
dose equivalent representing 2-6 g of garlic (72). Improved flow of erythrocytes 
through the capillaries and decreased plasma viscosity by standardized garlic powder 
tablets (800 mg dose) has been clearly demonstrated by a novel non-invasive sub
cutaneous (under the fingernails) technique (117, 118). The effects on increasing 
blood clotting time have been sufficient for surgeons to ask patients to not eat garlic 
prior to surgery (779,120). The active compounds have not been directly proven, nor 
has cooked (alliinase-inhibited) garlic been tested at a moderate dose, but the effect 
appears to be mostly due to allicin since the cloves, powder, and allicin-derived garlic 
oils are equally effective in clinical trials at similar levels of allicin equivalence. 
However, other active compounds are present, since, at high doses (35 g daily), both 
raw garlic and fried garlic (alliinase-inhibited) enhanced fibrinolysis almost equally 
(121). Cycloalliin (Figure 1 and Table III) may account for the activity at higher 
doses, as it has been shown in two human studies to substantially increase fibrinolysis 
at 125-250 mg/person, the amount present in about 100 g of garlic (722,123). 

Blood Pressure. Garlic can exert mild hypotensive effects, as shown in 14 human 
studies (10 placebo-controlled) with allicin-standardized garlic powder tablets (0.6-
0.9 g powder), where systolic and diastolic blood pressures decreased by 6.3% and 
6.9%, respectively, in the controlled studies in 1-6 months (72). The only studies that 
showed no effect were those with persons who had normal or only slightly elevated 
blood pressures. A meta-analysis of eight of the clinical studies concluded that garlic 
may be of value for persons with mild hypertension (724). Over 30 animal studies 
have also shown positive effects (72). One mechanism for the effect appears to be 
stimulation of nitric oxide synthetase (725, 126). There are no good indications of 
the active compounds. Allicin is not involved since selective removal of the 
thiosulfinates with organic solvents (127-129) or inactivation of alliinase by cooking 
(130) does not change the hypotensive activity in animals. Proteins are also not 
involved since only the external dialysate has activity (131). The only indications for 
possible active compounds come from in vitro studies, one of which showed that the 
y-glutamylcysteines can inhibit angiotensin converting enzyme (132), a hormone that 
increases blood pressure; and a second which showed that the fructans of garlic can 
inhibit adenosine deaminase in isolated cells (21), an effect that could increase levels 
of adenosine, a compound that acts at purinergic receptors to relax and dilate blood 
vessel smooth muscles. 

Anticancer Effects. The best and almost only evidence for the anticancer effects of 
garlic in humans comes from eleven epidemiological studies in six countries (Table 
VIII). They have demonstrated a consistent correlation between garlic clove 
consumption and decreased risk of gastrointestinal cancers. Indeed, 79% of the 34 
epidemiological studies on allium vegetables (garlic, onion, leek) and cancer (mainly 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

01
4

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



199 

gastrointestinal) have shown a protective effect, a similar percentage as for green 
vegetables and cruciferous vegetables (144). A study from the Shandong Province of 
China showed that daily consumption of 20 g (4-6 cloves) of raw garlic was 
associated with a 92% decrease in stomach cancer compared to consuming less than 1 
g daily (134). The effect appears to be due to the killing of nitrate-reducing bacteria 
(decreased nitrosamines) by the thiosulfinates (145,146). 

An important study for Americans is the Iowa Women's Health Study, a 5-
year cohort study which monitored the intake of 127 foods by 41,837 Iowa women, 
ages 55-69 (142). Garlic was the only food which showed a statistically significant 
association with decreased colon cancer risk, as demonstrated by a 35% lower risk 
for consumption of only one or more servings per week. The results of this study 
have been supported by a second U.S. study with 488 case-controlled Californians, 
which showed a very significant association between consumption of garlic (3 or 
more servings/week) and a decrease (37%) in the occurrence of pre-cancerous 
colorectal polyps (143). 

Table V M . Epidemiological Studies on Garlic Clove Consumption and Cancer 
Location/Ref. Cancer type Cases/controls Food Odds ratio8 

Argentina (133) colon 110/220 garlic & onions 0.3 
China (134) stomach >100,000 each raw garlic (20 g/d) 0.08 
China (135) stomach 564/1131 garlic (>4 g/d) 0.7 
China (136) larynx 201/414 garlic 0.55 
Italy (137) stomach 1016/1159 cooked garlic 0.5 
Italy (138) stomach 1000/1150 garlic & onions 0.8 
Iran (139) esophagus 344/688 pickled garlic 0.6 
Switzerland (140) breast 107/318 garlic 0.65 
Switzerland (141) endometrium 274/572 garlic 0.6 
Iowa women (142) colon 41,837 (cohort) garlic (>1 serving/wk) 0.65 
California (143) colon polyps 488/488 garlic (>3 serving/wk) 0.63 
a Values less than one indicate a protective association; all are statistically significant. 

Epidemiological studies in the Netherlands for garlic supplements have failed 
to find a protective association for colorectal, stomach, or breast cancers (147-149)', 
however, these studies have little relevance since neither brands nor types of 
supplements were distinguished on the questionnaire and since, as shown in Table V , 
garlic supplements vary greatly in their composition (much greater than do garlic 
cloves) depending on both the type of supplement and the brand, even for European 
brands (50). Furthermore, it is doubtful that supplements are consumed consistently 
enough over as long of time as are garlic cloves to see an anticancer association. 

Although no intervention trials with people have yet been conducted, a large 
number of animal (carcinogen-induced tumors and DNA aberrations) and in vitro 
anticancer studies have been conducted with garlic cloves, garlic oils, and aged garlic 
extract, most of which have shown very positive effects, although large doses have 
usually been used. Some recent animal studies with lower doses of crushed garlic 
(150,151), garlic juice (152), and garlic powder (0.1% of dry diet) (153) have shown 
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good activity at the equivalent of 1.7, 28, 10, and 0.6 g garlic/70 kg person, 
respectively. The study with garlic powder fed to rats (153) indicates a saturation 
effect around 0.2% of the diet since only a small improvement was seen at 0.5% with 
no further improvement at 1%. Furthermore, a recent ex vivo study with healthy 
men showed that consumption of 3 g of raw garlic for 8 days resulted in significantly 
decreased benzopyrene-induced lymphocyte DNA-adducts (154). 

Both allicin and other unidentified compounds in garlic appear to be about 
equally responsible for the anticancer effects. There are a large number of animal 
studies which have shown positive effects using pure allicin-derived diallyl sulfides 
(72). Although most of these studies have used very high concentrations (100-200 
mg/kg body wt.), some recent studies with diallyl disulfide at 4-10 mg/kg (755, 756; 
and steam-distilled garlic oil at 2 mg/kg (151) have significantly prevented induced 
tumor growth. In fact, diallyl disulfide was as effective as an equal amount of 5-
fluorouracil, the chemotherapy drug of choice (156). The S-allyl group is essential to 
the effect since neither dipropyl sulfides nor 0-allyl compounds have activity (757-
759). Furthermore, diallyl trisulfide is more effective than the disulfide (160, 161), 
which is more effective than the monosulfide (762,163). The weak trisulfide bond is 
also a critical to the mechanism of action for the calicheamicins and esperamicins, 
natural compounds containing a methyl allylic trisulfide that are among the most 
powerful antitumor agents known (164). The importance of the allyl group being 
attached to at least two sulfur atoms (dithioallyl compounds) is also indicated by the 
much greater antiproliferative effects on cancer cells by allicin-derived S-
allylmercaptocysteine (allyl-SS-cys) than by S-allylcysteine (allyl-S-cys) (765,166). 

On the other hand, in most of the countries where the epidemiological studies 
were conducted, garlic is mainly eaten in cooked form (alliinase inhibited), indicating 
that garlic can significantly decrease intestinal cancers in the near absence of allicin 
or sulfides. Furthermore, positive effects with aged extracts (2-4% of dry diet), 
which do not form aliicin, also indicate important activity by compounds unrelated to 
allicin; however, the identity of these compounds is unknown. 5-Allylcysteine has 
been proposed as a possibility, but its activity as a pure compound accounts for only 
0.3-3% of the activity of the extract (762, 765, 767) and less than 0.1% of the activity 
of cloves (168). Since garlic contains much more y-glutamyl-5-allylcysteine than S-
allylcysteine, it is possible that the former may account for significant activity, 
particularly since it is probably hydrolyzed to the latter in the kidney. Saponins have 
also been proposed to account for some of the effects of garlic (169), but their 
abundance in garlic (1 mg/g) is too small, especially when considering the low 
amount of garlic normally eaten (1-3 g/d). In contrast, a commonly consumed 
amount of kidney beans (100 g/d) contains 1400 mg of saponins (170). 

Antioxidant Effects. Since antioxidants are important natural means of combating 
both cancer and atherosclerosis, numerous (42) in vitro studies plus 15 animal and 4 
human studies have been conducted with garlic, allicin-derived garlic oils, and allicin 
(72). They have consistently shown good antioxidant activity as demonstrated by 
decreased lipid peroxidation, increased free radical scavenging (decreased hydroxyl 
radicals), and increased glutathione. A recent mouse study showed that diallyl 
trisulfide—which is metabolized similar to allicin—is much more effective than 
diallyl sulfide toward increasing tissue glutathione and glutathione-S-transferase 
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activity (159). Of the four human studies conducted so far (600-900 mg of 
alliin/allicin-standardized garlic powder per day as tablets), three have shown positive 
effects on decreasing oxidation of LDL-cholesterol (171-173), while one has not 
(73). Even though pure allicin can be an oxidizing compound at sufficient 
concentrations in vitro, the results of 12 animal studies with allicin-yielding garlic 
powder and allicin-derived garlic oils indicate that allicin is probably responsible for 
most of the in vivo antioxidant effects of garlic at low doses (0.1-0.5 mg/kg body wt.; 
equivalent to 1.4 to 8 g garlic for a 70 kg person), while other compounds (alliin, y-
glutamylcysteines, S-allylcysteine) appear to have activity only at higher doses (10-
50 mg compound/kg body wt.). 

Antimicrobial Effects. As one of the most common historical and modern uses of 
crushed garlic, a large number of antibacterial and antifungal studies (about 250, of 
which 27 have been human studies), as well as several antiviral (23; 7 human) and 
antiprotozoal (11) studies, have been reported (72). Crushed garlic or its juice or 
aqueous extract are effective against a wide range of both Gram positive and Gram 
negative bacteria, including Escherichia, Salmonella, Staphylococcus, Streptococcus, 
Klebsiella, Proteus, Bacillus, Mycobacterium, and Clostridium. Recent reports show 
that it is also effective against Helicobacter pylori, the cause of gastric ulcers (174, 
175). Furthermore, it has been shown that crushed garlic is considerably more 
effective against many of these pathogenic bacteria than against normal flora 
bacteria, such as Lactobacillus, Enterococcus, and Pediococcus (176, 177). A very 
important aspect of the antibacterial activity garlic is the apparent inability of bacteria 
to develop resistance to allicin and crushed garlic (178-181). For example, it is 
almost a thousand times easier for Staphyloccocus aureus to develop resistance to 
penicillin than to allicin (180). 

In 1944, Cavallito and Bailey (182) were the first to discover that allicin was 
the main antibacterial agent of garlic. Since then, the thiosulfinate fraction of garlic, 
which is about 75% allicin, has been shown many times to be responsible for the 
antimicrobial effects, since selective removal of die thiosulfinates or inhibition of 
their formation eliminates all of the activity. Allicin-derived compounds present in 
garlic oils (especially diallyl trisulfide and ajoene) also have antimicrobial activity, 
although less than for allicin (72). In vitro, allicin is about equally as effective (MIC 
of 50 pM) as nystatin and ketoconazole against Candida fungi (183) and more 
effective than ampicillin or kanamycin against a broad range of pathogenic bacteria 
(184). Furthermore, Cavallito and Bailey (182) showed that while allicin has only 1% 
of the activity of penicillin against Staphyloccocus aureus, it is much more effective 
than penicillin against Gram negative bacteria. Recently, allicin has been shown in 
vitro to strongly reduce the pathological effects (50% decrease at 10 pM) of 
Entamoeba histolytica, a major world-wide cause of amoebic dysentery, apparently 
by inhibition of cysteine proteinases (185). It has long been known that a main 
mechanism by which allicin exerts its antimicrobial effects is by its rapid reaction 
with the SH-group of cysteine (186) (see Figure 2) in enzymes containing cysteine at 
their active sites (187). 

Most of the antimicrobial studies with crushed garlic or the thiosulfinates 
have been conducted in vitro. Because most of the antimicrobial uses of garlic are 
for infections of the skin or intestinal tract, the in vitro studies are probably a fairly 
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good estimate of the in vivo effects. In fact, several in vivo topical and 
gastrointestinal studies with animals (10) and humans (6) verify the in vitro effects 
(72). Furthermore, several studies in animals (188-191) and people (192-196) 
demonstrate that orally consumed crushed garlic and allicin-related compounds also 
have systemic antimicrobial effects in the lungs, kidney, blood, brain, and 
cerebrospinal fluid. 

Immune Effects. A small number of human (3), animal (6), and in vitro (5) studies 
indicate that low doses of garlic products can stimulate the immune system, as shown 
by increased numbers of lymphocytes, increased phagocytosis, increased natural 
killer cell activity, and increased antibody titers (72). The human studies have used 
(a) daily doses of 0.6 g allicin-standardized garlic powder to show increased phago
cytosis and lymphocyte counts (197), (b) 1.8 g of an aged extract to show increased 
natural killer cell activity (198), and (c) 5-10 g of an undefined garlic extract to show 
increased natural killer cell activity in AIDS patients (799). Both allicin and other 
unknown compounds appear to be responsible for the effects, since allicin, allicin-
derived sulfides, allicin-depleted garlic extracts, and a protein fraction all have 
activity (72). 

Hypoglycemic Effects. A number of animal studies (25) and a few human studies 
(3) indicate that garlic can modestly reduce blood glucose and increase insulin levels 
(72). Although most studies have used large doses for a single day, a recent 
controlled clinical trial found significant blood glucose reduction (13%) with 0.8 g 
allicin-standardized garlic powder, the equivalent of 2.5 g fresh garlic, taken for four 
weeks (118). Allicin appears to be responsible for most of the effect since allicin 
itself is nearly as effective as the standard drug, tolbutamide (200); whereas, removal 
of alliin from garlic by spray-drying resulted in no effect (85). Fresh garlic has not 
yet been compared to cooked (alliinase-inhibited) garlic. 

Effects on memory loss and aging. There have been several recent reports with 
senescence-accelerated mice showing that lifelong consumption of an aged extract of 
garlic at 2% of the diet (dry wt.) improves learning memory retention, gives a better 
aging index, and decreases brain shrinkage (201-204). Neither fresh nor cooked garlic 
have yet been tested in memory or aging studies, although it is expected that similar 
effects, especially for cooked garlic, may be found at considerably lower doses due to 
its higher content of garlic compounds (see Table V). 

Toxicology 

It is common experience that both fresh and cooked garlic are generally well-
tolerated when consumed in reasonable amounts and with a meal. Several human 
studies have shown that long-term consumption of 10-15 grams (2-5 cloves) of fresh 
garlic daily without noticeable side effects, other than odor on breath and skin (205). 
Furthermore, in some areas of China, it is common to consume an average of 20 
grams of raw garlic daily (134). A recommended safe level for consumption of fresh 
garlic is 10 grams (2-3 cloves or 3.3 grams dry weight) per day, eaten with meals. 
However, when consumed without other food or in high amounts, fresh garlic will 
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irritate the throat and stomach, which effect is due mainly to allicin. Other side 
effects include skin allergies on the left hand from frequent slicing, skin burns when 
crushed cloves are placed on the skin for six or more hours (shorter times should be 
used for treating skin infections), and rare cases of asthma attacks from occupational 
exposure to garlic dust. Since cooking prevents most of the allicin formation, 
considerably higher amounts of cooked garlic can be safely consumed. Allicin has 
an LD50 of 60 mg/kg bw (intravenously), corresponding to 1200 grams fresh garlic 
for a 70 kg person, as tested in mice (Merck Index), which represents a toxicity level 
similar to that of ferrous sulfate (a common form of iron supplementation), but about 
ten times less toxicity than for selenium or Vitamin D. Allicin has been reported to 
oxidize hemoglobin (206); however, such an effect has only been found in vitro near 
a concentration that is 25,000 times the maximum possible level attainable by 
consumption of a 3 g clove (207). As spices, both garlic and allicin-derived garlic oil 
have GRAS (generally recognized as safe) status in the U.S. (Federal Register 39, 
1994, 34213-34215). The toxicology of garlic has been recently reviewed by Koch 
(205). 

Summary of the Evidence for the Active Compounds of Garlic 

So far, the thiosulfinates are the only class of compounds with reasonably proven 
activity at levels representing normal amounts of garlic clove consumption, 2-4 
g/day. Allicin is the most important of the thiosulfinates since it is 70-80% of the 
total and since it has somewhat better antithrombotic and antimicrobial activities than 
the other thiosulfinates (53, 182). Several lines of evidence strongly indicate that the 
thiosulfinates are responsible for most of the antimicrobial and hypolipidemic/ 
hypocholesterolemic effects of garlic, while they also appear to be responsible for 
most of the antithrombotic, antioxidant, and hypoglycemic effects as well as for 
significant portions of the anticancer and immune-stimulating effects, but not for the 
hypotensive effects (summarized in Table IX). 

Table IX. Summary of the Main Compounds Essential to the Pharmacological 
Effects of Garlic Cloves at Normal Levels of Consumption 

Effect Good evidence Some evidence 
Antimicrobial allicin/thiosulfinates 
Hypolipidemic allicin/thiosulfinates 
Hypotensive unknown (not thiosulfinates) Y-glutamylcysteines, fructans 
Antithrombotic allicin/thiosulfinates 
Fibrinolysis allicin/thiosulfinates cycloalliin 
Antioxidant allicin/thiosulfinates 
Anticancer unknown and thiosulfinates Y-glutamylcysteines 
Immune effects unknown and thiosulfinates 

This does not mean that all of the effects of garlic are due solely to the 
thiosulfinates, but no other compound has yet been identified with significant activity 
at levels present in whole or crushed garlic. Likewise, in garlic products, only the 
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alliin-derived or allicin-derived compounds have been shown to account for most of 
the activity of these products. Certainly, other active compounds do exist, particularly 
for the hypotensive, anticancer, and immune effects of garlic, but they have not yet 
been identified at levels that would account for the activity. Alli in, the parent 
compound of the thiosulfinates, has no significant activity for any known effect. S-
Allylcysteine, adenosine, saponins, and a protein fraction have all been proposed to 
account for some of garlic's activities, but the levels of these compounds are much 
too small to account for a significant portion of the activity. Cycloalliin may have 
important activity for both garlic and onions, but it has only been examined for its 
fibrinolysis effect. The y-glutamylcysteines and fructans are much more abundant and 
are good possibilities for future research, although they have as yet only been 
examined in a few in vitro studies. Pharmacological studies with fractions of garlic 
of known composition have rarely been conducted for its hypotensive, anticancer, 
and immune effects, but they will be essential to discovering the identity of garlic's 
still-unknown active compounds. This is the challenge for the future! 
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Chapter 15 

Neuroprotective Effects of Ginkgo biloba Extract 

Barbara Ahlemeyer and Josef Krieglstein 

Institut für Pharmakologie und Toxikologie, Fachbereich Pharmazie der Philipps-
Universität Marburg, Ketzerbach 63, D-35032 Marburg, Germany 

Extracts of the leaves of Ginkgo biloba (such as EGb 761 and LI 1370) 
are widely used for the treatment of dementia and cerebral 
insufficiency. This review will summarize experimental results 
concerning the protective effects of EGb 761 and its constituents in 
different models of cerebral ischemia. Furthermore, we present the 
supposed mechanisms of action and the current status of clinical trials. 

For more than 40 years, the extract of the leaves of Ginkgo biloba (EGb 761) has been 
widely used therapeutically to increase peripheral and cerebral blood flow, as well as 
for the treatment of cerebral ischemia, brain disorders caused by old age, and of 
dementia due to neuronal degeneration or to vascular deficiency. In these age-related 
disorders, EGb 761 should enhance the intellectual capacity of the patients, that is, 
improve the learning, memory and cognitive faculties. Although it has been shown that 
organ systems other than the brain, e.g. the lung (1, 2) and the heart (3, 4), could also 
benefit from the effects of EGb 761, this review will focus only on the effects of 
Ginkgo biloba extract on the brain function. First, we would like to present the 
neuroprotective effects of EGb 761 in different in vivo and in vitro models of cerebral 
ischemia and relate them to the different constituents of EGb 761. Thereafter, we 
would like to discuss in detail the effects of EGb 761 under normoxic as well as under 
ischemic conditions of the brain, including the effects of EGb 761 on cerebral blood 
flow, on cerebral glucose and lipid metabolism, and on the neurotransmitter systems. 
The last part of this review will summarize the present status of clinical trials on the 
commercial extracts of Ginkgo biloba (EGb 761 and LI 1370). 

The Constituents of Ginkgo Biloba Extract (EGb 761) 

This extract of Ginkgo biloba is prepared by highly extracting the leaves and removing 
the constituents ginkgole acid and the biflavones. The purified extract, EGb 761, is 
standardized to 24 % flavonoids. In addition, it contains approximately 6% terpene 

210 ©1998 American Chemical Society 
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lactones (5). The flavonoid fraction consists of flavone glycosides and 
proanthocyanidines; whereas, the terpene lactones (non-flavonoid fraction) are 
composed of 2.9% bilobalide and 3.1% ginkgolides A, B, C and J (Figure 1). In 
addition, several organic acids, e.g. kynurenic acid and hydroxykynurenic acid, are also 
found. Most of the extracts of ginkgo biloba on the market are standardized to 24% 
flavone glycosides and 6% terpene lactones. There is convincing evidence that the 
terpene lactones are the effective constituents of EGb 761. 

Ginkgolides 

Figure 1: Chemical structures of the ginkgolides A , B, C and J and bilobalide. 

The Neuroprotective Effects of EGb 761 and its Constituents in Different Models 
of Cerebral Ischemia and Hypoxia. 

Previous studies of Karcher et al. (6) showed that animals exposed to hypobaric 
hypoxia survived 3-4 min and that the survival time was prolonged up to 25 min in 
animals treated with EGb 761. Based on these findings, Oberpichler et aL (7) 
measured again the survival of rats and mice after lethal hypoxic conditions (the 
animals were exposed to an atmosphere of 3-4% O2) which was prolonged from 9±2 
min to 21±4 min after a 30-min pretreatment with 100 mg/kg EGb 761. In this study 
only the non-flavonoid fraction of EGb 761 was effective. Further studies (8) were 
performed to evaluate which constituents of EGb 761 mediate the neuroprotective 
action. In mouse and rat models of permanent focal ischemia, administration of 5 
mg/kg bilobalide, of 100 mg/kg ginkgolide B and of 50 mg/kg ginkgolide A (Lv.) 30 
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min before ischemia significantly reduced the infarct volume 2 days after focal 
ischemia. Bilobalide (10 mg/kg), but not ginkgolides A and B, was also effective when 
added immediately after focal ischemia. None of the drugs showed neuroprotection 
when given 60 min after focal ischemia. Ginkgolides C and J, as well as EGb 761 (200 
mg/kg) were not effective (Table I). 

Table I. Neuroprotective effects of EGb 761, bilobalide and the ginkgolides A 
and B which were administered directly after focal ischemia in mice and rats. 

Drug Dosage Percentage of infarcted area (mm2) after 48 h 
Control Drug-treated 

EGb 761 200 mg/kg 
Ginkgolide A 50 mg/kg 
Ginkgolide B 100 mg/kg 
Bilobalide 10 mg/kg 

29.1 ±2.3 (14) 
29.5 ±3.1 (12) 
25.2 ±3.4 (13) 

130 ± 2 8 (15) 

29.0 ±4 .4 (14) n.s. 
24.7 ± 2.3 (13) *** 
19.9 ±4 .0 (13) * 

105 ± 2 0 (15) ** 

Different from controls with * p<0.05, **p<0.01, ***p<0.001. 

Under severe hypoxic conditions, again EGb 761 was less protective (8). 
Global ischemia for 10 min in rats made it possible to discriminate the response 
between different brain regions, especially to observe the delayed neuronal death in the 
C A I region of the hippocampus. Bilobalide (10 mg/kg s.c, 30 min before ischemia) 
and EGb 761 (100 mg/kg, Lv., 30 min before ischemia; 2 x 100 mg/kg i.v., 15 and 45 
min after ischemia) failed to reduce the number of damaged neurons 7 days after 
ischemia. Although EGb 761 was able to attenuate postishemic hypoperfusion, the 
enhancement of local cerebral blood flow was not sufficient to cause neuroprotection 
and was probably abolished by the effect of EGb 761 to elevate plasma glucose levels. 
Similar results were described by Karkoutly (9), who found no protective effect of 100 
mg/kg EGb 761 after 10 min of global ischemia in rats either by adding it 30 min 
before ischemia or by a 10-day pretreatment. Interestingly, in a gerbil model of 5 min 
of global ischemia, a pretreatment of two weeks with EGb 761 (100 mg/kg, p.o.) 
reduced the percentage of damaged neurons in the hippocampus from 90% to 50% 
and improved the neurological disorders of the gerbils (10). 

The protective effects of EGb 761 and its constituents were also studied in 
primary cell cultures. Cytotoxic hypoxia was performed in pure neuronal cultures from 
chick embryo telencephalons by incubating the cells for 30 min with 1 mM NaCN and 
by measuring cell viability and the decrease in intracellular ATP concentration after 
three days of reoxygenation. EGb 761 (300 mg/1) failed to attenuate the loss in ATP 
concentration (11), but bilobalide (0.1 uM) reduced the percentage of damaged 
neurons from 35±4 % to 25±3% (12). In mixed cultures of neurons and astrocytes 
from neonatal rat hippocampus, bilobalide (10 uM) and ginkgolide B (1-100 uM) 
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could protect the neurons from glutamate-induced toxicity (8). The drugs were added 
30 min before the addition of 1 mM glutamate and the cell viability was determined 18 
h later (Table II). 

Table II. The effects of bilobalide and ginkgolide B on cell viability after 
glutamate-induced excitotoxicity in primary hippocampal cultures. 

Drug Dosage Cell viability (%) after 18 h 
Control Drug-treated 

Ginkgolide B 1 pM 50 ± 2 (6) 60 ± 3 (6) *** 
Ginkgolide B 100 pM 50 ± 2 (6) 70 ± 4 (6) *** 
Bilobalide 10 pM 45 ± 5 (15) 58 ± 7 (6) ** 

Different from controls with * p<0.05, **p<0.01, ***p<0.001. 

Taken together, these studies demonstrate that the EGb 761 constituents 
bilobalide and the ginkgolides A and B (50-100 mg/kg) significantly protected neurons 
after mild ischemia even when given shortly after the injury, but they failed to be 
effective under conditions of severe ischemia. With EGb 761, protective effects could 
only be observed in mild ischemia with long periods of pretreatment and only a 
tendency of neuroprotection after a 30-rnin pretreatment. Bearing in mind that 100 
mg/kg EGb 761 contains only 3.1 mg/kg and 2.9 mg/kg ginkgolides and bilobalide, 
respectively, this is to be expected. Similar results were found in neuronal cell cultures. 

Possible Mechanisms of the Neuroprotection of EGb 761 and its Constituents 

Effect on Cerebral Blood Flow. The ability of EGb 761 to increase the blood flow in 
the whole body under normal conditions is well accepted. In the first characterization 
of EGb 761, an increase in the blood flow through peripheral vessels of guinea pig leg 
was shown (13). In the brain, the infusion of 130 mg/kg EGb 761 in rats increased the 
local cerebral blood flow (LCBF) by 50-100% in nearly all brain regions (14), as 
evaluated by 14[C]iodoantipyrine autoradiography. This increase in L C B F was shown 
to be related to the non-flavonoid fraction of EGb 761. 

After global ischemia, the cerebral blood flow at first increases (postishemic 
hyperperfusion), but then it decreases for several hours to 40-60% of preischemic 
values (postishemic hypoperfusion) (15). Under conditions of 10 min of global 
cerebral ischemia in rats, the administration of 2 x 100 mg/kg EGb 761, 15 and 45 min 
after ischemia, is able to reverse the hypoperfusion to nearly control levels, although 
the infarct volume was not reduced (8). Le Poncin-Laffite et aL (16) have also found a 
less pronounced decrease of LCBF after mild ischemia induced by microembolization 
in gerbils by pretreatment with EGb 761 (100 mg/kg p.o.) for 3 weeks. 
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The increase in LCBF under normal as well as under ischemic conditions could 
be due to an increase in sympathetic activity and/or to vessel relaxation. There is some 
experimental evidence of the potency of EGb 761 to induce the release of 
catecholamines from their intracellular stores (17, 18), thereby acting as an indirect 
sympathomimetic agent. This hypothesis was supported by the findings that EGb 761 
forced the contractile effect of noradrenaline in isolated vessels (17) and that cocaine, 
which stabilizes the cellular membrane, diminished the constrictive effect of EGb 761 
by inhibiting the release of the catecholamines (18). In addition, an increase in the 
levels of biogenic monoamines in certain brain regions (19) and an inhibition of 
monoaminoxidase by EGb 761 (20) were found. 

The relaxation of blood vessels by EGb 761 was discussed as being an indirect 
sympathomimetic effect but also due to an increased synthesis of prostacyclin (21). 
Furthermore, during ischemia and especially during reperfusion the amount of free 
radicals is enhanced, and, in this case, the radical scavenger capacity of EGb 761 (22) 
will inhibit formation of nitric dioxide radicals (NOO-) from nitric oxide (NO). As a 
consequence, sufficient amounts of NO activate the guanyl cyclase, leading to an 
increase in intracellular c-GMP concentration which results in vasodilation. In 
addition, an inhibitory effect of EGb 761 on c-GMP phosphodiesterase has been found 
which also increases the intracellular c-GMP concentration (23). 

An additional point to discuss is the beneficial effect of EGb 761 on brain 
perfusion by its thrombolytic activity. After ischemia (and also during other brain 
diseases such as dementia) blood viscosity was found to be increased and this 
phenomenon could be partly blocked by high doses of EGb 761 (24). Experimental 
hints suggest that EGb 761 reduces the thrombocyte aggregation by increased 
synthesis of prostacyclin (21). 

In summary, sympathic activation, in combination with vessel dilation, are the 
main reasons for enhanced brain tissue perfusion by EGb 761 under both normal and 
ischemic conditions. The increase in LCBF by EGb 761 could protect brain tissue after 
mild focal ischemia, but not after severe global ischemia. 

Effect on Brain Energy Metabolism. Under normoxic conditions, there are regional 
differences in brain glucose utilization, which remained unchanged after injection of 
100 mg/kg EGb 761 (25). Because EGb 761 increased plasma glucose level with no 
change in the rate of glucose consumption, an enhanced brain tissue level of glucose 
could be measured (6). 

Under mild hypoxic conditions (12% O2 for 2 hours), glucose consumption 
decreased, but severe hypoxia led to an increase in glucose consumption in different 
regions of the brain due to the non-economic use of glucose for ATP production by 
anaerobic glycolysis. As a consequence, the ATP level dropped in the whole brain 
tissue and the lactate concentration increased. Animals pretreated for 5 days with 100 
mg/kg EGb 761 (p.o., daily) showed, after focal ischemia, approximately the same 
values of glucose utilization compared to normoxic controls (26). Also, under severe 
reduction of O2 to 7%, EGb 761-pretreated animals showed an increased glucose 
consumption by 40-70% in gray matter and by 50-90% in white matter compared to 
ischemic animals (27). 
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In addition, EGb 761 can prolong the decrease in energy metabolism. During 
incomplete ischemia induced by microembolization, Le Poncin-Lafitte et al. (16) have 
found that pretreatment with 100 mg/kg EGb 761 (p.o., daily) for three weeks 
prevents ATP loss. Also, after severe ischemia, EGb 761-treated animals have higher 
ATP, creatine phosphate, and glucose levels than ischemic controls (28). The increase 
in lactate observed during ischemia was also partly blocked (28), suggesting that EGb 
761 reduces utilization of anaerobic pathways. Furthermore, Spinnewyn (10) has 
shown that, in the presence of EGb 761, the mitochondria could more effectively use 
0 2 for ATP synthesis than the mitochondria of untreated ischemic animals. When 
discussing the effect of EGb 761 on energy metabolism, one has to keep in mind that 
EGb 761 enhances blood flow and thereby ameliorates brain perfusion and nutrition. 
Therefore, the effect of EGb 761 on energy metabolism could also be an indirect one. 

In conclusion, the ability of EGb 761 to preserve energy and to inhibit the 
increase of cerebral lactate concentration during and after ischemia is an important 
factor in neuronal survival following transient ischemia. 

Effects on the Adrenergic System. There is experimental evidence for a direct and 
indirect sympathomimetic action of EGb 761, as already described in the section 
Effects on Cerebral Blood Flow. Brunello et aL (29) showed that a single dose 
application of EGb 761 enhanced the release of noradrenaline in rat brain and that 
longer treatments for at least 27 days reduced the density of cerebral B-receptors as an 
adaptive mechanism. However, Petkov et aL (30) have found a decrease in 
noradrenaline level by EGb 761, especially in the rat hippocampus, and Taylor (31) did 
not find any change in 6-receptor density, even after a 28-day treatment with EGb 761 
(100 mg/kg, p.o.). Furthermore, an age-related decrease in hippocampal a2-receptors 
could be prevented by treatment with EGb 761 (32). Thus, the effect of EGb 761 on 
the noradrenaline level and on the density of adrenergic receptors in the brain needs 
further investigation. 

Effects on the Dopaminergic System. There are some indications that EGb 761 
influences the dopaminergic system. In a mouse model of N-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP^-induced toxicity on dopaminergic neurons, EGb 761 
inhibited the degeneration of the neurons in the striatum (33). The authors suggested 
that inhibition of the re-uptake of dopamine and MPTP + is the protective mechanism 
of action of EGb 761. Indeed, they found that the uptake of dopamine in the 
synaptosomes could be inhibited in vitro by high doses of EGb 761 (IC5o 637 pg/ml), 
and they related the effect to the flavonoid fraction. However, at doses of 100 mg/kg 
EGb 761, this effect could not be involved in the neuroprotection. No effect of EGb 
761 was found concerning the density of dopamine (D2) receptors (31). 

Effects on the Cholinergic System. It is well known that the density of acetylcholine 
receptors in rat hippocampus decreases with age. This decline could be blocked by 
pretreatment with EGb 761 (100 mg/kg, p.o., daily) for four weeks and was found 
only in older animals with decreased acetylcholine receptor densities, but not in 
younger rats (31). 
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Effects on the Serotoninergic System. Older rats show, in general, a decrease in 
serotonin (5-HT) levels and a reduced number of 5-HTi A receptors (33). The data of 
Petkov et aL (30) showed that an extract of ginkgo biloba, G K 501, increased 5-HT 
levels in nearly all rat brain structures, except for the pons, by treatment with 30 mg/kg 
G K 501 (p.o.) for 7 days. The authors performed their studies with old rats. In 
addition, it has been shown in synaptosomes from mouse cortex that EGb 761 could 
enhance 5-HT uptake and that the effect was related to the flavonoid fraction, 
especially to quercetin (34). 

Furthermore, Huguet et aL (35) have found that chronic treatment with 5 
mg/kg EGb 761 (Lp.) for 3 weeks reversed the age-related decrease in 5-HTi A 

receptor density. The authors suggest that the observed reverse effect on 5-HTi A 

receptors is due to the ability of EGb 761 to inhibit lipid peroxidation. They 
hypothesize that EGb 761 has a restorative effect on the age-related decrease in 
receptor density by modulating receptor synthesis and by inhibiting membrane 
destruction of cerebral neurons which are apparently modified with aging (36,37). 
They assumed that the effect of EGb 761, which also blocked the age-related decrease 
in acetylcholine- and a2-receptors, was a general effect, independent of the receptor 
type. Furthermore, the decrease in neuronal membrane fluidity with age was also 
found to be attenuated by EGb 761, but independently from the improvement in 
changes in passive avoidance learning in the aging mouse (38). 

Radical Scavenging Activity. Several studies suggest an interaction between EGb 
761 and free radicals. The free radicals are unstable products of oxygen metabolism, 
generated during the reperfusion phase after ischemic injury. They can rapidly interact 
with membrane unsaturated lipids, proteins or D N A They also disturb calcium 
homeostasis and lead to the disruption of normal cell metabolism (39). Free radicals 
play a role during the initial onset of ischemia, as well as in postishemic delayed 
neuronal death. In addition, the superoxide anion radical ( (V) inactivates NO and, 
thereby, inhibits postishemic vasodilatation. The hydroxyl radical (OH) inhibits the 
synthesis of prostacyclin, leading to vasoconstriction and to an increase in blood 
viscosity. The early studies of Pincemail and Deby (40) showed that the in vitro 
production of free radicals could be blocked by adding EGb 761 (0.125 - 0.5 mg/ml) 
to the reaction mixture. A detailed study revealed that the constituents ginkgolides A 
and B and bilobalide interact preferentially with superoxide anions, but the flavones 
also have a scavenging activity with a high affinity for hydroxyl radicals (41). One 
explanation for the failure of flavones to protect neurons in the experimental models of 
cerebral ischemia may be their inability to pass the blood-brain barrier. Although 
Moreau et aL (42) used a 14[C]-labelled flavone and have found accumulation of 
radioactivity in the brain, the authors did not show whether the intact flavone reached 
the extracellular fluid of the brain. 

PAF Antagonism. PAF (platelet activating factor) has been shown to play an 
important role during postishemic reperfusion. After ischemia, the activation of a 
C a 2 + dependent phospholipase A i /A 2 leads to an excess of lyso-PAF (the precursor of 
PAF) and a release of free fatty acids into the cytoplasm. PAF is thought to be 
involved in the regulation of blood pressure, anaphylaxis, and inflammation (43) and in 
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necrosis after ischemic injury (44). Interestingly, treatment with 50 mg/kg ginkgolide 
B (a dose which is able to reduce the percentage of damaged neurons in a rat model of 
transient focal ischemia) markedly reduced the release of free fatty acids and the 
production of diacylglycerol during and after ischemia (45). A direct antagonistic 
action of ginkgolide B on PAF receptors was also demonstrated, but at doses much 
higher than in the original extract (46,47). The potency of the ginkgolides to 
antagonize PAF was demonstrated by their ability to inhibit PAF-induced thrombocyte 
aggregation (46) and to inhibit the PAF-induced increase in intracellular calcium 
concentration (48,49). 

Antiapoptotic Activity. Recent studies have shown an antiapoptotic activity of EGb 
761 (50). Apoptosis (programmed cell death) was induced in primary olfactory 
neurons by olfactory nerve sectioning and was determined by measuring the thickness 
of the epithelium 2-3 days after axotomy and by quantification of 3 2P-end labelled 
genomic D N A as a hallmark of apoptosis. The reduction of epithelium thickness and 
the increase in D N A fragmentation was reversed in rats by a 10-day pretreatment with 
EGb 761 (50 mg/kg, p.o.) compared to the untreated control The neuroprotective 
effect in animals, with continued treatment, remained even 1-2 months after axotomy. 
The authors suggested the free radical scavenging properties of EGb 761 as the main 
mechanism of the antiapoptotic activity. However, nerve sectioning led to apoptosis 
because nerve cells lost contact and were deprived of growth factors from neighboring 
cells. This opens the possibility that induction of neurotrophic factors is involved in the 
apoptotic effect of EGb 761. In addition, it has yet to be clarified which constituents of 
EGb 761 mediate the antiapoptotic effect. 

Clinical Trials. Special extracts of the leaves of Ginkgo biloba (EGb 761 and LI 
1370) are licensed in Germany for the treatment of cerebral dysfunction with 
symptoms like difficulties in memory, dizziness, tinnitus, headaches, and emotional 
instability with anxiety. It is also used for supportive treatment of hearing loss due to 
cervical syndrome and/or peripheral arterial circulatory disturbances with intact 
circulatory reserve (intermittent claudication). 

More than forty clinical trials on treatment of cerebral insufficiency have been 
published; 10-12 of them are of good quality (51,52). Nearly all trials showed positive 
effects of the Ginkgo biloba extracts compared with placebo on the symptoms 
mentioned above. However, the number of studies to be considered becomes much 
smaller if one applies the most modern standards. These up-dated assessment criteria 
are the operationalized diagnosis of dementia, the inclusion of mild and moderate, but 
not severe, cases and demonstration of the statistically significant effects at three 
efficacy levels (psychopathological, psychometric, and behavioral). Only two studies 
with Ginkgo biloba extracts fulfill the methodological criteria of the advisory 
committees A and B3 of the German Federal Health Office (52). 

The most relevant study on the efficacy of EGb 761 in outpatients suffering 
from dementia of the Alzheimer type of multi-infarct dementia was recently published 
by Kanowski et aL (53). After a 4-week run-in period, 216 patients were included in 
the prospective, randomized, double-blind, placebo-controlled, multi-center study 
lasting for 24 weeks. The patients received a daily oral dose of 240 mg EGb 761 or 
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placebo. Clinical global impressions for psychological assessment, the Syndrom-
Kuntest for the assessment of the patient's attention and memory, and the Nurnberger 
Alters-Beobachtungsskala (NAB) for behavioral assessment of activities of daily life 
were chosen for evaluation. Clinical efficacy was assessed by means of a responder 
analysis. The study design fulfilled the methodological standards currently required for 
studies with nootropics (groups of neurotropics). Proof of efficacy was carried out by 
using validated measurement instruments. The results of the study suggests that EGb 
761 is of clinical efficacy in the treatment of outpatients with dementia. 

Thus, the efficacy of Ginkgo biloba has been demonstrated according to the 
strictest criteria: operationalized diagnosis of dementia, inclusion of mild-to-moderate 
cases, statistical proof of all three levels of efficacy, and global clinical evaluation. 

No serious adverse effects have been noted in any trial In rare cases, mild 
gastrointestinal complaints, headache, sleep disturbances, dizziness, and allergic skin 
reactions have been reported. Ginkgo biloba extracts seem to be well tolerated. 
Therefore, the data obtained so far show a clearly positive therapeutic risk-benefit 
relationship. 

Conclusion. From various in vitro and in vivo experiments, it may be concluded that 
constituents of Ginkgo biloba have neuroprotective properties. PAF antagonism, free 
radical scavenging, interaction with neurotransmitters, and even induction of growth 
factors may be discussed as putative mechanisms of action. Clinical studies suggest the 
extract of Ginkgo biloba leaves to be of clinical efficacy in the treatment of mild and 
moderate dementia. 
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Chapter 16 

Biochemical, Pharmaceutical, and Medical Perspectives 
of Ginseng 

O. Sticher 

Department of Pharmacy, Swiss Federal Institute of Technology (ETH) Zurich, 
CH-8057 Zürich, Switzerland 

Ginseng, the root of Panax ginseng (Araliaceae), has been used in oriental 
medicine since ancient times as a stimulant, tonic, diuretic, and stomachic 
agent. In Europe, ginseng phytomedicines are used for a wide range of 
pharmacological activities. These preparations can increase physical and 
mental performance, as well as resistance to stress and disease and prevent 
exhaustion. An update is given on the chemistry, biological effects, 
molecular mechanisms, and possible therapeutic uses, as well as on quality 
control, of Panax ginseng and of phytomedicines based on root extracts of 
this plant. Special emphasis is placed on the structures of the 
ginsenosides—monodesmosidic and bisdesmosidic saponins—which are 
considered to be the main active compounds, as well as on their 
quantitative determination in ginseng roots and phytomedicines. 

Ginseng, the root of Panax ginseng C A . Meyer, has been used in traditional medicine 
in Asian countries since ancient times as a stimulant, tonic, diuretic, and stomachic 
agent. In Europe, ginseng preparations are among the leading phytomedicines. They 
are drugs of die OTC market and are used for a wide range of pharmacological 
activities, including improvement of physical and mental performance, better resistance 
to stress and disease, as well as prevention of exhaustion. The annual retail sales in 
1994 (Figure 1) were approximately 73 million DEM (approximately $ 50 million). Of 
this market, 49% is in Germany, followed by Spain (14%), France (13%), and 
Switzerland (11%) (7). 

Panax Species 

During the Han dynasty (206 BC-24 AD), a medical text was written about a plant of 
the Araliaceae family called sheng. Later, this plant was known as "Jen Sheng, the root 
of heaven" and "ginseng" has been the subject of writings and research in almost every 
country of the world. In 1883, the genus Panax was added to its name, "pan" meaning 
all and "axos" meaning cure - the word "jen-sheng" or "ginseng" means man-herb 
because of its man-shaped root. Since the word Panax ginseng virtually means "the all-
healing man-herb" it is little wonder that it has been regarded as something of a panacea 
- particularly in the East (2). 

©1998 American Chemical Society 221 
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Several Panax species other than ginseng occur in the Northern hemisphere, 
from the Eastern Himalayas onward through China and Japan to North America. They 
can be divided into two groups, depending on the shape of the underground parts. 
Group A contains carrot-like roots and group Β long, horizontal rhizomes (3) (Tables I 
and II). 

Table I. Panax Species: Group A 

Species Distribution Cultivation 

1. P. ginseng C . A . Meyer [Korean Ginseng] Korea, North Korea, China, 
eastern China, Japan 
Far eastern 
Siberia 

2. P. quinquefolium L . [American Ginseng] North America North America 
3. P. trifolius L . [Dwarf Ginseng] North America — 
4. P. notoginseng (Burk.) F . H . Chen [Sanchi Unclear Yunnan 

Ginseng] (China) 
5. P. pseudo-ginseng Wal l , subsp. pseudo-ginseng Eastern — 

Hara Himalayas 

Originally, P. ginseng C . A . Meyer or Korean ginseng grew in northeastern 
China, Korea, and far eastern Siberia, but now the wild plant is very rare. Today, 
almost all the ginseng roots on the market were cultivated in China, Korea, and Japan. 
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Table II. Panax Species: Group B 

Species Distribution Cultivation 

1. P. japonicus C.A. Meyer = P. pseudo-ginseng Japan, Southern — 
Wall. subsp. japonicus (Meyer) Hara China 
[Chikusetsu-ninjin (Japan); Zhujie-shen (China)] 

2. P. japonicus C.A. Meyer var. major (Burk.) C.Y. Southern China — 
Wu et K . M . Feng (= P. pseudo-ginseng Wall. 
var. major (Burk.) L i [Zu-tzi-shen (China)] 

3. P. zingiberensis C.Y. Wu et K . M . Feng Southern China — 
4. P. pseudo-ginseng Wall, subsp. himalaicus Hara Eastern — 

with var. angustifolius (Burk.) L i and var. Himalayas 
bipinnatifidus (Seem.) L i [Himalayan Ginseng] 

Some other congeners of ginseng are also used as medicines. American 
ginseng, the root of P. quinquefolium L. , which initially grew wild in the northeastern 
United States, is now cultivated for the export to the Hong Kong market. Chinese 
people use it in almost the same manner as Korean ginseng, but for slightly different 
purposes. Sanchi ginseng, the root of P. notoginseng (Burk.) F .H. Chen, is mainly 
cultivated in the Yunnan province in China and has been used in Chinese medicine for 
similar purposes as Korean ginseng. Japanese Chikusetsu ginseng is the rhizome of 
wild growing P. japonicus C.A. Meyer. It has been used as a medicine in Japan in 
place of Korean ginseng. P. pseudo-ginseng Wall, subsp. himalaicus Hara grows wild 
in Nepal and in the east Himalayan district. Some other species of Panax, such as P. 
japonicus C.A. Meyer var. major (Burk.) C.Y. Wu et K . M . Feng are also used partly 
in traditional medicine in China and Vietnam (4). 

There are several other Panax species not listed in Tables I and II; for example, 
P. japonicus C.A. Meyer var. stipuleanatus H.T. Tsai et K . M . Feng is found in 
southern China (3). Recently, a new species of the genus Panax was discovered, P. 
vietnamensis Ha et Grush., Vietnamese Ginseng, used as a secret medicinal plant in 
parts of Vietnam (5). In the following, only Korean or Panax ginseng will be discussed 
in detail. 

Botany 

Ginseng is an aromatic herb with a perennial short underground stem (rhizome) 
associated with a fleshy white root (Figure 2). The aerial part consists of a single stem 
about 30-60 cm high (in cultivation 60-70 cm) which dies annually. Ginseng plants 
begin to flower at the age of three or four years. A flowering plant may bear from 3 to 
6 palmately compound leaves, each with five leaflets, and with a peduncle terminated 
by a simple umbel at the center with 4 to 40 flowers according to the age of the plant 
and its growing conditions. Ginseng flowers in June or July. The fruit is pea-sized, 
green at first, and red at maturity, containing 2 or 3 white seeds. The root system of 
ginseng consists of the primary root and its branches, and of some adventitious roots 
developed from the rhizome (6). 
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Ginseng Plantations and Processing 

Due to continuous use over thousands of years, the natural supply of ginseng roots 
was exhausted a long time ago. Most of the ginseng preparations now available are 
derived from plants cultivated in Korea, China or Japan. Naturally growing ginseng 
can be found in the cool temperate zone in rich, damp, but not wet or muddy soil, 
prefering the shade of hardwood forests. In cultivation, good drainage and artificial 
shade must be provided. Ginseng is propagated from seeds. For this purpose, ripe 
fruits of 4 to 5 year-old plants are collected in September. In a nursery bed, horizontal 
drills, 4-6 cm apart, are made and 25-30 seeds are sowed in each drill and covered with 
soil (approximately 3 cm). Ginseng seeds require 18-20 months to germinate. 
Seedlings may be transplanted to permanent beds when they are one or two years old. 
Wind, rain, and direct sun are harmful to ginseng plants. Therefore, frames for 
artificial shade must be built up over the beds and the ground must be kept moist by 
watering. Ginseng is a root crop. Preventing the plants from flowering helps them to 
produce larger and better roots. It takes 4 to 6 years from seedling to harvest Ginseng 
is harvested between August and October, when the aerial portion turns yellow. 
Careful handling of the roots is very important The branching main roots are 8 to 20 
cm long and about 2 cm thick. The thin ends of main and secondary roots are 
traditionally removed so that the human form can be better brought into evidence (6). 

Fruits (berries, seeds) 

Leaves (in groups of 4 to 5) 

Stem 

Main root 

Lateral roots 

Root hairs 

Figure 2. The Ginseng Plant 
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Ginseng is processed as two forms, white ginseng and red ginseng. The former 
is the dried root, whose peripheral skin is frequendy peeled off, and the latter is the 
steamed root, showing a caramel-like color and resisting invasion of fungi and worms 
(4). In the European phytomedicines market, mainly white ginseng (including lateral 
roots and root hairs) is used as crude material, while in Asian traditional medicine red 
ginseng is preferred. 

Ginseng Monographs in European Pharmacopeias 

Ginseng is specified among others, in the German, Swiss, Austrian, and French 
pharmacopeias. The Swiss pharmacopeia demands a content of total ginsenosides, 
calculated as ginsenoside Rgi, which should be not less than 2.0%. According to the 
German pharmacopeia, the total ginsenoside content should be not less than 1.5%. 
Both pharmacopeias use for the quantification a spectrophotometric method. On the 
other hand, a draft for the European pharmacopeia demands the content of ginsenosides 
Rgl and Rbi to be not less than 0.2% based on an HPLC method. 

Constituents 

Since the beginning of this century, the constituents of the ginseng roots have been 
investigated, and a series of classes of compounds have been isolated, such as 
triterpene saponins, essential oil containing polyacetylenes and sesquiterpenes, 
polysaccharides, peptidoglycans, and nitrogen containing compounds, as well as 
various ubiquitous compounds like fatty acids, carbohydrates, phenolic compounds, 
and others (7). 

Ro 
Ral o 
Ra2 o 
Ra3 o 
Rbl o 
Rb2 o 
Rb3 o 
Q-Rl o 
Rsl o 
Rs2 o 
Rc o 
Rd o 
Re Q 
NG-R 0 
Rf o 
glc-R) o 
Rgl 0 
Rg2 o 
Rhl O 
* • o««o O o ° 

Ro Ra Rb2 Re Rf Rgl 
RblRc Rd Rg2 

Ro 
Ral o 
Ra2 o 
Ra3 o 
Rbl o 
Rb2 o 
Rb3 o 
Q-Rl o 
Rsl o 
Rs2 o 
Rc 0 
Rd o 
Re o 
NG-R1 o 
Rf o 
glc-Rf o 
Rgl O 
Rg2 o 
Rhl o 
* • 0 o O o o o « O o 

RoRaRbl RcRd ReRf Rgl 
Rb2 Rg2 

CHCl3-MeOH-H20 (14:6:1) BuOH-AcOEt-H20 (4:1:2, upper layer) 

Figure 3. Thin Layer Chromatograms of the Saponins of P. ginseng 
Roots ((3); Plate: Silica gel 100 F254 (Merck); * Crude saponin fraction of Panax 
ginseng roots) 
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The characteristic chemical constituents of ginseng, considered to contribute 
decisively to its pharmacological effects have been investigated extensively since 1955. 
They are triterpene saponins and named ginsenosides Rx according to their mobility on 
TLC plates: Their polarity decreases from index "a" to "h" (Figure 3). This property is, 
of course, a function of the number of monosaccharide residues in the sugar chain (8). 
Acid hydrolysis of the genuine glycosides originally yielded two aglycones, panaxadiol 
and panaxatriol, now known to be artifacts produced by the action of acid during the 
process of hydrolysis (4). Applying various chemical and spectroscopic methods, the 
genuine aglycones were found to be protopanaxadiol and protopanaxatriol both having 
a dammarane skeleton (J, 4). A tertiary hydroxyl group attached to C-20 participates in 
ring closure with a double bond in the side chain on acid treatment of protopanaxadiol 
and protopanaxatriol (Scheme 1). 

Glycosides Secondary aglycones 

G-Rbi,G-Rb 2 , Acidic hydrolysis 
G-Rb 3 , G-Rc, G-Rd Panaxadiol 

Protopanaxadiol (R = H) Panaxadiol (R = H) 
Protopanaxatriol (R = OH) Panaxatriol (R = OH) 

Scheme 1. Ginseng Sapogenins 

So far, 31 ginsenosides have been isolated from the roots of white and red 
ginseng (3, 4y 9-15). They may be divided into three groups depending on their 
aglycones: protopanaxadiol- and protopanaxatriol-type ginsenosides, and oleanolic 
acid-type saponins (Schemes 2-4). 
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Ginsenoside R 

Rb x 

Rb 2 

Rc 
Rd 
mRbi 
mRb 2 

raRc 

-GkT-Glc 
-Glc 2 -Glc 
-Glc 2 -Glc 
-Glc 2 -Glc 
-Glc 2 -G lc 6 -Ma 
-Glc 2 -G lc 6 -Ma 
-Glc 2 -G lc 6 -Ma 

-Glc°-Glc 
-Glc6-Ara(p) 
-Glc6-Ara(f) 
-Glc 
-Glc 6 -Glc 
-Glc6-Ara(p) 
-Glc6-Ara(f) 

• Other diols are: Ra x , Ra 2 , Ra 3 , 
Rb 3 , Rg 3 , Rh 2 , R S l , Rs 2 , Q-Rh^ 
NG-R 4 , mRd 

• 20 (S), except R g 3 = 20 (S+R) 
• Rh 2 , Rs 2 and N G - R 4 occur 

only in red ginseng 

Scheme 2. Ginseng Saponins of 20 (5) and 20 (R) Protopanaxadiol 

Al l dammarane ginsenosides isolated from ginseng root (white ginseng) are 
derivatives of 20 (5) protopanaxadiol and 20 (S) protopanaxatriol, with the exceptions 
of ginsenoside R g 3 (= 20 (/?)) (9, 76), RI14 (75), and koryoginsenoside R 2 (72). 
According to Shibata et. al. (4), R g 3 might be an artifact, since all other ginsenosides 
possess 20 (S) configuration. RI14 has an additional double bond between C-20 and 22 
in the side chain instead of a 20-OH group. The compound is related e.g. to 
ginsenoside F4, isolated from ginseng leaves (77). In koryoginsenoside R 2 the double 
bond is between C-22 and 23 instead of 24(25). Almost all the ginsenosides isolated 
from white ginseng are also found in red ginseng. However, some of the ginsenosides, 
such as 20 (R) ginsenoside Rg 2 ,20 (R) ginsenoside Rhi , ginsenosides Rh 2 , Rs i , Rs 2 , 
Q-Rl , and N G - R i , are characteristic saponins for red ginseng. The 20 (/?) compounds 
are considered to be degradation products formed by heating and hydrolysis during the 
steaming process (4t 7). Therefore, the natural occurrence of either 20 (/?) and 20 (S) 
ginsenoside R g 3 needs to be verified. From recently published HPLC investigations, it 
is unclear if both occur in white and red ginseng (75) or only in red ginseng {14). 
Ginsenoside Ro is a minor compound and is the only oleanolic-type saponin identified 
in the root of P. ginseng (Scheme 4). 
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Ginsenoside I*! R 2 

Re -Glc 2-Rha -Glc 
Rf -Glc 2 -Glc -H 
glc-Rf -Glc 2 -Glc -Glc 
Rg! -Glc -Glc 
R g 2 -Glc 2-Rha -H 
Rhi -Glc -H 
NG-Rj - G l c 2 - X y l -Glc 

20 (S), except Rg 2 and Rh t = 20 (5+/?). 
Rg 2 (/?) and Rhj (R) may be produced 
during production process. They are 
characteristic for red ginseng 

Scheme 3. Ginseng Saponins of 20 (S) and 20 (R) Protopanaxatriol 

28 COOR 9 

Ginsenoside R i R 2 

Ro -GlcUA 2 -Glc -Glc 

Scheme 4. Ginseng Saponin of Oleanolic Acid 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

01
6

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



229 

Pharmacological Effects of Ginseng 

Overviews of the pharmacological effects of ginseng extracts and preparations, as well 
as of ginsenoside-, polyacetylene- and polysaccharide fractions, of single ginsenosides 
and polyacetylenes, have been presented by several authors (e.g., 3-4, 7,18-20). 

Reviewing the literature, the main activities of ginseng can be summarized as 
follows (7): general tonic, effects on immunological functions, effect on the 
cardiovascular system, effect on lipid metabolism, effect on alcohol metabolism, 
hypoglycemic activity, stimulating effect on pituitary-adrenocortical system, and 
antitumor activity. From earlier publications, only the main activities of ginsenosides 
Rgl and Rbi shall be mentioned here. Rgi stimulates the central nervous system and 
enhances protein, D N A and RNA synthesis, while Rbi has tranquillizing effects on the 
central nervous system and improves memory (for references see (7)). 

Some recently published effects are antiplatelet activity (various ginsenosides— 
such as Ro, Rg i , and Rg2— and polyacetylenes (21-23), antioxidant activity (Rgi, 
Rbi) (24-25), antitumor activity (polyacetylens, polysaccharides, Rg3, Rh 2) (26-30), 
cytoprotective activity (polysaccharides) (31), inhibition of calcium channels (Rf) (32), 
immunomodulatory activity (Rgi, polysaccharides) (33-39), neuroprotection 
(ginsenosides, Rbi) (40), and others. From recent publications about ginseng 
activities, inhibition of platelet aggregation, radical promotion, vasorelaxation, oxygen 
scavenging, lipid peroxidation, antioxidant, and neuroprotection are especially worth 
mentioning and have been briefly summarized as "anti-aging activity". Combined with 
the inhibitory effect on the proliferation of cancer cells and the effects on the immune 
system, the use of ginseng by east Asians to promote longevity is at least partially 
explained. Since, in general, the experimentally shown effects are observed in their 
totality only in the whole extract (e.g. 41-46), no single constitutents are used 
individually as monopreparations. All commercially available products are extract 
preparations. 

Based on the described activities, as well as on the traditional use in the Orient, 
ginseng preparations are mainly used as general tonics and geriatric remedies to 
regulate catabolic and anabolic processes of cellular metabolism, to increase the 
capacity of the organism to adapt to mental and physical stress, as well as to increase 
concentration and attention. 

Only recently, was the role of compounds other than the ginsenosides 
demonstrated for of the ginseng extraxt From die isolated polyacetylenes (22-23, 26-
29, 47), mainly panaxytriol, panaxynol, and panaxydol show cytotoxic, antiplatelet 
and anti-inflammatory effects (Scheme 5). 

In the case of the polysaccharides, the panaxans A - U (48-53), which are 
peptidoglycans, are responsible for the hypoglycemic activity of ginseng. The 
ginsenans PA, PB, S-IA, S-IIA and some other polysaccharides (35-37) show 
immunological activities, such as recticuloendothelial system (RES) potentiation, anti-
complement effects, and alkaline phosphatase-inducing activity (37, 54 and references 
cited therein). Various polysaccharides show cytoprotective activity (anti-ulcerogenic 
effects, treatment of gastroenteric diseases) and antitumor activity. The structures of the 
isolated polysaccharides are only partially known. Ginsenan PA, e.g., has a backbone 
chain mainly consisting of (J-l,3-linked D-galactose (35). 
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• Cytotoxic activity: 
e.g. Panaxytriol, 
panaxynol, panaxy-
dol 

• Antiplatelet activity: 
Panaxynol 

• Anti-inflammatory 
activity: 
Panaxynol 

Scheme 5. Polyacetylenes from Ginseng Roots 

Pharmacokinetics and Metabolism of Ginsenosides 

Until recently, little was known about the absorption, distribution, excretion and 
metabolism of ginseng saponins. In the last decade various investigations dealing with 
the pharmacokinetics and the metabolism of ginsenosides were published. Results were 
presented, e.g., on ginsenosides Rgi , Rbi , Rb 2 , Re, and R h 2 . From these studies it 
can be concluded that the decomposition modes are different for protopanaxadiol and 
protopanaxatriol saponins. 

As can be seen in Scheme 6, ginsenoside Rgi (protopanaxatriol-type) showed 
an extremely short half-life of 27 min after intravenous administration into minipigs. In 
contrast to Rgi, the protopanaxadiol-type ginsenoside Rbi showed a half-life in the p-
phase of 16 h. These results correlated with the pharmacokinetic results in rats and in 
rabbits. The high persistence of Rbi in serum and tissues was assumed to result from a 
high degree of plasma protein binding (7, 55-57). 

Rgl was rapidly absorbed after oral administration (approximately 30% after 
one hour). The concentration of Rgi and metabolites was found to be high in blood, 
liver, bile, subcutis and conjunctiva, and epithelia of the oral cavity, oesophagus, and 
nasal cavity; whereas, the concentration was low in muscle and endocrine organs, and 
very low in the brain. Rgi was also rapidly metabolized. Intact Rgi was excreted in 
mouse urine and feces in very low amounts, while the concentration of metabolites was 
high. A total of five metabolites could be detected. Two of them were ginsenoside Rhi 
and 25-OH-Rhi (Scheme 7) (7, 58-59). 

A different approach was chosen for ginsenoside Rh 2 . Hie metabolism of R h 2 

was studied using intact cells (Scheme 8). In a medium containing 2% fetal calf serum 
and B16 melanoma cells, the uptake reached a maximum after 3-6 h (60). R h 2 was 
deglycosylated to protopanaxadiol. Both, ginsenoside R h 2 and protopanaxadiol were 
shown to inhibit the growth of B16 melanoma cells. 
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Half-life of protopanaxadiol-type and protopanaxatriol-type ginsenosides in serum 

Ginsenoside 
Rat 

Animal 

Rabbit Minipig 

Rb! 
Rb 2 

Rgl 

14.5 h 

6.3 min 
8h 
69.5 min 

16 h 

27 min 

Rbi = high degree 
of plasma 

protein binding 

Scheme 6. Pharmacokinetic Studies of Diol- and Triol-Type 
Ginsenosides 

HO' 

HO 

Rgx (oral administration) 

rapidly absorbed 
(30% after 1 h) 

- muscle 
- endocrine 

organs 

very low cone. 

- brain 

excretion in 
urin, faeces 25-OH Rhi 

O-Glc 

O-Glc Rgi = very low 
5 metabolites = high 

Scheme 7. Metabolism of Ginsenoside Rgi in Mice 
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Protopanaxadiol 

Medium: 2% fetal calf serum 
Cells: B16 melanoma and others 
Uptake: maximum after 3-6 h 

Ginsenoside Rh 2 and protopanaxadiol 
were shown to inhibit the growth of 

B16 melanoma cells 

Scheme 8. Metabolism of Ginsenoside Rh 2 by Intact Cells 

Qualitative and Quantitative Analysis of Ginsenosides 

In the last two decades, many attempts have been made to identify and quantify the 
ginsenosides in crude plant material as well as in commercial preparations. For the 
identification of ginsenosides the following methods have been used: thin layer 
chromatography (TLC) (67-62); high performance TLC (HPTLC) (61-63); TLC-
densitometry (61-62); overpressured-layer chromatography (OPLC) (64); secondary 
ionization mass spectrometry (SIMS)-linked scanning analysis (65); liquid 
chromatography/mass spectrometry (LC/MS) equipped with a frit-fast atom 
bombardment interface (FRIT-FAB) (66-67); electrospray ion source (68); 252-cf 
plasma desorption ionization technique (69); arbitrarily-primed polymerase chain 
reaction (AP-PCR) and randomly amplified polmorphic DNA fingerprinting (RAPD) 
(70-71); high-performance liquid chromatography (HPLC) in either isocratic or 
gradient mode using various stationary phases in combination with U V detection (63, 
72-78), RI detection (79-81), fluorescence detection (82-83), amperometric detection 
(84), or evaporative light scattering detection (ELSD) (85); HPLC and G L C of the 
aglycones protopanaxadiol and protopanaxatriol after acid or alkaline cleavage and 
derivatization (86); and micellar electrokinetic chromatography (MEKC) (87). 

For the quantification (partly also for identification) of ginsenosides the 
following methods have been used: colorimetry (88-90); droplet counter-current 
chromatography (DCCC)-spectrophotometry (97); TLC-densitometry (92-100); G L C 
after acid cleavage and derivatization (101-105) or after alkaline cleavage (106), 
determination of panaxadiol and panaxatriol by supercritical fluid chromatography 
(SFC) (107); radioimmunoassay (Rgi) (108); enzyme immunoassay (Rbi) (109); 
HPLC after derivatization of the ginsenosides with benzoyl chloride (770); and HPLC 
in either isocratic or gradient mode using either a normal phase silica gel column (777), 
an amino bonded column (111-113), a reversed-phase octadecylsilyl column (RP-
ODS) (13-14, 114-125), an octadecylsilyl porous glass column (MPG-ODS) (726-
727), a borate ion exchange column (777), a carbohydrate column (728), or a 
hydroxyapatite column (777). 
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Quality Control of Ginseng Phytomedicines 

Identification and quantitative determination of ginsenosides by HPLC, mainly using 
RP-ODS columns followed by U V detection, are now the favored methods, at least in 
quality control. In certain cases, especially for rapid identification of ginsenosides in 
plant material or for the determination in biological fluids, other methods, such as 
LC/MS or radioimmunoassay, are also preferable. 

In the case of ginseng analysis by HPLC, sample clean-up has long been a 
limiting factor. Both, solvent extraction and solid phase extraction methods have been 
used. Now, sample clean-up using Sep Pak cartridges from Waters (Milford, MA) 
seems to be the most suitable extract purification procedure. In principal, all the 
columns used for solid phase extraction have the same goal and are based on the 
selective elution of the compounds of interest Interfering compounds are washed 
through the columns or remain on the cartridge. 

Most of the HPLC approaches used today in quality control go back to a 
method developed in our laboratory in the seventies (115). We used RP-ODS columns 
and acetonitrile-water mixtures as mobile phase. Using acetonitrile-water (30:70), the 
six ginsenosides Rd, Rb 2 , Rc, Rb i , R g 2 and Rf, but not Rgi/Re could be separated 
and quantitatively determined. The separation of Rgi and Re was possible using the 
same solvent in a ratio 18:82 (Figure 4). 

20 10 0 min 

Column: pBondapak C18; 3.9 mm 
x 30 cm I.D.; eluent: acetonitrile-
water (18:82); flow rate: 4 ml/min; 
detection: U V 203 nm 

Rgl 
Re 

Rf 

Rg2 

Rd 
A 

/ \ 

Rb2 „ u 1 Rbi 
\\ ^ 
' i A 

I 

30 20 10 0 min 

Column: pBondapak C18; 3.9 mm 
x 30 cm I.D.; eluent: acetonitrile-
water (30:70); flow rate: 2 ml/min; 
detection: U V 203 nm 

Figure 4. HPLC Chromatograms of a Mixture of Pure Ginsenosides Re, 
Rgl (left chromatogram) and Rbi, Rb 2 , Rc, Rd, Re, Rf, Rgi, Rg 2 

(right chromatogram) (115) 

Later, an improved HPLC method, also developed in our laboratory, was 
presented on the occasion of a ginseng meeting in Hong Kong using a programmed 
elution technique and a photodiode array detection system (776). As can be seen from 
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Table HI, the analysis was performed using a Spherisorb ODS II C18 cartridge (3 pm; 
10 cm x 4 mm I.D.) The analysis started with 100% eluent A (acetonitrile 20%-water 
80%) and 0% eluent B (acetonitrile) under isocratic conditions. After 11 min, a linear 
rise was programmed until eluent A was 90% and eluent B 10%. After 22 min there 
was a linear rise until eluent A was 85% and eluent B 15%. Principially the same basic 
eluents as in the former isocratic analysis were used. However, the use of this 
programmed elution technique made it possible to separate all eight ginsenosides in 
asingle analytical run (Figure 5). In the meantime a series of papers were published 
using HPLC and other separation techniques but this method with slight modifications 
is still the method of choice in quality control of ginseng preparations. 

Table in. Ginseng Gradient (Eluent A: Acetonitrile 20%-Water 80%; Eluent B : 
Acetonitrile; Detection: U V 203 nm) (776) 

Time (min) Flow rate (ml) Eluent A EluentB Curve 

0 1 100 0 
11 1 100 0 isocratic 
12 1 90 10 linear rise 
22 1 90 10 isocratic 
23 85 15 linear rise 
50 1 85 15 isocratic 

HPLC separations, such as recently published by Samukawa et al. (14), enable 
the separation of additional ginsenosides. In this case 22 ginsenosides could be 
separated in a single run (Figure 6). Such methods are useful for the differentiation of, 
e.g., white from red ginseng and for the detection of degradation products, but for a 
quantitative determination they are not useful. As can be seen in this chromatogram 
malonyl ginsenosides occur only in white ginseng whereas red ginseng shows some 
additional peaks, such as peaks for Rhi , 20(/?) Rhi , 20(7?) Rg2, Q-Rl , Rsi , 20(5) and 
(*) Rg3-

Conclusions 

The chemical constituents of P. ginseng are known, and the available analytical 
methods satisfy the highest standards in quality control of ginseng preparations. Many 
studies are still being published, investigating the pharmacological effect of the total 
extract, and of single plant constituents, as well as the medical use of ginseng 
preparations. The metabolism of the chemical constituents of P. ginseng has also been 
investigated. Although much scientific work has been done in the field, there are still 
open questions regarding the active compounds, the relevance of the experimentally 
proven effects, and the therapeutic use of ginseng preparations. It is still unclear if root 
extracts of P. ginseng can be substituted by leaf extracts or possibly by extracts from 
other ginseng species which often contain similar active compounds. Ginseng 
preparations are mostly used as "general tonics" and "geriatric remedies", but it is very 
difficult to describe these fields in scientific terms and to present quantitative results. 
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In Asia, the general idea of the efficacy of ginseng is to restore Yang. Therefore 
ginseng preparations are probably used most successfully there. In Chinese medicine, 
the balance between Ying and Yang is essential for the physical and mental health. 
Chinese medicine uses a holistic approach to disease, taking into account different 
factors, while Western medicine diagnoses very analytically—for instance, establishing 
the cause of a disease as being of viral or bacterial or cancerous origin. 
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Chapter 17 

Hawthorn (Crataegus): Biological Activity and New 
Strategies for Quality Control 

O. Sticher1 and B. Meier2 

1Department of Pharmacy, Swiss Federal Institute of Technology (ETH) Zurich, 
CH-8057 Zürich, Switzerland 

2Zeller AG, Herbal Remedies, CH-8590 Romanshorn, Switzerland 

Hawthorn consists of the dried tips of the flower-bearing branches of 
Crataegus monogyna or Crataegus laevigata. Phytomedicines based on 
the extract of the crude drug are indicated for the treatment of N Y H A 
stage II heart failure patients. A survey of the botany, chemistry, 
pharmacology, and clinical uses, as well as of the quality control, of 
hawthorn and hawthorn-containing phytomedicines is given. Flavonoids 
and procyanidins are considered to be the main active compounds. Their 
structures, as well as their qualitative and quantitative determination in 
hawthorn and hawthorn-containing phytomedicines are presented. 
Research work on quality control and standardization conducted in the 
laboratories at ETH is discussed in detail. 

Hawthorn is one of the most popular herbal drugs in central Europe. In Germany as 
well as in Switzerland there is a large number of phytomedicines based on the extract 
of hawthorn on the market. Older products are combinations, often with sedative 
herbal drugs. Modern preparations use hawthorn as a monodrug for the treatment of 
declining cardiac performance equivalent to stage II of the N Y H A (New York Heart 
Association) classification, first proposed by the German Commi ssion E. This mono
graph will be supplemented in the near future by a monograph of more international 
relevance edited by ESCOP (European Scientific Cooperation of Phytotherapie). The 
indications for hawthorn are similar in both monographs. The pharmacological profile 
of hawthorn is very promising. Several biochemical pathways are influenced by 
hawthorn extracts and no toxicological effects have been observed so far. 

Compared to the well-documented pharmacological and clinical properties, 
quality control and standardization of hawthorn have been on a low level. The 
insufficient photometric method of D A B 10 has been used mainly for standardization. 
Meanwhile, more specific methods, especially for flavonoids have been established 
and will be discussed in this paper with the objective to adapt the level of the 

©1998 American Chemical Society 241 
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pharmaceutical quality of hawthorn preparations to the level of other popular herbal 
drugs like ginseng, ginkgo, St. John's wort and garlic. 

Botany 

The genus Crataegus (hawthorn; syn.: hawthorne, hedge thorn, may thorn, white 
thorn or whiterthorn) is classified in the tribe Crataegeae, subfamily Maloideae, of the 
Rosaceae family. It comprises about 150 to 1200 species, depending on the species 
concept and represents not only the largest but also a taxonomically difficult genus 
within the Maloideae. About 50 to 100 species occur in temperate areas of the Old 
World. The various species of Crataegus are shrubs of medium size or little trees with 
hard wood and thorny branches, bearing abundantly white flowers in May and 
revealing large numbers of red fruits in late summer. Due to numerous subspecies and 
hybridization it is difficult to classify them systematically. Some criteria for 
classification are the formation of the flowers, the shape of the leaves and how they 
are covered with hairs (7,2). 

In phytotherapy, two species are of importance: Crataegus monogyna Jacquin 
and Crataegus laevigata (Poiret) De Candolle (syn.: Crataegus oxyacantha L.p.p. 
duct). In 1753, Linne classified both species as C. oxyacantha L. , but subsequently 
they were subdivided by Jacquin by the end of the 18th century into C. oxyacantha L . 
(nowadays C. laevigata) and C. monogyna Jacq. (3). 

C. monogyna, widely distributed in Europe, Asia and North Africa, grows in 
sites with high light intensity such as hedges and fences, as well as gardens and parks. 
Although it prospers on all kinds of soil, it prefers chalky, loamy soils. The leaves are 
laciniate, often 5- to 7-lobed and have a relatively dull surface (Figure 1). The flowers 
bear one style, and the fruits have one pit. The leaves of C. laevigata are shallowly 3-
lobed or almost entire and have a very shiny surface. The flowers yield two styles, 
and the fruit has 2-3 pits. C. laevigata is spread throughout Europe and America, 
where it is also partially cultivated. It grows predominantly on dry soils, in hedges 
and, due to its tolerance of shade, also in continuous forests. C. laevigata begins to 
flower a week or two earlier than C. monogyna, and the evil-smelling scent of its 
flowers is much more distinct than the scent of C. monogyna (2, 4-6). 

Hawthorn Monographs in European Pharmacopeias 

The herbal drug "Crataegi folium cum flore" (Hawthorn leaves with flowers) is 
specified for example, in the German, Swiss and French pharmacopeias (DAB 10, Ph. 
Helv. VII, Ph. Fran?. X). A monograph "Hawthorn Leaf with Flower" is in 
preparation for the European pharmacopeia (Ph. Eur. 3). Besides C. monogyna and C. 
laevigata, three other species are admitted in D A B 10: C. pentagyna Waldstein et 
Kitaibel ex Willdenow, C. nigra Waldstein et Kitaibel, and C. azarolus L . Due to their 
different TLC fingerprints, they are not listed in Ph. Helv. VII, Ph. Fran?. 10, or in the 
draft of Ph. Eur. 3. The fruits and flowers of hawthorn are used therapeutically as 
well. The fruits are included in the German Pharmacon Codex (DAC 86) and drafted 
for Ph. Eur., the flowers are specified in Ph. Fran?. X . 
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Figure 1. Leave shapes of C. monogyna (A) and C. laevigata (B) according to 
Byatt (7) and El-Gazzar (7). 
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Constituents of Hawthorn 

Since the beginning of this century, the constituents of various Crataegus species and 
of different parts of the plant have been investigated in detail. A series of classes of 
compounds have been detected, such as flavonoids, procyanidins, catechins, triter-
penoid acids, aromatic carbonic acids, nitrogen containing compounds, as well as vari
ous ubiquitous compounds like fatty oil, fatty acids, essential oil, b-sitosterol, various 
sugars, sorbitol, vitamin B l , vitamin C, pectin, wax, carotenoids, chlorophyll, an 
anthocyan pigment, and oxalic acid. The pattern and content of constituents in plant 
material or extracts depend on various factors, such as the investigated species, the 
part of the plant, the date of collection, the soil, and the climate, as well as the solvent 
used for extraction. It is not surprising that varying or even contradictory results are 
reported in the literature (8 and references cited therein). The most comprehensive 
studies were carried out with polyphenolic compounds, such as flavonoids and 
procyanidins, which are considered to contribute decisively to the pharmacological 
effects of hawthorn. In this paper only these two classes of compounds will be 
discussed in detail. 

Flavonoids. Table I gives an overview of the main flavonoids isolated from various 
Crataegus species, representing a series of flavonol-O-glycosides, such as hyperoside, 
and flavone-C-glycosides, such as vitexin, vitexin-2H-0-rhamnoside, and acetylvitexin-
2"-0-rhamnoside. Further constituents have been isolated or detected, such as 
kaempferol, quercetin-3-O-rhamnogalactoside, spiraeoside and isoquercitroside, 
crataeside, 8-methoxy-kaempferol-3-0-glucoside, luteolin-7-O-glucoside, orientin, 
isoorientin, isovitexin-2M-0-rhamnoside, orientin-2"-0-rhamnoside, isoorientin-2"-0-
rhamnoside, schaftoside, isoschaftoside, neoschaftoside, neoisoschaftoside, vicenin-1, 
vicenin-2, vicenin-3, 8-methoxykaempferol-3-neohesperidoside, kaempferol-3-neo-
hesperidoside, and an eriodictyol-glycoside. The main flavonoids are hyperoside, vi-
texin-2"-0-rhamnoside, and acetylvitexin-2"-0-rhamnoside. A l l other constitutents are 
only found in minor concentrations or in trace amounts (8 and literature cited therein). 

Most of the chemical investigations of hawthorn were made with C. laevigata 
and C. monogyna. Hyperoside and spiraeoside occur predominantly in the flowers, 
whereas the leaves contain mainly vitexin-2"-0-rhamnoside and/or acetylvitexin-2"-0-
rhamnoside. Vitexin-2"-0-rhamnoside was observed as the main flavonoid in leaves of 
C. laevigata, while acetylvitexin-2"-0-rhamnoside prevails in leaves of C. monogyna. 
C. laevigata reveals only trace amounts of acetylvitexin-2"-0-rhamnoside. The 
flavonoid pattern of the other mentioned Crataegus species is similar but varies from 
species to species (8 and literature cited therein). 

Procyanidins. Procyanidins are the most common class of condensed proanthocyani-
dins. They consist of chains of catechin and/or epicatechin units linked by 4-»8 or 
4-»6 bonds. The acid-lability of this interflavan C-C bond gives rise to the release of 
catechin or epicatechin and cyanidin, hence the name procyanidins. The flavan-3-ol 
skeleton has two centers of asymmetry, C-2 and C-3. From these arise pairs of 
monomelic diastereoisomers and a large number of possible configurations of the 
dimeric and oligomeric procyanidins. The absolute configuration of the monomers are 
usually 2R in all cases and 35 for (+)-catechin and 3R for (-)epicatechin. 
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Table L Main Flavonoids of Hawthorn Leaves witlh Flowers 

R4 

OH O 

Compound R l * R 2

a R 3

a R4 

Quercetin O H H H O H 
Hyperoside O-gal H H O H 
Rutin O-rut H H O H 
Vitexin H H gfc H 
Isovitexin H glc H H 
Vitexin-2"-0-rhamnoside H H glc-rha H 
Acetylvitexin-2"-0-rhamnoside H glorha- H 

acetyl 

a glc = p-D-glucosyl 
rut = rutinose (a-L-rhamnosyl-l--»6-P-D-glucosyl) 
gal = P-D-galactosyl 
rha = a-L-rhamnosyl 

From the investigations of more than fifty plant species, it is known that one 
of the two diastereoisomeric flavan-3-ols, catechin or epicatechin, often clearly 
predominates in the plant, and, occasionally, the other isomer does not appear. As a 
consequence, the majority of the dimeric, oligomeric and polymeric procyanidins 
consist only of the corresponding monomer. When epicatechin predominates, the co
occurrence of the procyanidin dimers B-2 and B-5 and the trimer C - l is the most 
frequently recognized pattern of procyanidins. This pattern was also found in 
hawthorn leaves and fruits. Beside catechin and epicatechin, the dimeric procyanidins 
B - l , B-2, B-4, B-5, the trimer C - l , and the tetramer D - l were isolated from the leaves 
and fruits of Crataegus species. The content of procyanidins in the leaves varies from 
species to species and also during the vegetation period, revealing the highest 
concentration in late summer (8 and literature cited therein). 
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OH OH 

OH 

4,6-all-2,3-cis-Procyanidin (B-5) 

Pharmacological Effects and Therapeutical Use 

Overviews of the pharmacological effects of Crataegus extracts, as well as of the 
flavonoid and procyanidin fractions, have been published by several authors (e.g. 8-
77). For specific literature see Rehwald (8). 

Dioscorides first mentioned the curative effect of hawthorn. Since the 14th 
century hawthorn was described in several herbal textbooks, but not as a cardioactive 
medicinal plant. The contemporary use of hawthorn for cardiovascular diseases 
started only in the second half of the this century. Due to its reliable action, its good 
success in therapy, and lack of side effects, Crataegus has obtained a proper place in 
phytotherapy and is firmly established in traditional and conventional medicine, in 
self-medication as well as in medicinal practises. In the German "Rote Liste 1994", 33 
preparations containing only hawthorn extracts are listed, and the Swiss "Codex 
Galenica 1992" includes 11 mono- and about 25 multipreparations of Crataegus. 

There is no final agreement concerning the question which constituents contribute 
to the well-known therapeutic effect of hawthorn preparations. During the past few 
decades, all classes of constituents were once regarded as principally responsible, and 
a series of pharmacological activities were demonstrated in numerous studies, either 
for extracts or for isolated fractions and pure compounds. The first attempt to find 
the active principle of hawthorn was made in 1927. Crataegic acid showed a 
cardiotonic effect and was, therefore, regarded as responsible for the pharmacological 
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activity. Later it was shown that crataegic acid, a mixture of triterpenoid acids, 
produced dilatation of the coronary vessels, accompanied by a fall of the blood 
pressure. These findings could not be confirmed by other investigators. 

It was shown in 1953 that aqueous and alcoholic preparations of Crataegus could 
lower blood pressure and induce muscle relaxation, suggesting the presence of choline-
like compounds. In fact, choline and acetylcholine were detected, but these 
compounds are not characteristic for Crataegus and their content in the plant is too 
small to support them as the active constituents. The amines isolated from Crataegus 
caused hypertension and showed a positive inotropic activity in vitro on the guinea 
pig papillary muscle. But taken orally, which is the most common way of 
administration, the amine fraction of Crataegus cannot be responsible for the 
pharmacological effects due to rapid degradation by monoamine oxidases. Various 
authors claimed that the pharmacological effect of Crataegus is mainly based on a 
heptahydroxyflavan glycoside or a phlobaphene, respectively. 

The classes of constituents discussed so far could not verify adequately their 
contribution to the therapeutic effect of hawthorn. Numerous studies and experiments 
have shown that flavonoids and procyanidins contribute significantly to the cardiac 
effect of hawthorn preparations, and that other constituents are probably only 
playing a supporting role. One of the main effects of Crataegus is the enhancement of 
the coronary blood flow and myocardial perfusion. Administration of hawthorn 
extracts to dogs showed the effect to be dose-dependent. Additional studies assigned 
the activity to the oligomeric procyanidins fraction. Other authors also found an 
increase in the coronary blood flow in rats and rabbits and concluded that the activity 
of Crataegus extracts is not due to a single group of constituents, (flavonoids), but to 
the interaction between different groups of compounds. The mechanism of action is 
discussed as to be based on an inhibition of 3',5'-cyclic adenosine monophosphate 
phosphodiesterase. Computer-assisted model analysis showed that the Crataegus 
constituents catechin, vitexin and kaempferol exhibit similarities with the molecular 
structures of known phosphodiesterase inhibitors. 

An improvement of the cardiac muscle contractility (positive inotropic effect) 
was shown in various animal models. This effect was obtained by the flavonoid and 
procyanidin fraction, but with different dose-response-curves. On the basis of 
computer-assisted model analysis, it was demonstrated that ursolic acid can interact 
with the digitaloid binding site for Na + /K + -ATPase. In addition, Crataegus exhibits a 
mild hypotensive effect. A reduction of the blood pressure in various animals was 
observed. A hypotensive effect in humans has also been reported. The mechanism of 
action is supposed to be an inhibition of angiotensin converting enzyme, as 
demonstrated for procyanidins. Furthermore, Crataegus showed an antiarrhytmic 
activity in rabbits and revealed a protective action in experimental arrhythmias in rats 
and rabbits. Also, an anti-ischaemic effect of Crataegus in animal models has been 
reported. 

Apart from the cardiovascular effects, Crataegus shows activity on the central 
nervous system. A mild but significant sedative effect due to depressive action on the 
central nervous system was demonstrated in mice. A clear sedative effect indicating 
direct influence on the central nervous system was also shown in cats by the fraction 
of oligomeric procyanidins. A decrease of the body temperature and of the 
spontaneous activity, as well as a prolongation of the pentobarbital-induced sleep in 
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mice, were found. Recently, antioxidant activities of different extracts from C 
monogyna and of a series of constituents of hawthorn were reported. A good 
correlation between antioxidant activity and content of total phenolics, which 
indicated additive effects between the different classes of compounds, were found. 

The activity profile, as well as the main indications for hawthorn preparations, 
can be summarized as shown in Table n. 

Table EL Profile of Activity and Main Indications for Hawthorn Preparations 

Profile of activitv 
- Weak positive inotropic, positive chronotropic and negative bathmotropic effects 
- Increase of the coronary and myocardial circulation 
- Vasodilatation in the peripheral arterial area 

Indications 
- Chrome heart failure defined as N Y H A functional class II 
- Deficiency of the coronary blood supply 
- Mi ld forms of arrhythmias 

Hawthorn shows important advantages compared with conventional inotropic 
substances, such as beta-agonists and cardiac glycosides. The effects achieved with 
hawthorn extracts (e.g. positive inotropic effect on the contraction amplitude) were 
more economic for the cell's energy pool due to only a moderate increase in oxygen 
consumption for both the contractile and the ionic processes. In contrast to cardiac 
glycosides, no toxic effects have been observed (72). 

Recent Clinical Studies 

For the evaluation of effectiveness and safety, controlled clinical studies are the 
method of choice. Although clinical studies with drugs of plant origin can impose 
some problems, several well-documented papers have been published within the last 
15 years (1981-1994). Reviews on clinical trials have been published by Tauchert et 
al (13) and by von Eiff (14). 

The multifactorial activity of hawthorn (combined with the herb of passion 
flower, a drug with similar flavonoid pattern as hawthorn) has been shown by von 
Eiff etal (75). Various parameters making the function of the heart easier have been 
influenced in a positive sense. In a randomized, double-blind, placebo-controlled, 
parallel study, in which patients were stratified according to physical performance, 
they received either hawthorn/passion flower extract or placebo. Exercise capacity and 
improvement in symptoms were evaluated in a total of 40 patients aged 53 to 86 
years, with dyspnoea commensurate with an N Y H A functional class II. Over a 6 
week trial period, the patients received oral drops three times daily (2 ml of the 
preparation, equivalent to a daily dose of 1.56 g Crataegi folium cum flore, containing 
15 mg of flavone-C-glycosides calculated as vitexin-2"-0-rhamnoside and 28 mg total 
procyandines, calculated as cyanidol). A 6-minute walking test and bicycle ergometer 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

01
7

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



249 

test were conducted to assess changes in exercise capacity. Biood lactate levels, heart 
rate and blood pressure were also measured during exercise. Also recorded were 
improvements in symptoms, particularly dyspnoea, and changes in urine and blood 
biochemical parameters. 

The results showed that exercise capacity, measured in terms of a walking test, 
increased significantly in those patients receiving the hawthorn/passion flower extract 
(p < 0.05, two-tailed test). Maximum exercise capacity measured during a bicycle 
ergometer test increased by about 10% over the baseline in both groups, but changes 
between groups did not differ significantly. The subjective symptom, breathlessness, 
improved in both the extract and placebo groups by approximately 40% and 30%, 
respectively. Physical performance capacity at the aerobic transition threshold of 2 
mmol lactate/1 blood increased by 6.5% in the group receiving the extract, while it fell 
by 4.4% in the placebo group. This difference was, however, not statistically 
significant (p > 0.05). In the group receiving the extract there was a slight but 
significant fall in heart rate at rest and in mean diastolic blood pressure during exercise 
(p < 0.05, two-tailed test). There was a significant decrease in total plasma cholesterol 
levels in the group receiving the extract in comparison with the placebo group (p < 
0.01, two-tailed test). 

Positive results in the ergometer test system are dose dependent. A dose of 600 
mg of extract (about 2 times more compared with the dosage of 1 56 g of the drug used 
by von Eiff etal. (75)) showed a significant effect in a study with 78 N Y H A stage II 
heart failure patients {IS). Adose of 900 mg of hawthorn extract has been compared 
with an adequate low dosage of captopril. None of the target parameters (ergometry, 
pressure-rate-product, score for five typical symptoms) showed any significant 
differences between the hawthorn preparation and the reference drug. 132 N Y H A 
stage II heart failure patients have been included in this multicentered double-blind 
study (77). 

Previous Analytical Work with Crataegus 

Flavonoids. For the qualitative analysis (identity and purity control) of Crataegus 
plant material or Crataegus preparations, two methods are used: Thin-layer 
chromatography (TLC) on silica gd or reversed-phase sorbente; and reversed-phase 
high-performance liquid chromatography (HPLC) fingerprint analysis. Both identify 
the flavonoid pattern and allow a fast and reliable identity and purity control. For 
identity control, TLC fingerprint analysis is probably the most wide-spread and most 
accepted method besides macroscopic and microscopic examination. It is found in 
pharmacopeias and other official monographs (Ph. Helv. VII, D A B 10, Ph. Fran?. 10, 
D A C 86). TLC usually reveals sufficient information about the sample, but, 
nevertheless, reversed-phase HPLC fingerprint methods were developed as efficient 
completion to the TLC identity control (18-24). Usually, they are carried out on C-l8 
columns with mobile phases based on acetonitrile, water, and acetic acid, using 
isocratic or gradient elution. 

Apart from checking identity and purity, quality control requires a quantitative 
determination of the active compounds or lead compounds. The usual method for the 
determination of flavonoids in Crataegus comprises the spectrophotometric analysis 
of a hydrolyzed extract after addition of aluminium chloride (e.g D A B 10, D A C 86) 
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(Figure 2 ) . This method goes back to Christ and Muller (25) and was applied until 
recently to nearly all flavonoid-containing herbal drugs. Glasl and Becker (26) demon
strated that the absorption of the analyzed solution is caused by colored pigments 
such as chlorophyll, carotenoids, and xanthophylls. These interferences, which occur 
especially in herbal drugs consisting of leaves, can be removed by extraction with 
hexane, though with a considerable loss of flavonoids ( 2 7 ) . For plants with a high 
content of C-glycosides, such as Crataegus, this spectrophotometric method is still 
not suitable, because C-glycosides can not be hydrolyzed by acid and, therefore, are 
not extracted with ethyl acetate and not determined. By means of an HPLC 
fingerprint chromatogram (see later), it was shown in our laboratory that all the 
vitexin derivatives remain to a large extent in the aqueous solution which is discarded. 
This confirmed the previous results (20, 28). The wavelength of 4 2 5 nm is not the 
absorption maximum of the vitexin derivatives that have partially passed into the 
ethyl acetate. Since this method comprises only the flavonol-O-glycosides and not the 
flavone-C-glycosides, it is not accurate and yields unsatisfactory results. 

Today, the method of choice for quantitative analysis of flavonoids is reversed-
phase HPLC. Several HPLC methods for the quantitative determination of flavonoids 
in Crataegus are described (18, 20, 21-23, 30-32). They mostly consist of a quanti
fication of individual or total flavonoids in a fingerprint chromatogram by means of 
external or internal standards. Until recently, Ph. Fran?. 10 was the only 
pharmacopeia that used a reversed-phase HPLC method. Based on our work (see 
later), the Swiss (Ph. Helv. VII, supplement 1996) and the European (Ph. Eur. 3, 
draft) pharmacopeias also now contain a quantitative HPLC determination of 
flavonoids. 

Procyanidins. A wide variety of analytical methods for procyanidins is currently 
being used. They have been the subject of numerous reviews (33-39). Qualitative 
analyses are often carried out using TLC on silica gel (37, 40-41). HPLC on reversed-
phase material offers better separation and is a commonly applied method for 
qualitative analysis of procyanidins (for examples, see 42-45), but, nevertheless, the 
reported chromatograms lack a selective baseline separation and reveal remarkable 
matrix effects. 

Quantitative analysis of procyanidins has several problems. Quantitative 
determination by HPLC is difficult because often the separation of the complex 
mixture is not sufficient for quantification, and/or reference standards for external 
standardization or calculation factors are not available. If a quantitative determination 
by HPLC is not feasible, a spectrophotometric analysis after a color reaction is 
possible (Figure 3). The reagents used are the non-specific Folin-Denis reagent, 
vanillin or p-dimethylaminocinnamaldehyde (37, 46-47). Owing to a certain speci
ficity, the acid butanol method is generally the best assay. It is based on the release of 
cyanidin by heating with mineral acid in butanol. This method, originally published by 
Swain and Hillis (48), was made popular by Bate-Smith (49) and improved by Porter 
et al. (50). It is now proposed in Ph. Eur. 3 for hawthorn berries (draft). 

The main problem with the spectrophotometric methods is that they suffer from 
lack of reproducibility. The color-generating reactions seem to not be quantitative. 
The reaction mechanisms and variables are not really known. It has to be kept in mind 
that the methods mentioned above are all conventional methods representing a 
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Figure 2. Spectrophotometric flavonoid assay according to D / l B 10. The alumi
nium chelate complex of the flavonoid aglycones is determined after hydrolysis 
of the glycosides. 

OH 

Epicatechin 

Figure 3. Principle of the spectrophotometric determination of procyanidins. 
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compromise between feasibility and accuracy and that the results for procyanidin 
content are meaningful and useful only together with a detailed instruction of the 
method that has been applied. Methods using micellar electrokinetic capillary 
chromatography (MECC) (57), HPLC with electrochemical detection, as well as L C -
MS and LC/MS/MS (52) are under investigation. 

Own Analytical Work on Crataegus 

Hawthorn can be problematic for quality control since two groups of constituents, 
flavonoids and procyanidins, are considered to be the active principles. The 
standardization aims at either the flavonoids or the oligomeric procyanidins or both. 
Our primary goal was the development of suitable methods for quality control and 
standardization of the flavonoid glycosides occurring in hawthorn. They are pre
dominantly polar, hydrophilic substances. The columns most used for their separation 
are of the reversed-phase type. Since the majority of the reported chromatograms 
showed insufficient separation, the development of a selectively separating fingerprint 
method was elaborated. A basic modification, compared to previous HPLC methods, 
is the quantitative determination after acid hydrolysis. This step was considered 
necessary due to the great variety of flavonoid glycosides which can be reduced by 
hydrolysis to the major aglycones. The main flavonol-O-glycosides, hyperoside and 
rutin, can be hydrolyzed to quercetin, while the principal flavone-C-glycosides, 
vitexin-2"-0-rhamnoside and acetylvitexin-2"-0-rhamnoside, react to form vitexin. 
The availability of all gjycosidic compounds for external standardization or calculation 
factors is not necessary. The commercially available standards, quercetin and vitexin, 
can be used for calibration curves for the standardization of Crataegus plant material 
and preparations. As a result, a simple, rapid, and reproducible method for the 
standardization of hawthorn extracts has been realized (8, 53). 

Extraction and Sample Preparation. The work-up procedure consists of two basic 
steps: extraction and hydrolysis of the glycosides, and sample clean-up (Figure 4). 
The flavonol-O- and flavone-C-glycosides of hawthorn are hydrolized and analyzed 
separately. Mi ld hydrolytic conditions are sufficient for the hydrolysis of hyperoside 
and other flavonol-O-glycosides. For a complete hydrolysis of the vitexin derivatives, 
vitexin-2"-0-rhamnoside and its acetate, more hydrochloric acid and a longer reflux 
time are required. These conditions are too strong for the flavonol-O-glycosides and 
lead to a loss of 15-20% of quercetin. Sample clean-up was performed by filtration 
through a Bond Elut C - l 8 cartridge. 

Qualitative Analysis. Five commercial samples of hawthorn leaves with flowers 
were examined for their flavonoid composition. They all showed rather uniform 
fingerprint chromatograms, with vitexin-2"-0-rhamnoside, hyperoside, and 
acetylvitexin-2"-0-rhamnoside as the main peaks in similar relative concentrations 
(Figure 5). Small amounts of vitexin and rutin were also found. Chlorogenic acid was 
detected in all of the samples. 

Quantitative Analysis. Quantitative HPLC determinations of quercetin and 
vitexin/isovitexin after acid hydrolysis are shown in Figures 6 and 7, respectively. 
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Plant material containing flavonoids such as 
• vitexin-2"-0-rhamnoside 

• acetylvitexin-2u-0-rhamnoside 
•hyperoside 

I 
^Reflux with hydrochloric acid 

under strong conditions: 
hydrolysis of 

vitexin-2"-0-rhamnoside and 
acetylvitexin-2"-0-rhamnoside 

^ ^ ^ ^ ^ t o vitexin 

/Quantitative determination ^ 
of vitexin by HPLC J 

Extraction with methanol 

Sample 
clean-up: 

i 
^Raflux with hydrochloric acid 

under mild conditions: 
hydrolysis of 

hyperoside and rutin 
to quercetin 

Filtration through 
Bond ElutC-18 
cartridges 

Quantitative determination 
vitexin-O-rhamnosides and hyperoside 
. by HPLC fingerprint analysi 

s<roside | /Quantitative determination ̂ \ 
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Figure 4. Scheme of extraction and sample preparation of hawthorn leaves with 
flowers for quantitative determination. 

Figure 5. Typical HPLC fingerprint chromatogram of hawthorn leaves with 
flowers. Column: Hypersil ODS (5 mm) (100 x 4 mm i.d.); mobile phase: A = 
THF-acetonitrile-MeOH 92.4:3.4:4.2, B = 0.5% o-phosphoric acid; lin. gradient 
0-12 min = 12% A in B, 12-25 min = 12% to 18% A in B , 25 -30 min = 18% A 
in B ; flow: 1.0 ml/min; temperature: 25°C.; detection: U V at 370, 336, 260nm. 
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Figure 6. HPLC chromatogram of a hydrolyzed extract for the determination of 
quercetin. Column: Hypersil ODS (5 mm) (100 x 4 mm i.d.); mobile phase: A = 
MeOH, B = 0.5% o-phosphoric acid; gradient elution 0-15 min = 30% A/70% B 
to 55% A/45% B; flow: 1.0 ml/min; temperature: 25°C.; detection: U V at 370, 
260nm. 

Vitexin 

Time (min) 

Figure 7. HPLC chromatogram of a hydrolyzed extract for the determination of 
vitexin and isovitexin. Column: Hypersil ODS (5 mm) (100 x 4 mm i.d.); mobile 
phase: A = THF-isopropanol-acetonitrile 10:8:3, B = 0.5% o-phosphoric acid; 
isocratic elution 0-13 min = 12% A/88% B; flow: 1.0 ml/min; temperature: 25°C.; 
detection: U V at 336,260nm. 
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Twelve batches of dried leaves and fruits of Crataegus monogyna at different plant 
development stages were examined by the hydrolysis method for their flavonoid 
content (Figure 8). The highest amount of total flavonoids was found in the leaves 
during the pre-flowering time (April) and the flowering time (beginning of May). 
Afterwards the total flavonoid content in the leaves decreased and remained at a rather 
constant level, comparable with the flowers. The fruits, containing mainly oligomeric 
and polymeric procyanidins, exhibited very low flavonoid concentrations, and their 
flavonoid determination and standardization was left out. The flowers and leaves 
revealed remarkable differences concerning the ratio of vitexin and querecetin: the ratio 
was 0.4 for the flowers, but 7 for the leaves, at the beginning of the collecting period, 
decreasing to 0.8 in October (53). These results are in accordance with results of other 
authors reporting the maximal flavonoid content for leaves during the pre-flowering 
and the flowering time in May (31,54), with increasing amounts of flavonol-O-
glycosides towards the end of the vegetation period. Taking into consideration these 
results, it is recommended to harvest both the leaves and the flowers during the 
flowering time on one hand to get the highest content of total flavonoids and, on the 
other hand, a well-balanced proportion of flavonol-O- and flavone-C-glycosides. 

Validation of the Quantitative Hydrolysis Method. The newly elaborated hydro
lysis method was validated thoroughly. Hydrolysis conditions, modes of extraction, 
calibration curves, precision, and accuracy were examined. Additionally, the 
hydrolysis method was compared with three other methods. 

In a first step the hydrolysis of the reference standards vitexin-2"-0-rhamnoside 
and hyperoside was examined. Subsequently, the conditions were transferred to the 
plant material and adapted once again. This attempt showed, as seen earlier, that 
flavonol-O-glycosides and flavone-C-glycosides require different hydrolysis condi
tions (Figure 9). Chromatogram 2 shows that hyperoside and rutin are compeletely 
hydrolyzed while vitexin-2"-0-rhamnoside can still be detected, since the conditions 
are too mild for a complete hydrolysis of vitexin-2H-0-rhamnoside to vitexin. 
Acetylvitexin-2"-0-rhamnoside is completely hydrolyzed to vitexin-2"-0-
rhamnoside. On the other hand, chromatogram 3 shows that vitexin-2"-0-rhamnoside 
and acetylvitexin-2fl-0-rhamnoside are completely hydrolyzed, since the 
corresponding peaks can not be detected anymore. Not only vitexin but also isovitexin 
resulted from the acid hydrolysis due to a Wessely-Moser rearrangement. 

The preparation of the plant material was performed by continuous, exhausting 
extraction in a Soxhlet apparatus (Figure 10). Since this kind of extraction is 
exhaustive (in the second and third extraction less than 1% of the main first extraction 
was obtained) it leads to a complete extraction of the flavonoids and is suitable for a 
quantitative determination. Other extraction methods like reflux or turbo extraction 
were tested but they revealed only incomplete extraction of the flavonoids, even if 
repeated several times. The resulting flavonoid content was at least 15% lower. 

Five different samples of hawthorn leaves with flowers were quantified by the 
hydrolysis method described above in order to obtain some information on its 
precision and accuracy as well as about the uniformity of content and ratio of vitexin 
and quercetin. A l l samples showed similar flavonoid contents with comparable ratios 
of vitexin to quercetin (Figure 11). The relative standard deviations (n = 3 or 6) were 
between 1% and 3% in all samples. 
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Figure 8. Flavonoid determination of Crataegus monogyna at different stages of 
development. For chromatographic conditions, see Figures 6 and 7. 

Figure 9. Control of completeness of hydrolysis by means of an HPLC 
fingerprint chromatogram: 1: unhydrolyzed extract, 2: hydrolyzed extract 
[hydrolysis conditions for quercetin derivatives (quercetin showed a retention 
time > 40 min under the selected chromatographic conditions)], 3: hydrolyzed 
extract [hydrolysis conditions for vitexin derivatives]. For chromatographic 
conditions, see Figure 5. 
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H Peak area VR H Peak area VRA 

• Peak area H sumVR+H+VRA 

la lb lc Id la+lb 2a 2b 2a+2b 3a 3b 3c 
+lc+ld 

3a+3b 
+3c 

Figure 10. Comparison of three extraction methods: 1 reflux, 2 turbo extraction, 
3 Soxhlet. a = first, b = second, c = third, d = forth extraction. VR = vitexin-2M-
O-rhamnoside, V R A = acetylvitexin-2"-0-rhamnoside, H = hyperoside. 

Flavonoid 
concentration [%] f2 Vitexin H Quercetin 

Figure 11. Mean flavonoid contents (± standard deviation) of five commercial 
samples of hawthorn leaves with flowers (samples A., B, C, W, and C*), deter
mined by HPLC after hydrolysis. 
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The recoveries were determined by twice adding two different amounts of each 
vitexin and vitexin-2"-0-rhamnoside and two different amounts of querecetin and 
hyperoside at the beginning of the sample extraction. For vitexin-2"-0-rhamnoside and 
hyperoside, the theoretically expected amounts of vitexin and quercetin, assuming a 
complete hydrolysis, were calculated. The recoveries were, on an average, 96.4% for 
vitexin and 91.5% for quercetin. This indicates almost complete hydrolysis and only 
little loss of compounds during the sample preparation. 

To investigate its validity, the hydrolysis method (method 1) was finally 
compared to three other methods, namely the HPLC fingerprint method (method 2) 
described above, an HPLC method used by the French Pharmacopeia (method 3), and 
the spectrophotometric determination described in D A B 10 (method 4) (Figure 12). 
Methods 1 and 2 consider the whole spectrum of flavonoids—the flavonol-O-
glycosides and the flavone-C-glycosides—and yield similar amounts of total 
flavonoids. Nevertheless, method 1 should be preferred, since the flavonoid pattern is 
reduced with a simple hydrolysis procedure to two compounds; therefore, it is 
possible to perform the quantitative determination with only two reference standards, 
whereas for the fingerprint method more reference compounds and calculating factors 
are needed. Although method 3 is very similar to method 2, the obtained flavonoid 
contents are clearly lower. There is a significant loss of about 30% of hyperoside 
compared to methods 1 and 2, mostly due to incomplete extraction of the plant 
material. Compared to methods 1 and 2 there is a significant decrease of 50-60% of 
vitexin-2"-0-rhamnoside resulting from the non-consideration of the acetylated 
vitexin-2"-0-rhamnoside. Method 4, which determines the total flavonoid content, 
calculated as hyperoside, revealed results in the range of those of method 3. But it 
is—as often criticized—not specific and neglects the flavone-C-glycosides. It should 
not be applied to herbal drugs that have a considerable content of flavone-C-
glycosides (8, 53). 

Finally, four different commercially available products containing Crataegus 
extracts were quantified by the hydrolysis method and compared to each other (Figure 
13). The preparations were: a) Faros 300 (Lichtwer Pharma, Berlin, Germany) P Z N -
4830052, Batch 93060100, b) Crataegutt novo (Dr. Willmar Schwabe, Karlsruhe, 
Germany) PZN-2505313, Batch 2331093, c) Crataegutt forte (Dr. Willmar Schwabe, 
Karlsruhe, Germany) PZN-3443086, Batch 0391093, d) Valverde Herzdragees (Ciba-
Geigy, Basel, Switzerland), DCS No. 478360018, Batch 900333. In these four prepa
rations, remarkable differences concerning the flavonoid content were found. Faros 
300 yielded clearly the highest and Crataegutt novo an extremely low content, 
whereas Crataegutt forte and Valverde Herzdragees exhibited similar, medium 
flavonoid concentrations. Even after including the daily dosage, which is nine capsules 
in the case of Crataegutt novo compared to three for the other products, the results 
are still considerably lower for this preparation. 

Conclusions 

Besides general aspects on the botany, chemistry, and pharmacology of hawthorn and 
clinical uses of phytomedicines based on this plant, the objective of this paper was to 
show that accurate methods of assaying and standardization are a prerequisite to 
insuring the reproducibility and efficacy of a given phytomedicine. By using the 
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> Flavonoids 

H Hyperoside • Vitexin-2"-0-rhamnoside H Total flavonoids 

Figure 12. Flavonoid determination of two samples (B and W ) by four different 
methods: 1 = H P L C after acid hydrolysis, 2 = quantitative H P L C fingerprint, 3 
= H P L C according to Ph. Franc. X , 4 = according to D A B 10. 

Flavonoids per tablet or capsule (mg) 

12 

10 

8 

6 

4 · 

IS 

Faros 300 

Daily 
dosase: 3x 1 

Vitexin (mg) 

• Quercetin (mg) 

[U Vitexin+quercetin (mg) 

Crataegutt 
novo 

3 x 3 

Crataegutt 
forte 

3 x 1 

Valverde 

3 x 1 

Figure 13. Comparison of the flavonoid content of four commercial 
preparations, determinded by H P L C after hydrolysis. 
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HPLC methods presented, every step in the production of hawthorn phytomedicines 
can be controlled, beginning with quality control of the raw material, continuing with 
inprocess controls during the production of standardized extracts, and ending with the 
quality control of the commercial products. 

Hawthorn has been established within the last ten years as a valuable alternative 
to synthetic compounds in the therapy of the N Y H A stage II heart failure patients. 
Unfortunately, herbal remedies have not been accepted until now in the textbooks of 
pharmacology. Hawthorn should be introduced in the therapeutic treatment of heart 
insufficiency as the starting drug. The clinical results show that hawthorn has to be 
ranked above the ACE-inhibitors as starting drug in the treatment of the declining 
cardiac performance. Therefore, the scientific base is available. 

The clinical studies of the last 15 years show a trend to higher dosages of 
hawthorn up to extract amounts corresponding to 5 g of the drug Crataegi folium cum 
flore. Unfortunately, the analytical description of the extracts tested in the studies is 
not on the level of the HPLC-method described in this paper. Only a few results for 
comparison are available. Therefore, it is difficult to correlate daily flavonoid dosage 
with therapeutic activity. Relating proposals (Commission E, ESCOP) have to be 
validated in future. Furthermore, the analysis of procyanidins has to be developed in 
the same manner as for flavonoids. Until now, a convincing method is still missing. 
The workshop on "Quality control of hawthorn" (proceedings in preparation) showed 
that research is promising some progress in the near future. 

Acknowledgments 

The authors wish to thank the former Ph.D. student Anne Rehwald for performing 
the laboratory work on Crataegus and also for reviewing various general aspects in her 
Ph.D. thesis. The authors are also extremely grateful to Annemarie Suter for editorial 
assistance. 

Literature Cited 

1. Byatt, J. Watsonia 1975, 10, 253-264. 
2. Christensen, K. Revision of Crataegus Sect. Crataegus and Nothosect. Crataeguineae 

(Rosaceae-Maloideae) in the Old World.; Systematic Botany Monographs, The 
American Society of Plant Taxonomists: Ann Arbor, MI, 1992; Vol. 35, pp 1-18. 

3. Byatt, J. Bot. J. Linn. Soc. 1974, 69, 15-21. 
4. Hegi, G. Illustrierte Flora von Mitteleuropa; J.F. Lehmanns Verlag: München, 1908-

1931; Vol. IV, Part 2, pp 725-739. 
5. Allen, D. Watsonia 1980, 13, 119-120. 
6. Bauer, I.; Hölscher, U. In Hagers Handbuch der Pharmazeutischen Praxis; Hänsel, 

R.; Keller, K.; Rimpler, H; Schneider, G., Eds.; Springer Verlag: Berlin Heidelberg, 
1992; 5th ed., Vol. 4, Drogen A-D; pp 1040-1062. 

7. El-Gazzar, A. Bot. Jahrb. Syst. 1980, 101, 457-469. 
8. Rehwald, A. Ph. D. Thesis, ETH Zurich, No. 10959, 1995. 
9. Ammon, H.P.T.; Händel, M. Planta Med. 1981, 43, 105-120, 209-239 and 313-

322. 
10. Leukel-Lenz, A. Ph. D. Thesis, Philips-Universität, Marburg, 1988. 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

01
7

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



261 

11. Ammon, H.P.T.; Kaul, R. Dtsch. Apoth. Ztg. 1994, 134, 2433-2436, 2521-2535 and 
2631-2636. 

12. Pöpping S.; Fischer Y.; Kammermeier H. Münch. med. Wschr. 1994, 136, Suppl. 1, 
S39-S46. 

13. Tauchert, M.; Siegel, G.; Schulz, V., Eds. Münch, med. Wschr. 1994, 136, Suppl. 1, 
S3-S73. 

14. von Eiff M. Untersuchungen zur Pharmazeutischen Qualität, Unbedenklichkeit und 
therapeutischen Wirksamkeit eines Crataegus/Passiflora-Extraktes; Thesis, 
Universität Basel, 1994 . 

15. von Eiff, M.; Brunner, H.; Haegeli, A.; Kreuter, U.; Martina, B.; Meier, B.; 
Schaffner, W. Acta Therapeutica 1994, 20, 47-66. 

16. Schmidt U.; Kuhn U.; Ploch M.; Hübner W.-D. Phytomedicine 1994, 1, 17-24. 
17. Tauchert M.; Ploch M.; Hübner W.-D. Münch. med. Wschr. 1994, 136, Suppl. 1, 

S27-S33. 
18. Forni, G. Fitoter. 1980, 51, 13-33. 
19. Tittel, G.; Wagner, H. In Flavonoids and Bioflavonoids, 1981; Farkas, L.; Gabor, 

M.; Kállay, F.; Wagner, H., Eds.; Elsevier Scientific Publishing Company: 
Amsterdam, 1982; pp 299-310. 

20. Wagner, H.; Tittel, G.; Bladt, S. Dtsch. Apoth. Ztg. 1983, 123, 515-521. 
21. Ficarra, P.; Ficarra, R.; Tommasini, A.; De Pasquale, A.; Guarniera Fenech, C.; Iauk, 

L. Farmaco Ed. Prat. 1984, 39, 148-157 and 342-354. 
22. Ficarra, P.; Ficarra, R.; De Pasquale, A.; Monforte, M.; Calabro, M. Farmaco 1990, 

45, 247-255. 
23. Pietta, P.; Manera, E.; Ceva, P. J. Chromatogr. 1986, 357, 233-238. 
24. Pietta, P.; Mauri, P.; Manera, E.; Ceva, P.; Rava, A. Chromatographia 1989, 27, 

509-512. 
25. Christ, B.; Müller, K. Arch. Pharm. 1960, 293, 1033-1042. 
26. Glasl, H.; Becker, U. Dtsch. Apoth. Ztg. 1984, 124, 2147-2152. 
27. Dallenbach-Tölke, K.; Nyiredy, Sz.; Meier, B.; Sticher, O. Planta Med. 1987, 53, 

189-192. 
28. Glasl, H. Fresenius Ztschr. Anal. Chem. 1985, 321, 325-330. 
29. Hiermann, A.; Kartnig, T. Sci. Pharm. 1984, 52, 30-35. 
30. Lamaison, J.; Carnat, A. Pharm. Acta Helv. 1990, 65, 315-320. 
31. Lamaison, J., Carnat, A. Plant. Méd. Phytothér. 1991, 25, 12-16. 
32. Kartnig, T.; Kögl, G.; Heydel, B. Planta Med. 1993, 59, 537-538. 
33. Tempel, A. J. Chem. Ecol. 1982, 8, 1289-1298. 
34. Deshpande, S.; Cheryan, M.; Salunkhe, D. CRC Critical Reviews in Food Science and 

Nutrition; CRC Press, Inc.: Cleveland, OH, 1986; Vol. 24, Issue 4, pp 401-449. 
35. Hagerman, A.; Butler, L. J. Chem. Ecol. 1989, 15, 1795-1810. 
36. Karchesy, J. In Chemistry and Significance of Condensed Tannins; Hemingway, R.; 

Krachesy, J. Eds.; Plenum Press: New York, 1989; pp 197-202. 
37. Porter, L. In Plant Phenolics; Harborne, J., Ed.; Methods in Plant Biochemistry; 

Academic Press: London, 1989, Vol. 1; pp 389-419. 
38. Macheix, J.; Fleuriet, A.; Billot, J. Fruit Phenolics; CRC Press Inc.: Boca Raton, FL, 

1990; pp 81-90. 
39. Scalbert, A. In Plant Polyphenols: Synthesis, Properties, Significance; Hemingway, 

R.; Laks, P., Eds.; Plenum Press: New York, 1992; pp 259-280. 
40. Hölzl, J.; Strauch, A. Planta Med. 1977, 32, 141-153. 
41. Schrall, R.; Becker, H. Planta Med. 1977, 32, 297-307. 
42. Lea, A. J. Chromatogr. 1980, 194, 62-68. 
43. Lea, A. J. Chromatogr. 1982, 238, 253-257. 
44. Vande Casteele, K.; Geiger, H.; De Loose, R.; Van Sumere, C. J. Chromatogr. 1983, 

259, 291-300. 
45 Perez-Ilzarbe, F.; Martinez, V.; Hernandez, T.; Estrella, I. J. Liquid Chromatogr. 

1992, 15, 637-646. 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

01
7

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



262 

46. Goldstein, J; Swain, T. Nature 1963, 198, 587-588. 
47. Butler, L.; Price, M.; Brotherton, J. J. Agric. Food. Chem. 1982, 30, 1087-1089. 
48. Swain, T.; Hillis, W. J. Sci. Food Agric. 1959, 10, 63-68. 
49. Bate-Smith, E. Phytochem. 1973, 12, 907-912. 
50. Porter, L.; Hrstich, L.; Chan, B. Phytochem. 1986, 25, 223-230. 
51 Kreimeyer, J.; Petereit, F.; Nahrstedt, A. Workshop: Crataegus - Pharmazeutische 

Qualität und Wirksamkeit, ETH Zurich, October 11, 1996. 
52. Rohr, G. Workshop: Crataegus - Pharmazeutische Qualität und Wirksamkeit, ETH 

Zurich, October 11, 1996. 
53. Rehwald, A.; Meier, B.; Sticher, O. J. Chromatogr. A. 1994, 677, 25-33. 
54. Kartnig, T.; Hiermann, A.; Azzam, S. Sci. Pharm. 1987, 55, 95-100. 

 P
ub

lic
at

io
n 

D
at

e:
 A

pr
il 

15
, 1

99
8 

| d
oi

: 1
0.

10
21

/b
k-

19
98

-0
69

1.
ch

01
7

In Phytomedicines of Europe; Lawson, L., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1998. 



Chapter 18 

Influence of the Flavonolignan Silibinin of Milk Thistle 
on Hepatocytes and Kidney Cells 

J. Sonnenbichler, I. Sonnenbichler, and F. Scalera 

Max Planck Institut für Biochemie, D-82152 Martinsried, Germany 

The pharmacologically active components of the plant Silybum marianum are 
the flavonolignans, silibinin and silichristin. It has been shown that these 
compounds can be used successfully in therapy to promote faster regeneration 
of diseased liver. The biochemical mechanism for this cell-regenerating power 
has been elucidated. It has been demonstrated that silibinin stimulates the 
activity of the DNA-dependent RNA-polymerase I, thus causing an increase in 
rRNA synthesis and an accelerated formation of intact ribosomes. The 
consequence of this stimulation is a general increase in the rate of synthesis of 
all cellular proteins. Molecular modelling revealed that silibinin may imitate a 
steroid hormone by binding specifically to polymerase I, thus stimulating the 
enzyme activity. The molecular mechanism described has been demonstrated 
in experiments with rat and mice liver in vivo, with hepatocyte cultures, 
isolated liver nuclei, and purified enzyme and receptor proteins in vitro. The 
increase in protein synthesis offers a good explanation for the liver
-regenerating power of the plant extract. Similar results have been recently 
found with human and monkey kidney cells. 

Extracts of the flowers and leaves of Silybum marianum (milk thistle or St. Mary's thistle), 
Figure 1, have been used for centuries to treat liver diseases. In the 1960s, scientists began 
to isolate the most important ingredients of the extracts of milk thistle, and their chemical 
structures were elucidated in the study-groups of Pelter and Hansel (7), as well as of 
Wagner et aL (2, 3). The efforts at isolation first lead to a mixture, which was named 
silymarin. It was with this mixture that most of the clinical studies were carried out. We 
know today that the constituents are the compounds shown in Figure 2, and that silibinin 
makes up approximately 60% of the main components. These compounds are 
flavonolignans and are produced in the plant under conditions of strong solar radiation. 

Every physician knows the abundance of clinical pictures associated with the term 
"liver diseases". These clinical pictures are just as varied as are the causes of the 
diseases—starting with viral infections and continuing on to toxic damage, for example, 
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Figure 1. Silybum marianum. 

OH 

Figure 2. Constituents of Silymarin. 
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from alcohol intoxication. It is, therefore, not surprising that one faces considerable 
difficulties in selecting a suitable group of patients for double-blind clinical trials. 
Nevertheless, the therapeutic efficacy of silymarin has been convincingly verified. 
Fintelmann and Albert (4) observed already in 1980 that after toxic liver damage, 
administration of sttyrnarin results in a significantly accelerated normalization of GOT 
(glutamate-oxaloacetate trarisaminase) and GPT (glutamate-pyruvate transaminase), 
Figure 3. A 1989, a double-blind study by Feher (5) likewise demonstrated that after 
admiriistration of silymarin to patients with alcohol-induced liver diseases, a distinctly more 
rapid normalization of the transaminases and bilirubin takes place. 

A multicenter study by Ferenci and colleagues (6) in Vienna found that the average 
survival rate of cirrhotic patients in the Child A stage could be markedly lengthened if they 
were given silymarin, Figure 4. Berenquer and Carrasco (7) observed an accelerated 
normalization in the plasma albumin values in patients with chronic inflammatory liver 
diseases after treatment with silymarin. One could summarize all these findings under the 
term "increased regenerative ability". 

Studies on the Mechanism of Action of Silibinin 

Irrespective of the noxious agents causing the damage (Le. virus or toxin), in biochemical 
terms, "regenerative ability" means the restoration of damaged cellular components. 
Above all, defective macromolecules with biochemically meaningful functions must be 
replaced in order to restore normal cell function. Besides nucleic acids, these include, 
above all, proteins as building blocks of cell walls, organelles and as enzymes which in the 
end deterrnine the entire primary metabolism. The synthesis of proteins is managed 
according to the scheme in Figure 5. 

In the past 20 years, we have been able to clarify in considerable detail how the 
flavonolignans of milk thistle influence this mechanism. Among other things, it was 
necessary to measure the rate of synthesis of the various macromolecules. This is done 
generally in the following manner: a specific building block of the macromolecule is 
radioactive-labelled and then employed in the experiment. For example, in the case of 
quantitative determination of protein biosynthesis, this would involve labelling an amino 
acid, or in the case of nucleic acid measurements, a nucleotide unit would be thus labelled. 
After isolation of the high-molecular weight products, the time-dependent incorporation of 
the precursor can then be measured. 

We carried out experiments on the livers of rats and rnice in vivo, as well as with 
isolated cells - particularly with hepatocyte cultures, with isolated organelles (e.g., with cell 
nuclei in vitro), and finally with isolated enzymes and receptor proteins. The following was 
found under the influence of siHbinin: 
1. Protein biosynthesis, measured in units of time, proceeds approximately 25-30% faster 
under the influence of the flavonolignan sihbinin compared to controls (8), Figures 6 and 7. 
2. After determining the specific radioactivity of hundreds of different newly synthesized 
cellular proteins, it could be seen that the rate of synthesis of all the cellular proteins is 
increased equally without any preference or de novo synthesis of certain proteins. 
3. We found that preceding this stimulation of protein synthesis is a great increase in the 
rate of RNA synthesis (9), Figure 8. We differentiate here three species of RNAs, which 
are indicated in Figure 9. Although the rates of synthesis of amino acid-activating tRNAs 
and of the heterogenic m-RNAs are not influenced by silibinin, the synthesis of the rRNAs 
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1 3 7 10** 1 4 * 2V 28* 3 5 

days 
Figure 3. Time dependent normalization of a liver-specific enzyme after 
toxic liver disease in men, in the presence and absense of silymarin. 
(Reproduced with permission from reference 4. Copyright 1980 Therapiewoche.) 

ALCOHOLIC CIRRHOSIS 
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Figure 4. Survival curves for 170 patients with cirrhosis of the liver treated 
with silymarin or placebo, data analyzed according to the etiology of liver 
disease. Placebo vs. silymarin in alcoholic cirrhosis: Wilcox-Breslov test, 
p=0.011; Mantel-Cox test, p=0.012. 
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Nucleus 

Cytoptasma 
m-RNA 

DMA 

DOOOOOOOOOOOC 

A A A A A A RNA 

Transcription 

Translation 

growing protein chain 
Figure 5. Scheme for the protein biosynthesis in eucaryotes including the 
transcriptional and translational process. 

Figure 6. Time dependent incorporation of methionine into synthesized 
proteins in isolated rat hepatocytes in the presence of 10 ug/ml silibinin 
(o) and without silibinin (•). 
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Figure 7. Incorporation of 14C-leucine into rat liver proteins 1.5 h after 
application of silibinin in vivo, and 3 h before sacrifice. S=10 mg/kg 
silibinin, C=control. 

time [h] 

Figure 8. Time dependent incorporation of uridine into newly synthesized 
RNA in rat livers in vivo with (A)and without (A) silibinin application (a). 
Precursor pools (b). 
(Reproduced with permission from reference 10. Copyright 1984 Walter de Gruyter.) 
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is strongly stimulated (10), Table I. These rRNAs consist of a 5.8S, 18S and 28S-RNA 
species and are essential building blocks of the ribosomes—those "sewing machines" on 
which the proteins are synthesized. 

Table I. Influence of silibinin on the rate of synthesis of different RNA species in 
rat liver in vivo (%). 

4. It was also shown that the synthesis of the mature—those with the associated ribosomal 
proteins—more complex ribosomes is distinctly increased, Figure 10. 
Upon reflection of these findings, it becomes clear that with the increase in "sewing 
machines"—that is to say, the ribosomes—also the protein synthesis of the entire cell is 
increased, which then accelerates the cell regeneration. 
5. Finally, the cause for the stimulation was found to be a specific enzyme, namely DNA-
dependent RNA-polymerase I, whose activity is greatly increased by silibinin (77), Figure 
11. This enzyme catalyzes the transcription of rRNA, and silibinin acts as a positive 
effector on this biocatalyst, but specifically with eucaryotes. With procaryotic RNA-
polymerases (Gram-positive and Gram-negative bacteria), we could not find such a 
stimulation (72). In the case of partially hepatectornized rats even the DNA-replication is 
stimulated (75). 

In enzymology one can recognize negative and positive effectors, for example in 
the case of pacemaker enzymes. It is astonishing though why a plant metabolite can exert 
such a specific effect on the molecular biology of an animal celL In order to clarify this 
question, we investigated around 30 structurally related compounds with respect to these 
properties. Only a few of the tested substances exhibited a similar effect (14), Table n. 
Structural comparisons and molecular modelling of the biologically active compounds 
revealed a similarity to steroids, which is indicated in Figure 12. In fact, it is known that 
besides their specific ability for genetic induction (sihbinin does not do this!), steroids can 
stimulate also the activity of RNA-polymerase I, Le. they can stimulate the general rate of 
rRNA-transcription. In cooperation with Prof. Jungblut of the Max-Planck-Institute for 
Endocrinology, Braunschweig, we were able to demonstrate that sihbinin binds 
competitively to a purified, isolated steroid receptor, albeit at a reduced affinity (15), 
Figure 13. Sihbinin thus imitates a regulator of the cell itself, resulting in a stimulation of 
the entire cellular protein synthesis. We can now summarize the mechanism of action in 
Figure 14. 

total RNA 
rRNA (5.8S) 
rRNA (18S) 
rRNA (28S) 
tRNA 

+99 
+33 
+74 
+29 
+1 
-7 mRNA (from nuclei) 
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Figure 9. Different RNA types that are transcribed from the DNA 
template. 

cpm 

time [ h ] 

Figure 10. Incorporation of 14C-uridine into RNA of complex ribosomes. 
14C-Orotic acid (50 pCi) was injected into Wistar-rats (80-120 g) i.p. 3 h 
before sacrifice. Silibinin-hemisuccinate (1.5 mg) (•) was previously 
injected at different times. Controls (o) were treated only with solvent 

5.8,18,285 
ribosomal 

RNA's 

(structural elements 
of ribosomes) 
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Figure 11. Transcription activities of the isolated and purified DNA-
dependent RNA-polymerases in vitro with and without addition of 
silibinin, with calf thymus DNA as the template. 
(Reproduced with permission from reference 11. Copyright 1977 Walter de Gruyter.) 

OH 

Si l ib in in 

Figure 12. Comparison of silibinin to the steroid skeleton. The steroid 
skeleton is enclosed in the dashed box. 
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V. 

50 

• Estradiol 
A Silibinin 
• Wedelo-lacton 
o E A3 

• 3H-Estradiol 
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Figure 13. Binding of radioactive labelled estradiol (%) in the presence of 
unlabelled estradiol and unlabelled silibinin as a competitor to the isolated 
and purified steroid-receptor from pig uteri. Wedelo-lactone and EA3 are 
inactive controls. 

Nucleus 

(genetic information) (amino acid activation) (ribosome structure) 

1 J. 
' ribbsomes 

proteins 

Figure 14. Summary scheme for the interaction of silibinin with the 
molecular biology of the cell. 
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Table n. Effects of various flavonoids on protein and RNA synthesis in liver cells 
(+ stimulation, - inhibition, -0 no effect, () marginal effects). 

Flavanones: Flavonoles: 
Pinocembrin 0 Gossypetin (+) 
Isokuranetin 0 Galangin 0 
Homoeryodictyol 0 Fisetin (+) 
Naringenin 0 Kampferol (+) 
Hesperitin ++ Luteolin 0 
Flavanone 0 Morin (+) 

Rhamnetin 0 
Quercetin 0 

Flavanonoles 
Taxifolin ++ Flavonolignans 

Flavones Silibinin ++ 
Acacetin 0 Silidianin 0 
Apigenin 0 Silichristin + 

Isosilibinin (-) 
Isoflavones 
Prunetin 0 Others: 
Irigenin (+) Benzalacetophenone 0 
Genistein - Chalcone 0 

Cynarin 0 
Catechin ++ Curcumin 0 

This mechanism applies for the period of time in which silibinin is available to the 
celL The absorption of current preparations after oral adrriinistration is approximately 50-
60%. We were able to confirm this in rats with radioactive-labelled silibinin, Figure 15. 
Two maxima of silibinin concentrations occur in the liver via enterohepatic circulation. 
Then, after approximately 40 hours, the flavonolignan is excreted in the form of glucoside 
and sulfate metabolites (16). 

Considering the biochemical mechanism described, it would be expected that the 
stimulation of protein biosynthesis also occurs in non-hepatocytes, even though the 
flavonoid concentrations are by far highest in the hepatocytes. In fact, we have been able 
to ascertain in the past months that also in cell cultures of human and monkey kidney cells, 
silibinin causes increased protein synthesis, nucleic acid synthesis and also increased 
replication of dividing cells by approximately 25-30%, Table HI. Already, positive clinical 
findings have also been obtained in this regard. Our experiments with liver and kidney cells 
demonstrated that only silibinin and silichristin exhibit the stimulatory effect, but not 
isosilibinin or sihdianin, Table IV. 

We have also worked with tumor cells, particularly human hepatoma cells 
(Alexander cells), rat hepatoma cells (Raji cells), Burkitt lymphoma cells, and HeLa cells, 
Figure 16. No stimulation was found in any of these cases. An obvious explanation would 
be that the transcription and translation in malignant cell lines already proceed at maximal 
rates and cannot be accelerated any further. 
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0 5 10 15 20 25 30 

time [hours] 

Figure 16. Time course of protein synthesis in cultures of malignant cell 
lines (for example, Raji-cells from rat hepatoma) in the presence of 
different concentrations of silibinin-hemisuccinate. 
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Table m . Effect of various silibinin-hemisuccinate concentrations on the cell line 
Vero from green monkey kidneys. Four days after transfer of 7.5xl04 cells/ml in 
clusters with 400 pi medium 199, the cells were counted. Silibinin-hemisuccinate 

silibinin- final cell counts cell vitality growth 
hemisuccinate 

(Hg/mL) (%) (%) 
0 2.86xltf 92 

2.86x10s 93 100 

10 3.30x10s 93 
3.26x10s 94 116 

20 3.50x10s 94 
3.44x10s 94 123 

50 2.60x10s 91 
2.58x10s 92 92 

Table IV. Effect of 10 ug/ml silibinin-hemisuccinate, silidianin, silichristin and 
iso-silibinin on the kidney cell line Vero. Details described in Table HI. 

probe final cell counts cell vitality growth 
(%) (%) 

control 4.26X105 95 
4.34x10s 96 100 

control +1% 4.26x10s 96 
ethanol 4.28x10s 96 99 

silibinin herni- 4.96x10s 96 
succinate 4.98x10s 96 116 

silidianin 4.10x10s 96 
4.92x10s 96 94 

silichristin 4.92x10s 96 
4.88x10s 96 114 

isosilibinin 3.90x10s 96 
3.72x10s 95 89 
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Additional mechanisms of action have been proposed for the flavonolignans of milk 
thistle, and some have been verified in experiments. For example, these polyphenols have 
the ability to intercept radicals, such as radicals formed from oxidative alcohol degradation 
or from other noxious agents in the liver which can cause cell damage. Data for the 
scavenger function of the silymarin components have been obtained in in vitro experiments 
primarily by the study-groups of Feher (77), Mira (18), Valenzuela and Guerra (19), and 
GyOrgy (20). However, the flavonoid concentrations required in this case are so high, that, 
in my opinion, they cannot be achieved in the organism through oral application of 
silymarin preparations. 

Furthermore, we know that in high concentrations silibinin diminishes the 
membrane permeability of the hepatocytes, so that many toxins can hardly then penetrate 
the cell (27). For example, the absorption of amanitine, the poison of the green death-
head, is slowed down so much that the excretion of the toxin takes place before the actual 
toxic effect can set in. One can also employ this possibility for the successful therapy 
against mushroom poisoning (22). The silibinin concentrations required in such a case are 
around 10-20 times higher than those needed for stimulation of protein synthesis and can 
be achieved only via intravenous adrriinistration. 

Conclusion 

If one considers all of the biochemical effects described here, then the clinical results 
obtained with silibinin and silymarin can be explained from the view of the molecular 
biologist and confirm that the flavonolignans of milk thistle—above all, sihbinin and 
silichristin—are indeed interesting drugs. 

Acknowledgement. Sihbinin (Legalon) and the flavonolignans were a gift of Dr. 
Madaus A G , KOln, FRG, which is gratefully mentioned. 
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Chapter 19 

Phytotherapeutic Immunomodulation as a Treatment 
Modality in Oncology: Lessons from Research 

with Mistletoe 
H.-J. Gabius1 and S. Gabius2 

1Institute für Physiologische Chemie, Tieräztliche Fakultät, Ludwig-Maximilians-
Univeristät, Veternärstr. 13, D-80539 München, Germany 

2Hämatologisch-onkologische Schwerpunktpraxis, Sternstr. 12, D-83022 
Rosenheim, Germany 

The reason to introduce mistletoe (Viscum album L.) preparations to 
so-called alternative cancer therapy was perceived in its entirety by the 
spiritual intuition of Rudolf Steiner, without any clinical support. 
Presently, their application is counted among the heavily advertised 
array of unproven methods in oncology. During the past decade we have 
shown that a purified constituent of mistletoe, namely the galactoside
-specific lectin, can be referred to as biological response modifier, when 
applied in vitro or in vivo within a narrow low-dose range (1-2 ng/kg 
body weight). Although the characterization of the lectin's biochemical 
and cell biological properties expectedly proved to be straightforward, 
the scientific interpretation of its potency as elicitor of immune 
responses, e.g. enhanced cytokine secretion (IL-1, IL-6, TNF-α), has 
clearly not yet reached the same stage of maturity. It is now essential to 
responsibly and carefully evaluate the potential clinical uncertainty of the 
lectin-dependent immunological reactions in adequate model systems 
prior to advocating the design of fully controlled clinical trials, since so
-called hemopoietic cytokines can be stimulators of growth for diverse 
tumor cell types in vitro and in vivo. The superficial use of scientific 
terminology without detailed and convincing proof of efficacy and safety 
should not delude physicians, pharmacists, and patients into ignoring the 
current discrepancy between facts and fiction. 

An enormous variety of formulas and mixtures inundates the market for treatment of 
cancer. Judged on the basis of the often showy advertising, which billboards the 
methods as cures emphatically recommended by alleged experts, it seems to be 
surprising that various cancer types still pose a therapeutic problem. 
Official statements by cancer societies and critical reviews of the literature place 
emphasis on the fact that these preparations have so far not at all lived up to their 
promises (1-3). The scientific chain of reasoning should not be compromised (4-6). 

278 ©1998 American Chemical Society 
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Taking mistletoe as a graphic example, the background on its introduction, the ensuing 
therapeutic recommendations, the clinical experience with extract preparations, and 
the scientific perspective are outlined to understand why dealing diligently with this 
matter should not be considered as unimportant. 

Mistletoe as a Spiritual Entity 

The anecdotal nature of annotations in documents from the Middle Ages casts doubt 
on the assumption that mistletoe preparations have had a tradition as anticancer agents 
(7). Indeed, no reference to any clinical experience ("das bloBe Probieren und 
Experimentieren") was even required for R. Steiner to boldly denote mistletoe as the 
future remedy for cancer (8-10). He intuitively defined physically inexplicable forces 
from this so-called highly spiritual entity as a fundamental cure which allegedly works 
on levels beyond the physical body (8-11). Experimentation is explicitly excluded as a 
tool to enhance our level of understanding. In contrast, the perception of the spiritual 
world, guided by the masterly intuition of the prepared mind, categorically replaces 
any empirical reasoning. To familiarize the reader with Steiner's concept (72, 13), 
examples of advice dogmatically deducted from the anthroposophical system are the 
use of lead, sugar, and honey in the treatment of atherosclerosis and the strong 
warning to consume potatoes, in order to avoid egoism and materialism. Having 
deliberately left the area of scientific, self-critical search for truth and entered a 
dogmatic, pseudo-religious sphere, it is a startling phenomenon that scientific 
nomenclature is often used instead of the inherent wording of the anthroposophical 
system of belief (14). However, this attempt to square the circle exposes the extract 
preparations and their application to the commonly accepted rules of quality 
assessment and control. 

Mistletoe Extracts as Commercial Products 

Various proprietary extracts are on the market in Germany, taking advantage of 
special, legally benevolent regulations for anthroposophic, homeopathic, and 
phytotherapeutic preparations. The manufacturing processes of the individual 
mistletoe-derived products differ notably and can e.g. include vigorous shaking for 
"homeopathic dynamization", bacterial fermentation, or rhythmic warming. In addition 
to the differences in processing of the starting material, the variability of its 
biochemical composition makes it nearly impossible to guarantee a product of 
reproducible content. The nature of the host tree, the climatic conditions, and the time 
of harvest are among the factors with proven impact on the composition. Nonetheless, 
the manufacturers unanimously claim profound efficiency in cancer treatment. In 
contrast to R. Steiner's purely spiritual concept ("werdende Natur"), pharmacological 
effects by substances ("gewordene Natur"), especially on the level of the immune 
system, are made responsible for the purported success. Due to the biochemical 
complexity of the extracts with compounds such as viscotoxins, lectins, 
polysaccharides, alkaloids, and flavonoids (for reviews see 7, 75, 76), it is 
understandable, albeit scientifically questionable, that the manufacturers attribute 
efficacy to a concerted and harmoniously orchestrated action of the mixture. The 
nature of the postulated synergism remains elusive. 
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The apparent positive attitude concerning its clinical value is not at all 
supported by critical reviews of the literature on application of commercial extract 
preparations. The average quality of seemingly positive reports is judged to be 
"disappointingly poor" and does not justify the widespread and uncontrolled use in the 
treatment of cancer patients (77, 18). The lack of tumor-inhibiting efficacy was also 
noted with a commercial product in four animal tumor models. Furthermore, in vitro 
studies revealed a higher degree of susceptibility of normal cells than carcinoma cells 
to toxic mistletoe lectins (79, 20). The latter report clearly shows that a cell-type-
specific chemotherapy with these two proteins, which belong to the class of potent 
AB-toxins (27, 22), is not feasible. Having first been detected by Krtipe, by virtue of 
the capacity of mistletoe extract to agglutinate erythrocytes (23), and then 
preparatively enriched by galactose-dependent desorption from extract-exposed B-
type erythrocytes (24), the abundant galactoside-specific agglutinin (VAA-I) was then 
purified independently by three groups (25-27). Due to systematic evaluation of 
various types of affinity ligands and spacers in chromatography, its isolation has been 
optimized, yielding approximately 1 mg of lectin from 12 g dried mistletoe leaves (28). 
In view of the emerging role of lectins in immune regulation—its present status 
outlined elsewhere (29, 30)—the availability of pure material made it possible to 
determine whether the lectin may be involved in any regulatory processes. As already 
emphasized, the inherent toxicity of the lectin precluded any assays at concentrations 
which will inevitably cause cell death. Therefore, our interest focused on the ng/mL 
(ng/kg body weight) range of concentration (dose). It is noteworthy that the N -
acetylgalactosamine-specific lectin (VAA-II), which is also present in extracts with 
pronounced host tree dependence (16), was simultaneously tested. 

Mistletoe Lectin as Biological Response Modifier 

To assess any lectin-dependent effects, endotoxin-free preparations were tested in 
vitro and in vivo after subcutaneous injections. Immunomodulatory responses, such as 
enhancement of phagocytic activity of granulocytes or of N K cell cytotoxicity tested in 
vitro, were seen with blood samples from rabbits and human volunteers, if treated 
within a narrow low-dose range in the order of 1 ng lectin/kg body weight (37). The 
second lectin was considerably less active in this respect (37). When lectm-containing 
extracts were injected to reach the described active lectin quantity, sirnilar reactions 
were seen (37, 32). Deliberate lectin depletion of the extract removed the active 
principle from the mixture, as the otherwise unchanged solutions then displayed 
suppressive potency for immune parameters (37, 32). It is thus fair to assume that the 
galactoside-specific lectin, given in a narrow dose range, can alter certain parameters 
of the immune system. Further studies have extended the panel of such parameters to, 
e.g., the number of helper T cells and the extent of CD25 expression for breast cancer 
patients (33). However, it is essential to keep in mind that these parameter alterations 
have not been proven as reliable indicators of prognosis (34). Although they reveal a 
measurable response to lectin application, it is either premature or irresponsible to 
repeatedly refer at this stage to extract application as "method of choice for a 
scientifically acceptable immunotherapy" (35), as commented upon in detail elsewhere 
(36, 37). 
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To at least be able to partially explain the effects on the level of the organism, 
the binding capacity of the lectin to glycoconjugates and to cells capable of 
deciphering lectin-triggered biosignaling was analyzed. Especially blood group H/B-
like structures, as well as the Pi deterrninant, are strongly reactive with the lectin, 
which also accommodates N-acetyllactosamine- and ^-terminating antennae of 
complex-type glycoproteins into its binding site (38-42). Similar to animal lectins 
which bind galactosides, the application of sophisticated NMR-techniques in 
combination with computer-assisted molecular modeling has raised evidence that in 
solution the ligand fits snugly into the plant agglutinin's binding site without notable 
deviation from its global minimum conformation in the free state (43). Judged on the 
basis of the rather broad panel of galactosides, which also includes the a-2,6-sialylated 
derivative of N-acetylkctosamine as common glycoprotein-linked epitope, it is 
obvious that the lectin can in principle find ligands on diverse cell types. This low-
stringency ligand selectivity can account for its proposed ecological role as a defense 
molecule for the plant (44). 

To convey a message into the cell's interior, binding to surface epitopes is only 
one, albeit essential, factor. The spatial rearrangement of the surface ligands, Le. 
cluster formation, should then follow to entail an intracellular signaling cascade (45). 
Lectins form cross-linked complexes of long-range order—as often at least as bivalent 
molecules are predestined to—whose formation is implicated in elicitation of cellular 
activities such as mitogenesis (46). Complexes of constant stoichiometry with a model 
ligand can also be established by this mistletoe lectin (48). Their formation on cell 
surfaces is linked to the occurrence of positive cooperativity at a lectin concentration 
in the range of ng/mL x 10s cells (47). Intracellularly, increases in Ca2+-mobilization, 
in phosphorylation of a 28 kDa protein, and in production of phosphatidylinositol-4,5-
biphosphate were detected for a human monocytic leukemia cell line as a standard 
model (48). These changes can precede further responses, e.g. an enhanced secretion 
of cytokines, namely interleukin-1, interleukin-6 and tumor necrosis factor-a (49). 
This reaction is strictly dependent on recognitive protein-sugar interaction, as shown 
in respective controls (49). By altering mediator levels in the complex cytokine 
network, the lectin can rightfully be denoted as "biological response modifier" (50, 
51). Current strides in unveiling the uncertainty of such endogenous mediators are 
welcome sparks to ignite efforts to clarify the role of altered cytokine availability to 
exclude any potential harm for the patients. It is not at all disgraceful to admit that we 
are presently ignorant of a complete comprehension of this immune factors network. 

Lectin-elicited Immunomodulation: Friend or Foe? 

Long-term cultured murine model systems with metastatic capacity provide the 
opportunity to test anti-tumor efficacy under experimentally favorable conditions. 
Although distant in their properties to the clinically apparent tumors, assays in such 
test systems are a reasonable first step to initiate the evaluation of a novel approach. 
Lectin application at an immunomodulatory dose reduced the extent of metastasis 
formation in lung or liver and reduced tumor growth for Ll-sarcoma cells and 
RAW117-H10 lymphosarcoma cells (52, 53). However, a curative effect was not 
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observed. At any rate, such effects in a limited number of model systems adapted to in 
vitro growth over a long time should not be overestimated. 

Presently, the notion is gaining acceptance that cytokines should not merely be 
considered as anti-tumor agents, and that denominations such as tumor necrosis 
factor-a should be viewed cautiously (54, 55). Starting with a euphoric period of high 
hopes, we have entered an academic, rapidly burgeoning stage in which an 
understanding of the complexity of the cytokine network and the inherently contextual 
meaning of the interplay of the individual factors is being sought. As likewise known 
from normal cell types, multifunctional pleiotropic growth factors can trigger opposite 
activities from diverse tumor cell types, cautioning against the vision that, e.g., the 
lectin-dependent enhancement of cytokine secretion is principally and solely beneficial 
(56-59). 

Since tumors have an enormous potential to adjust to their environment and 
maintain their growth potential, it is not surprising that this adaptive process also 
includes taking advantage of host immune reactions, a process that is generally 
referred to as the "flip side of immunity" (60, 61). The still ill-defined complexity of 
the network harbors the potential of unanticipated local and systemic side effects. 
Therefore, immunosuppression, not augmentation, may trigger clinically favorable 
effects which can establish an advantageous factor associated with chemotherapy or 
transplantation-linked immunosuppressive therapy (61, 62). To emphasize that 
immunomodulation can indeed have a bad side that must not be irresponsibly 
neglected or carelessly played down, we point out that common human cancer types 
have been convincingly shown to be stimulated by auto- or paracrine mechanisms. The 
set of lectin-triggered cytokines increases estrogen synthesis in breast cancer cells (63) 
and proliferation of ovarian cancer cells (64, 65)', interleukin-6 and tumor necrosis 
factor-a can additively stimulate the proliferation of non-Hodgkin's lymphoma cells 
(66); two interleukins promote growth of colorectal carcinoma cells (67); and 
interleukin-6 can positively affect growth of renal cell carcinoma, cervical carcinoma, 
hairy cell leukemia, and myeloma cells in vitro (68-70). 

Although these in vitro results certainly have a limited range of relevance for 
the in vivo situation, it is unquestionable that a further increase of cytokine production 
in a situation, where this factor is adversely correlated to prognosis, is not advised. For 
example, an increased interleukin-6 level is supposed to be a negative prognostic 
indicator in patients with ovarian carcinoma, metastatic renal cell carcinoma, non-small 
cell lung carcinoma, and multiple myeloma (71-74). Inherent heterogeneity of cytokine 
receptor expression and responsiveness to the lectin are quite troublesome factors to 
be carefully reckoned with to attain the long-range goal of a custom-made therapeutic 
program for the individual patient (75). Especially in advanced stages, where 
unconventional methods are often applied as supposedly harmless "placebos," a 
connection to cachexia should not be excluded. It is actually known from experimental 
systems that interleukin-1, interleukin-6, and tumor necrosis factor-a are involved in 
progression of tumor cachexia, and that interleukin-6 can be implicated in the 
nutritional status of patients with malignant mesothelioma and esophageal squamous 
cell carcinoma (76-79). Furthermore, promotion of angiogenesis by tumor necrosis 
factor-a at low doses can aggravate the clinical perspective (80). 
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The essential role of interleukin-6 for B cell neoplasms in vivo, which can be 
counteracted by cytokine-specific or cytokine receptor-specific antibodies of clinical 
potential, and the in vivo demonstration of its growth-stimulatory effect for advanced-
stage human melanoma cells, attest to the importance of considering all aspects of the 
functions of pleiotropic cytokines (81-83). Although there is a publication bias 
towards reporting individual cases displaying an unfavorable response—due to the 
lack to unequivocal proof of relevance from large study groups—it should make us 
trunk that the clinical course of two patients with advanced solid tumors appeared to 
worsen during treatment with recombinant interleukin-6 (84). Similar casuistic 
evidence led to the recommendation to avoid mistletoe application for leukemia and 
lymphoma patients (85). Notably, in response to a critical commentary, representatives 
of one commercial distributor publicly shared this view (86). 

Conclusions 

As emphasized elsewhere (37), "there is no reason why the burden of proof for clinical 
efficiency and lack of harmful effects should be less in this area than for any drug in 
mainstream medicine." The indisputable primum non nocere (first of all, do not harm) 
must not be compromised by any treatment modalities. In order to provide an optimal 
standard of quality, the evaluation of lectin-dependent immunomodulation requires 
extensive work in in vitro systems with murine and human tumor material, in order to 
dissect responses in this microenvironment for individual tumor types and, if favorable, 
in strictly controlled clinical trials with close-meshed tumor marker monitoring. 
Furthermore, each tumor type should necessarily be analyzed as a separate entity with 
no unwarranted generalizations. It is our firm conviction that a great deal of exper
imental and, if promising, clinical work lies ahead to reliably separate the good, 
neutral, or even bad sides of the complex, pleiotropic, and presently ill-defined, 
interaction of the lectin-dependent immune parameters with the individual tumor. As 
commentaries on other phytopreparations, homeopathic practice, and Kampo (Chinese 
herbal products used in Japan) medicine similarly reveal (87-90), the notion of a risk-
free application of the suggestively called "gentle medicines" is untenable. In the 
interest of the patients, this notion should be replaced by credible, generally accepted 
facts. It appears logical to us that evidence for efficacy and safety should precede the 
general, uncontrolled application and not vice versa. The immanent ethical judgement 
has unequivocally been given by Werning in a noteworthy commentary (97). 
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Chapter 20 

Chemistry and Biology of Hypericum perforatum 
(St. John's Wort) 

Hans D. Reuter 

Siebengebirgsallee 24, D-50939 Köln, Germany 

Hypericum perforatum, besides the hypericins (protohypericin, 
pseudohypericin, cyclopseudohypericin, hypericin), contains additional 
supposed biologically active compounds such as hyperoside, rutin, 
quercitin, and chlorogenic acid. As mechanisms for the antidepressant 
action of Hypericium, an increase in the number of neurotransmitters, an 
inhibition of type A monoamine oxidase (MAO), an inhibition of 
catechol-O-methyl-transferase (COMT), a modulation of cytokine 
expressivity, hormonal effects, and photodynamic effects have been 
discussed. It is still not possible to assign the antidepressant effects of 
Hypericum perforatum to specific constituents. Following the inhibition 
of M A O and COMT by the hypericins, it would seem unlikely that 
inhibition of these enzymes is the main active antidepressant principle of 
Hypericum. Some experiments suggest that the flavonoids are also 
involved in the action of the total extract. From recent investigations it 
can be concluded that the dopaminergic system is involved in the activity 
of Hypericum extract. 

St. John's wort has been used for the treatment of psychiatric disorders for centuries since 
the times of Paracelsus (1493-1541). St. John's wort was then described as "arnica for the 
nerves." Today St. John's wort is one of the most important psychotropic drugs. It is 
widely used in Germany and central Europe for the treatment of psychovegetative 
disturbances, light depressive states, anxiety and/or nervous restlessness, according to the 
drug monograph of the German drug regulatory authorities (1). 

St. John's wort originates from the wild in Europe and western Asia. The drug 
consists of the dried flowering tops. Particularly noteworthy are the yellow to yellow-
brown flowers which under certain circumstances are still present in the form of cymes 
and whose petals are covered with numerous dark dots or streaks. Fifty to sixty stamens 
of each flower are usually fused into three groups. The often shriveled and folded green 
to brownish-green smooth, ovate-elliptic leaves are up to 3.5 cm long, with clearly visible 
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translucent dots. These dots represent oil glands, filled with voatile oil. Because of the 
refractive index of the oil glands differing from that of the other cells, the leaves seem to 
be perforated if they are looked at against the light. From this phenomenon the 
designation Hypericum perforatum is derived. 

Constituents of Hypericum Herb 

The constituents of Hypericum herb (Figure 1) are 0.05-0.3% hypericin and hypericin-
like substances, notably pseudohypericin, isohypericin and the protohypericins. The 
nothern European broad-leaved variety perforatum tends to have less of the hypericins 
than the southern European variety angustifolium D C , the concentration correlating well 
with the leaves oil gland counts. The special structure of the hypericins consisting of a 
system of conjugated double bonds is responsible for their red color and of the rather 
severe phototoxic skin reactions which may occur upon exposure to ultraviolet light after 
applying Hypericum oil topically (2). 

Among the antibiotic substances there are about 3% hyperforin, a phloroglucinol 
derivative structurally related to the bitter substances of hops (2). 

Furthermore, there are flavonoids, especially hyperoside and rutin, and 2,3,6,7-
tetrahydroxy-xanthone respectively. Hypericum also contains biflavones, particularly 
13,118-biapigenin (0.26%), amentoflavone and small amounts of procyanidins. The 
essential oil (0.05 to 0.3%) consists of n-alkanes, especially C ^ H ^ cc-pinene and other 
monoterpenes. Additionally, there are up to 10% condensed tannins (2). 

When making extracts it must be remembered that hypericin and the 
pseudohypericin are released in very different amounts. Thus, in a hot infusion, 22% of 
pseudohypericin is released within the first 10 minutes, whereas only 6% of the hypericin 
is released, hi the subsequent 60 minutes a further 23% of the pseudohypericin, compared 
to a further 7% of the hypericin, is released. Experiments with extraction at various 
temperatures show that maximum release of pseudohypericin is achieved at 60-80°C, 
above which the yield decreases. Basically, this also applies to hypericin, but both the 
amount released and the temperature sensitivity are lower. With increased methanol 
concentration, the amount of hypericin extracted increases. Pseudohypericin increases 
with 80% methanol and decreases with 100% methanol to 30% of the 80% methanol 
value (3). 

Controlled Clinical Trials 

Despite the long use of Hypericum preparations, systematic investigation for its 
effectiveness against depression has been neglected until approximately 10 years ago. In 
contrast to the development of synthetic drugs, studies into the clinical efficacy and 
tolerability of Hypericum have been performed predominantely while pharmacological 
investigations were conducted merely as supplementary measures. To date, there have 
been about 30 controlled trials with Hypericum extracts, involving over 1500 depressive 
patients with daily dosages of 900 mg for between 28 and 42 days. They have confirmed 
the antidepressant action of Hypericum extracts, especially that of LI 160 or Jarsin. The 
extract LI 160 is characterized phytochemically as follows: 100 mg extract containing 300 
pg hypericins. Trials comparing the effects of this preparation and maprotilin showed 
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Figure 1. Constituents of Hyperici herba. 
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similar depression-relieving and mood-lifting effects in both products, whereas 
maprotilin showed a more pronounced sedative action (4, 5). Jarsin, with its action 
spectrum of slightly stimulative and very slightly sedative components, is very similar to 
imipramin (6). 

Despite proof of the therapeutic efficacy of St. John's wort in patients with mild 
depressions the mechanism of the antidepressant effect is still unclear. The latest issue of 
the Comission E drug monograph of the German drug regulatory authorities dates from 
1984 (1). This monograph recommends as a "medium daily dose for internal use: 2-4 g 
dried extract or 0.2-1.0 mg total hypericin in other forms of administration". It thus 
regards hypericin as the definitive active constituent. However, due to the subsequent 
availability of improved analytical and pharmacological experiments, we must now 
assume that the hypericins (proto-hypericins, pseudohypericins, cyclopseudohypericins, 
hypericin) are not the only important active constituents in Hypericum perforatum. As 
active substances also hyperoside, rutin, quercitin, hyperforin and chlorogenic acid must 
be considered. 

Proposed Mechanisms for the Antidepressant Action of Hypericum and Animal 
Models 

The following mechanisms are being discussed for the antidepressant action of St. John's 
wort: 
- Increase in the number of neurotransmitters (7) 
- Inhibition of type A monoamine oxidase (8) 
- Inhibition of catechol-O-methyltransferase (9) 
- Modulation of cytokine expressivity (10) 
- Hormonal effects (12) 
- Photodynamic effects, as in light therapy (13) 

The following animal experiments have been performed for the determination of the 
antidepressant action of St John's wort: 
- Exploration behaviour in unfamiliar environments (mice) (14) 
- Ethanol sleep period (mice) (14) 
- Action of reserpine (mice) (14) 
- Behaviour on the waterwheel (aggression of isolated male mice) (14) 
- Clonidine depression (gerbils) (14) 
- Forced swimming test (Porsolt) (12) 

The Amine Theory: Inhibition of MAO and COMT by Hypericum Extract Fractions 

One of the theories concerning the mechanism of action of Hypericum extracts is the so-
called amine theory (15). It is based on the fact that in endogeneous depression an 
insufficient monoaminergic postsynaptic excitation-preferably by epinephrine and 
serotonin-is seen. The therapeutic effects of Hypericum extracts could be explained by 
either blocking the reuptake of serotonin and/or norepinephrine into the presynaptic 
nerve endings and/or by inhibiting the decomposition of epinephrine. By inhibiting the 
enzymes responsible for this process the levels of epinephrine could be increased. By the 
successive action of M A O and COMT, norepinephrine is transformed either to 3,4-
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dihydroxymandelic acid or to vanillin-mandelic acid (Figure 2). The function of 
norepinephrine in the synapses, representing the contact place between the nerve cells 
and e.g. the sensory cells is demonstrated in Figure 3. Norepinephrine is located in the 
presynaptic vesicles and from there diffuses into the synaptic gap. At the postsynaptic 
membrane it induces an alteration of its permeability for ions which on their part modify 
the bioelectric polarisation of the membrane. By the enzymatic decomposition of the 
neurotransmitter, which also may consist of dopamine, serotonin, and G A B A (garnma-
aminobutyric acid) the neurotransmitter effect is rapidly abolished and a repolarisation of 
the membrane takes place. 

Thiede (9) has investigated the inhibiting potential of several fractions of a 
Hypericum extract. The fractions 1-6 were obtained by extraction with different solvents 
resulting in the isolation of the components of the essential oil (Table I). 

Table I. Solvents used for the preparation of extracts from 100 mg Hypericum 
perforatum and composition of the fractions obtained. Fractions obtained are 
characterized by the total amounts in mg and in % of the total amounts present in 
the original extract (9). 

Fraction 1: Solvent: petrol ethenether 1:1 yields 37 mg (2%) lipid-soluble 
components such as n-alkenes, pinene and other compounds of the essential oil 
Fraction 2: Solvent: ether yields 66 mg (3%) lipid soluble components 
Fraction 3: Solvent: ether.acetone = 8:2 yields 34 mg (2%) lipid-soluble 
components as fraction 1 
Fraction 4: Solvent: acetone yields 47 mg (2%), little hypericin and flavonols 
Fraction 5: Solvent: methanohacetone (1:1) = yields 189 mg (8%) hypericin, 
little flavonols 
Fraction 6: solvent: methanol yields 1824 mg (83%) flavonoids, flavone 
glycosides, xanthones 

By comparing the composition of the fractions with their ability to inhibit M A O 
and COMT, it becomes evident that St John's wort extract only inhibits M A O and COMT 
activity at relatively high concentrations (Table II). The COMT inhibition is mainly due 
to the flavonoids or flavone glycosides. The M A O inhibition, due to as yet unidentified 
constituents, can be observed in all high concentrations of St John's wort extract fractions. 
The M A O inhibition caused by isolated hypericin is considerably less than that of the 
total extract. Only at therapeutically irrelevant high doses of total extract (10"3- 10A M) can 
an essential inhibition of M A O , but not of COMT, be seen. From these findings it can be 
concluded that the effect of the extract on norepinephrine metabolism is not only due to 
hypericin, and that inhibition of M A O and COMT is not the main mechanism by which 
Hypericum extracts exert their therapeutic effects (9). 
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Figure 2. Decomposition of norepinephrine (MAO = monoamine oxidase, 
COMT = catecholarnine-O-methyltransferase). 
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Figure 3. Metabolism of epinephrine in the synapses. 
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Table IL Inhibition (%) of MAO (M) and COMT (C) in vitro by extracts from 
Hypericum perforatum. For extracts and fractions, the mean mol mass of substance 
mixtures was taken as that of hypericin, i.e. 502 (9). 

Concentration (M) io- 3 10^ IO"5 io- 6 

M c M c M c M C 
Solvent 12 0 0 0 0 0 0 0 
Hypericin 25 0 2 0 0 0 0 0 
Hypericum extract 68 - 27 35 0 0 0 0 
Extract traction 1 39 11 16 7 5 6 0 0 
Extract fraction 2 39 0 0 0 0 0 0 0 
Extract fraction 3 71 10 29 0 13 0 0 0 
Extract fraction 4 51 0 4 0 0 0 0 0 
Extract fraction 5 59 83 5 16 0 0 0 0 
Extract fraction 6 42 93 5 21 0 4 0 0 

Results from experiments by Bladt and Wagner (8) on the M A O inhibition of 
hypericins and St John's wort fractions are essentially the same as those found by Thiede 
(9). Of the various St. John's wort constituents quercetin, luteolin and kaempherol, found 
in concentrations of about 10"5 M , demonstrated the highest inhibitory action (80-95%). 
Similar inhibition was shown by xanthones (70-90%) and hydroxyxanthones (60-80%). 
1,3 Dihydroxyxanthone showed inhibition in concentrations of 10"3 M (70%) to 10* M 
(40%). The phloroglucin derivative, hyperforine, which occurs in St. John's wort in 
concentrations of about 3% showed only weak inhibition of less than 20% at a 
concentration of 10"5 M . At this same molar concentration, quercitrin was the only polar 
compound to demonstrate inhibition (65%) whilst the phenol carboxylic acids showed no 
effect. The total hypericin fraction only showed an inhibitory effect (70%) at a high 
concentration of 10"3 M . At 104 M both the total hypericin extract and pure hypericin 
showed less than 10% M A O inhibition, contrary to the 27% inhibition by the extract 
reported by others (Table II). These findings again establish that hypericins cannot be 
regarded as inhibitors of M A O . 

While the amine-theory can explain the mode of action of the classical 
antidepressants, it is insufficient to explain the therapeutic effect of Hypericum extracts. 
Especially the latency period of several weeks between drug application and 
antidepressant effect can not be explained on the basis of this theory. 

Effect of Hypericum Extract on the Expression of Serotonin Receptors 

In addition to an increased availability of the neurotransmitter, i.e. by inhibition of M A O , 
the antidepressant effects of Hypericum extracts could be explained by a decrease in the 
number of serotonin receptors. Muller and Rossol (7) investigated the effect of 
Hypericum extract on the expression of serotonin receptors using a neuroblastoma cell 
line to establish a model for the regulation of neurotransmitters by immunologically 
active compounds such as cytokines. The cells were incubated with the Hypericum 
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extract LI 160 for 2,4,6,8 and 10 hours, then washed. Examination of the cells by means 
of fluorescence microscopy showed maximum reduction of the expression of the 
serotonin receptors after 6 hours of incubation. Also by diluted extract solutions a 
distinct reduction of receptor expression occured. From the LI160-induced reduction of 
the serotonin receptor availability, resulting in a decreased reuptake of the 
neurotransmitter into the cell, the authors conclude a possible mechanism of the 
antidepressant effect of the Hypericum extract. Contrary to the classical antidepressants, 
which bind to the receptor, it is suggested that neighboring epitopes of the serotonin 
receptors are occupied by the constituents of Hypericum, with subsequent masking of the 
receptors. 

The Macrophage Theory of Depression 

Besides direct effects on neurotransmitter metabolism, indirect effects mediated by 
immune modulators have been proposed for the antidepressant effects of Hypericum 
extract. The immune system and the nervous system are the only biological systems 
which are equipped with the ability of a memory. These systems are characterized by 
numerous regulatory interactions and biochemical correspondence. Important molecules 
are produced together by both systems, excreted and recognized as active substances such 
as endorphins, ACTH (adrenocorticotropic hormone), ADH (antidiuretic hormone) and 
others. Provided that the constituents of the Hypericum extract can not penetrate the 
blood-cerebrospinal fluid-barrier, their primary point of attack would be located outside 
of the central nervous system. The effect must then be mediated by CSF-penetrating 
substances. In this case effects on the cells of the immune system, such as lymphocytes 
and monocytes, could be expected. Taking into consideration these interactions between 
the immune system and the nervous system, the following mechanism could be supposed: 
stimulation of monocytes induces release of IL-6 (interleukin-6) which in turn influences, 
via the corticotropin releasing hormone and the lymphocytes, the release of ACTH. 
ACTH then induces the release of Cortisol which converts the normal emotional state into 
a depressive one (10). 

In his macrophage theory of depression, Smith (16) has suggested that in 
predisposed subjects, monocyte-interleukins are able to induce all symptoms of 
depressive states. Therefore, various specific or unspecific stimuli of monocuclear cells, 
such as infections, allergies, and estrogens, would induce an increase of interleukine-
levels resulting in mental changes (Figure 4). 

Based on these considerations Thiele and coworkers (10) investigated the effect 
of Hypericum extract on the stimulated cytokine expression in vitro in a whole blood 
culture system. The assessment of the PHA(phytohemagglutinin)- and lipopoly-
saccharide-stimulated and unstimulated release of the cytokines interleukin IB, 
interleukin 6 and tumor-ncrose-factor-a (TNF-a) was performed with anticoagulated 
blood from 4 healthy and 4 depressive patients. Hypericum extract LI 160 significantly 
depressed the release of IL-6 stimulated by phytohemagglutinin and lipopolysaccharide 
by 92, 89, 90 and 97% in healthy persons and by 39, 95, 87 and 94% in depressive 
patients. In contrast to the stimulated release of IL-6, the release of IL-1B and TNF-a was 
influenced to a lesser extent. Furthermore, investigations of Muller and Rossol (7) have 
shown an increased expression of IL-1 on neurodermal cells, pointing out that also IL-1 
directly takes part in the neuronal control. 
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Figure 4. Modulation of cytokine expression by the Hypericum extract LI 160. 
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Central Effects of Hypericum Extracts, Being Mediated by the Dopaminergic System 

In vivo, Okpanyi and Weischer (14) were able to demonstrate a prolongation of an 
anaesthesia by ethanol, an increase of the spontaneous motility, a partial reserpin 
antagonism, and a suppression of the aggression behaviour of isolated male mice. 
However, these experiments have been critisized in so far as the Hypericum extract used 
had not been characterized phytochemically, the extract was applied in high doses, 50% 
propanediol was used as solvent, and hypericin as reference substance had not been 
applied by the oral route such as the Hypericum extract, but was given intraperitoneally. 

More recently a series of pharmacological trials were performed to confirm the 
assumption that Hypericum extracts exert a central effect and that these effects are 
mediated by the dopaminergic system. 

Investigations of Winterhoff and coworkers (11) have shown that Hypericum 
extract in mice induces an increase in body temperature. The increase is significant one 
hour after the application of 250 and 500 mg Hypericum extract per kg body weight. The 
temperature remains elevated above the initial temperature for 4 hours. These changes of 
body temperature indicate that oral Hypericum extract exerts central effects. 

These indications of a central effect of Hypericum were further investigated in 
other experimental approaches by Winterhoff and coworkers (12). A standard model for 
the assessment of the central effects of drugs is to measure the influence on the ketamine 
induced sleeping time. Pretreatment of female mice with 50, 200 and 500 mg/kg 
Hypericum extract results in a dose-related shortening of the sleeping time. The effect 
was significant with 200 mg extract and highly significant with 500 mg. A somewhat 
smaller effect was seen after pretreating the animals with concentrations of pure hypericin 
of 0.15,0.6 and 1.5 mg/kg. The mean duration of anaesthesia by the extract was shortened 
by 4.3%, 18.9% and 36.5%, by hypericin at concentrations corresponding to that of the 
extract by 2%, 9% and 22.4%. The same effect as by 500 mg Hypericum extract was seen 
with 20 mg/kg bupropione. Pretreatment of the animals with the unspecific dopamine 
receptor blocker haloperidol and with the specific D2-receptor sulpiride completely 
abolished the effects of Hypericum extract and bupropione. 

A more specific method for testing the antidepressant effect of drugs is the forced 
swimming test according to Porsolt (17). The method is based on the observation that a 
rat, when forced to swim in a situation from which there is no escape, will become 
immobile making only those movements neccessary to keep its head above the water. 
Hypericum extract caused a reduction in immobility time which was significant at 125 
mg/kg. Further increasing the concentration did not result in an stronger inhibition. Again 
20 mg bupoprione proved to be active (12). 

From the fact that the anti-immobility effect of Hypericum extract observed 
during the forced swimming test and the Hypericum-induced decrease of the ketamine 
induced sleeping time are antagonized by the unspecific dopamine receptor blocker 
haloperidol as well as by the specific D2-receptor sulpiride, it can be concluded that the 
dopaminergic system is involved in the activity of the Hypericum extract LI 160. These 
results are in good accordance with the findings of Winterhoff et al. (12) that prolactin 
levels are reduced after repeated application of Hypericum extract. This also reflects a 
dopaminergic effect. 
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Conclusions 

Summarizing the results of the various pharmacological investigations done so far the 
following conclusions can be made: 
1. The inhibition of monoamine oxidase does not seem to be the main principle of the 
antidepressant effect of Hypericum extract. Based on the composition of the extract, the 
hypericins do not influence M A O activity at therapeutically used doses in a clinically 
relevant manner. Other constituents, such as the flavonoids, have a distinctly stronger 
effect on M A O . 
2. Hypericum extract decreases the expresison of serotonin reseptors in the CNS. The 
constituents which are responsible for this effect have not been identified so far. 
3. Besides direct effects on neurotransmitter metabolism, indirect effects mediated by 
immune modulators seem to play a role in the antidepressant effect of Hypericum extract. 
Thus, Hypericum extract significantly depressed the stimulated release of IL-6, which in 
turn influences, via the corticotropin releasing hormone and the lymphocytes, the release 
of A C T H . ACTH then induces the release of Cortisol, which converts the normal 
emotional state into a depressive one. 
4. From the results of investigating the effects of Hypericum extract on the ketamine 
induced sleeping time and the forced swimming test it can be concluded that the 
dopaminergic system is involved in the activity of Hypericum extract. 
5. Further investigations are necessary to identify the constituents of Hypericum which 
are responsible for its antidepressant effects. 
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Chapter 21 

Vitex agnus-castus (Chaste Tree): Pharmacological 
and Clinical Data 

H. Winterhoff 

Institute of Pharmocology and Toxicology, University of Münster, Domagkstrasse 
12, D-48149 Münster, Germany 

The medicinal use of extracts from Vitex agnus-castus has a long 
tradition. The use in ,,disturbances of the female genital system" was 
first reported more than two thousand years ago. Nowadays ethanolic 
extracts from the fruit are used for the treatment of mastopathy, 
premenstrual syndrome and luteal insufficiency—complaints caused by 
a mild or a latent hyperprolactinemia. The mode of action of Vitex 
agnus-castus extracts was studied in vitro using primary cultures from 
rat pituitaries as a test system. A dose dependent reduction of prolactin 
secretion was observed. The effect could be blocked by the dopamine
-receptor antagonist, haloperidol, confirming a dopamine agonistic 
activity of the drug. The prolactin lowering effect of Vitex agnus-castus 
was also found in in vivo experiments in rats. Clinical studies in patients 
with premenstrual syndrome, luteal insufficiency, and mastopathy 
show a simultaneous decrease in the clinical syndrome score and 
prolactin levels. 

Vitex agnus-castus is a shrub belonging to the family of Verbenaceae which is 
widespread in the Mediterranean region and in Asia. As is the case for a considerable 
number of medicinal plants described, e.g. in the German Pharmacopoeia, the plant 
was used anciently as an herbal remedy. 

The medicinal use of Vitex agnus-castus was mentioned by Dioskurides, 
Hippokrates, Plinius, and Galen. Even at that time the plant was namely used for the 
treatment of "dysregulations of the female genital system." Moreover, the shrub was a 
symbol of chastity. The Greek goddess Hera is said to have been born under an 
Agnus-castus shrub. The vestal virgins carried branches of Vitex agnus-castus. 
Accordingly, in the Middle Ages at the robing ceremony of novices, the way to the 
monastery was sprinkled with flowers from Vitex agnus-castus. The fruit of the plant, 
which smell and taste like pepper, was used by the monks as a spice and as an 
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anaphrodisiac. In addition, the fruit was said to be useful not only in diverse 
disturbances of the female genital system but were also used as a lactogen, as an 
anorectic, as a hypnotic, and for dyspepsia (1). 

The fruit is also the part of the plant which is used nowadays. In the monograph 
of the Commission E, a daily dosage of 30-40 mg of an ethanolic extract of the fruit of 
Vitex agnus-castus is recommended for the treatment of the premenstrual syndrome, 
luteal phase defects and other disturbances of the menstrual cycle, as well for the 
treatment of mastodynia (2). 

Though such symptoms have been treated with extracts of Vitex agnus-castus for 
many years, the mode of action was not determined until much later. One prerequisite 
for this was the discovery of the occurrence and the physiological meaning of prolactin 
in men about 30 years ago. Shortly after this finding, the pathophysiogical meaning of 
hyperprolactinernia was discovered. In a considerable number of women with 
anovulatory (no ovum discharged) cycles and sterility, increased basal prolactin levels 
were found. Subsequently, hyperprolactinernia turned out to be rather widespread in 
women and to be one of the most common reasons for infertility (5). In women with 
manifest hyperprolactinernia, often a correlation between the severity of the clinical 
findings and the prolactin levels is found (4). 

Later it became apparent that even minor changes of prolactin synthesis and/or 
secretion cause pathophysiological changes in the women concerned. In patients with 
such a "latent hyperprolactinernia," basal prolactin levels in the normal range are 
found; whereas, the prolactin increase following thyrotropin releasing hormone (TRH) 
stimulation is augmented. Furthermore, the nocturnal prolactin rise increases and/or 
the progesterone levels are found to decrease. The clinical signs are mastopathy, 
disturbances of the menstrual cycle, or even sterility. In 50% of the patients suffering 
from luteal phase defects, a manifest or only a latent hyperprolactinernia is diagnosed. 
In a study from 1992, Aisaka et aL diagnosed in 62% of 753 infertile women a latent 
hyperprolactinernia identified by a diminished progesterone phase of the cycle, an 
augmented prolactin increase following TRH application, or an increased nocturnal 
prolactin rise (5). 

Pituitary prolactin secretion is regulated mainly negatively by dopamine—the 
prolactin inhibiting factor—which is mediated mainly by D 2 receptors. Various 
peptides, such as TRH and VIP (vasoactive intestinal peptide), stimulate prolactin 
release in pharmacological dosages, but their physiological role is still controversial. 

Shortly after finding that hyperprolactinernia was the cause for a substantial part 
of unexplained sterility, a treatment for this pathological state was discovered— 
bromocriptine, a dopamine-agonistic drug derived from ergot. Several thousand 
children, in the meantime, owe their life to the treatment of their mothers with 
bromocriptine and other dopamine agonistic drugs. While doparnine agonists are 
indicated in medical treatment of manifest hyperprolactinernia, Vitex agnus-castus may 
be useful in treatment of latent hyperprolactinernia. 

In mild forms of hyperprolactinernia, all the rather nonspecific symptoms are 
found which are indications for Vitex agnus-castus. Correspondingly, the efficacy of 
Vitex agnus-castus preparations, e.g. in patients with luteal insufficiency, was reported 
in the older literature, suggesting a prolactin lowering effect by a dopaminergic 
activity. 
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A number of experimental and clinical studies support the assumption that Vitex 
agnus-castus reduces the circulating prolactin levels by a dopaminergic mode of 
action. 

In Vitro Studies 

As a test system primary rat pituitary cell cultures have been used. For the in vitro 
investigations a hydroethanolic extract from Vitex agnus castus and the commercial 
preparation, MastodynonR (which also contains, besides the main constituent Vitex 
agnus-castus extract, diluted extracts from Iris, Lilium, Cyclamen, Caulophyllum, and 
Ignatia) were freed from ethanol under reduced pressure, and the resulting precipitate 
was removed. As shown in Figure 1, the water soluble constituents from Vitex agnus-
castus as well as those from MastodynonR reduced both the basal and the TRH-
stimulated prolactin secretion. The effect was comparable to that of the reference 
substance dopamine (6, 7, 9). 

Since the vitality of the cells proved to be unchanged, toxic effects as the reason 
for the reduced prolactin secretion could be excluded (7). Subsequently, diverse 
concentrations of both preparations were tested in the same test system. A dose-
dependent reduction of prolactin release was observed (Figure 2, open bars). The 
effect was markedly reduced by the dopamine receptor antagonist, haloperidol (Figure 
2, black bars). This confirms the assumption that Vitex agnus-castus exerts a 
dopaminergic activity. The effect of the preparation Mastodynon R was comparable, 
and it was shown that Vitex agnus-castus is responsible for its activity. 

By repeating these experiments, the authors confirmed a dose-dependent effect of 
the extract. Moreover, the inhibition of prolactin secretion seemed to be a specific 
activity as neither FSH- nor L H - secretion were changed by the Vitex agnus-castus 
extract (7). 

The effects of Vitex agnus-castus were reinvestigated by Sliutz et aL in 1993 
using the same in vitro test system. They also found a dose dependent reduction of 
prolactin release under basal conditions, as well as following TRH stimulation— 
maximal inhibition by Vitex agnus-castus extract was found at a concentration of 460 
pg/mL. As a reference substance, lisuride was used. The effects of the plant extract, as 
well as that of lisuride, could be blocked by haloperidol, confirming the hypothesis that 
Vitex agnus-castus acts as a dopaminergic drug (#). 

The D 2 receptor, which mediates the effects of dopamine on prolactin release, is 
amply expressed in the corpus striatum of mammals. Hence, plasma membrane 
preparations of striatal tissue can be used as a source for this receptor. In vitro studies 
with such membrane preparations, using radioactive sulpiride (a D 2 receptor 
antagonist) as a ligand, showed a very high potency of constituents from Vitex agnus-
castus to displace the ligand from this receptor. In addition, a marked affinity to the Di 
receptor was found (9). 

To check the relevance of these in vitro findings, the effect of Vitex agnus-castus 
on prolactin release was studied in vivo. 
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Figure 1. Prolactin secretion in vitro: effects of MastodynonR N and Vitex agnus-
castuson primary cultured rat pituitary cells. (Reproduced from Ref. 9 with 
permission, Copyright 1995, Steinkopff Verlag, Darmstadt.) 
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Figure 2. Dose-dependent inhibition of prolactin secretion from primary cultured 
rat pituitary cells by the water soluble constituents of Vitex agnus-castus (AC) 
and suppression of the effects by the nonspecific dopamine (DA) antagonist, 
haloperidol (Hal). (Reproduced from Ref. 9 with permission, Copyright 1995, 
Steinkopff Verlag, Darmstadt.) 
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Animal Experiments 

Animals with inserted jugular vein catheters have been studied. In such animals blood 
samples can be drawn repeatedly without causing pronounced stress. This is of specific 
importance when studying effects on prolactin levels, since prolactin is a "stress 
hormone," being released in response to any stressful situation. 

Pretreatment values show the basal prolactin values (Figure 3). Vitex agnus-
castus extract or physiological saline were injected intravenously, and 15 minutes later 
the rats were exposed to an ether stress. As shown in the figure, ether exposure 
causes a quick and pronounced increase in prolactin levels. This increase was clearly 
less pronounced in the Agnus-castus group, indicating an inhibition of prolactin 
secretion in vivo as well In a similar experiment, the prolactin increase following 
handling-stress was completely abolished by pretreatment with the plant extract. Both 
experiments clearly indicate an inhibition of prolactin secretion in vivo (6, 9). 

As indirect proof for the prolactin lowering effect of Vitex agnus-castus, the 
inhibition of lactation was studied. This experimental design was used by Fluckiger et 
al. (70) to study the effects of bromocriptine. Postpartum lactating rats were injected 
subcutaneously once daily from day 5 to day 8 with physiological saline, 5 mg/kg 
bromocriptine, or with 2x50 mg of the water soluble constituents of Vitex agnus-
castus. In the pubs, milkspots can be seen when the stomach is filled with milk. The 
extract from Vitex agnus-castus, as well as bromocriptine, caused an increase in the 
number of pubs without milk spots and an increase in mortality of the pubs, 
presumably as a consequence of a reduced milk production in the mothers (Figure 4). 
This finding is not only in good accordance with the prolactin lowering effect of Vitex 
agnus-castus measured radioimmunulogically in vivo, it also confirms that indeed the 
biological activity was simultaneously reduced (77). The effects presented thus far can 
be explained by a direct dopaminergic action of the drug, as well as by an indirect 
effect mediated by an increased hypothalamic dopamine secretion. 

Studies in hypothalamus-lesioned rats should resolve this question. Animals in 
which the hypothalamus is lesioned electrochemically cannot release hypothalamic 
dopamine. Consequently, they have high basal prolactin levels. In such animals, the 
intravenous injection of a purified fraction of a Vitex agnus-castus extract caused a 
pronounced and long lasting decrease in prolactin levels. This experiment shows 
clearly that Vitex agnus-castus exerts dopaminergic activity at the pituitary level; 
however, an indirect effect, by increasing the endogenous dopamine secretion, could 
be ruled out (9). 

After demonstrating the activity of Vitex agnus-castus by both in vitro and in vivo 
experiments, it was most important to prove the clinical efficacy. 

Clinical Studies 

A considerable number of older clinical studies were performed with Vitex agnus-
castus preparations in patients with diverse disturbances of the menstrual cycle. 

In one study, 49 patients with secondary amenorrhoe were treated over a period 
from six weeks up to 46 months. In 40 of the patients menstruation reappeared, while 
only in nine patients did the treatment fail. In the same study with 59 patients with 
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Figure 3. Time course of prolactin secretion in male rats with inserted jugular 
catheters. After three pretreatment values (-75 to -15 min), the animals received 
60 mg Vitex agnus-castus (AC) extract or physiological saline Lv. After an 
additional 15 min, the animals were exposed to an ether stress for 30 s. The 
clearly less pronounced prolactin increase following Agnus castas indicates an 
inhibitory effect under in vivo conditions. (Reproduced from Ref. 9 with 
permission, Copyright 1995, Steinkopff Verlag, Darmstadt.) 
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Figure 4. Treatment of lactating rats with bromocriptine (5 mg/kg) or Vitex 
agnus castus (50 mg/kg) on days 5-8 postpartum. Cumulative number of pups 
with and without milk spots, as well as dead animals. (Reproduced from Ref. 11 
with permission, Copyright 1991, Hippokrates-Verlag, Stuttgart.) 
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oligomenorrhoe, 88% of the patients experienced clearly shortened intervals between 
bleedings. A comparable therapeutic outcome was reported for the treatment of 
polymenorrhoe with Vitex agnus-castus. In 62 of 70 women, the treatment proved to 
be effective (72). 

Comparable positive results were also obtained in patients with premenstrual 
syndrome (PMS). In a total of 36 women, a number of physical and psychological 
symptoms, e.g. headache, tension of the breast, tiredness, anxiousness, and depression 
were judged before and following three months of treatment. In addition, the length of 
the luteal phase was determined as the period of increased temperature. The period of 
the luteal phase was lengthened significantly from 5.5 ± 3.8 d to 11.4 ±1.5 d, while the 
symptom score reduced significantly under the treatment (72). Further investigations 
were performed by several practitioners with a total of 1542 patients with PMS. The 
patients were treated for an average of 166 days, with 33 % of the patients reported to 
be completely cured, while in 57 % the symptoms were clearly reduced. Only 4% 
reported no improvement; for another 5% no data could be obtained; and 2.1% of the 
patients terminated the treatment because of unwanted side effects (73). None of the 
studies were double-blinded, nor were prolactin levels determined. Though such 
studies have to be completed by additional investigations, the pronounced therapeutic 
success gives hints of activity for the extract 

In recent studies, hormonal parameters have been determined in addition to 
general symptoms. In one study, 45 infertile normoprolactinemic women were treated 
over a period of at least three menstrual cycles with 40 drops of an ethanolic extract 
from Vitex agnus-castus daily. Al l patients had pathologically low progesterone levels 
at day 20. The outcome of the treatment was judged by means of the frequency of 
increased progesterone levels and on the extension of the hyperthermic phase. In 39 
patients the treatment proved to be effective, and seven of the patients even became 
pregnant during the treatment {14). 

In a double-blind study, a total of 93 patients with mastopathy were treated over a 
period of 4 cycles with a dose of 30 drops of MastodynonR twice daily. The 
complaints score was significantly reduced in the verum group, and the prolactin levels 
were also reduced (75). 

In 13 patients with disturbances of the menstrual cycle, a three-month treatment 
with MastodynonR caused a clear decrease of the prolactin levels as well as a 
normalization of the cycle (76). 

Patjents with luteal phase defects due to a latent hyperprolactinernia were treated 
for three months with a daily dosage of 20 mg of an ethanolic extract of Vitex agnus-
castus (n = 17) or placebo (n=20). This relatively low dose was chosen corresponding 
to the first monograph on Vitex agnus-castus. The latent prolactinemia was confirmed 
by an augmented prolactin increase following TRH injection, a shortened luteal phase, 
and low midcycle progesterone levels. After the treatment period a clear difference 
between the placebo and the verum group became obvious—in the verum group the 
TRH-induced prolactin increase was less pronounced, the length of the luteal phase 
was increased significantly, and the progesterone levels increased (77). 

A good efficacy was reported repeatedly for premenstrual mastodynia, which is 
often caused by a latent hyperprolactinernia and associated with corpus luteum 
insufficiency. In those patients the latent hyperprolactinernia often causes complaints 
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at the end of the luteal phase when the inhibitory effect of progesterone is removed 
and the prolactin secretion is increased. Such patients were treated for a three-month 
period with MastodynonR or placebo in a multicenter study. Whereas placebo caused 
only minor, insignificant changes of the prolactin levels, treatment with the verum 
resulted in a significant decrease in prolactin levels, corifirming the activity of the 
extract (9). 

Twenty healthy male subjects were treated with placebo or with three different 
doses of an ethanolic extract from Vitex agnus-castus corresponding to 120, 240 or 
480 mg drug/day successively over 14-day periods. The daily dose was given in three 
adrninistrations, with a wash-out phase of at least one week. Basal and TRH-
stimulated prolactin values were slightly reduced following the higher doses, whereas 
following the low dose an increased basal and stimulated prolactin level was 
determined (18, 79). At the moment it is uncertain whether the extract indeed contains 
agonistic and antagonistic compounds, as the authors suppose, or whether the effect in 
males cannot fully be compared to that in females. Anyway, in spite of the higher 
doses used, no toxic signs were observed. 

Active Constituents 

One problem that is not yet answered is the identification of the active principle, 
although numerous publications deal with the composition of the fruit from Vitex 
agnus-castus. Flavonoids and the iridoids, agnuside and aucubin, have been identified. 
The fruit contains 0.7-1.2% volatile oil, consisting mainly of the sesquiterpenes, p-
caryophyllene and germacrene B, and of the monoterpenes, a-pinene, sabinene, p-
phellandrene, and variable amounts of 1,8-cineole (20). However, these substances 
cannot be responsible for the biological activity, since water-soluble constituents 
proved to be responsible for the activity (9). Although a fractionation of the water 
soluble fraction was performed and three active fractions were obtained, yet in none of 
these fractions could single compounds be identified. The most active fraction proved 
to be thermolabile, with the activity being lost during storage. This is in clear contrast 
to findings with the original extract, which does not show any loss of activity under the 
same conditions. Maybe this will turn out as a further example of a phytopharmacon in 
which "inactive" constituents prove to be important by improving the stability or 
bioavailabilty of the extract 
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Acid-resistant coating, garlic powder products, 
186 

Active compounds 
classical chemical techniques, 22 
garlic and its metabolites, 192 

Adrenergic system, sympathomimetic action of 
Ginkgo biloba extract, 215 

oc-adrenoceptor blockers, prostate medications, 
64 

Aging 
extracts of chopped garlic, 184-185 
garlic, 202 
ginseng, 229 
odor-forming ability of garlic extracts, 188 

AIDS, low doses of garlic products, 202 
Alchemy Molecular Modeling program, energy-

minimized structures, 54 
Alcoholic liver disease, silymarin, 9 
Alkaloids, toxicity, 23-24 
Alkamides 

Echinacea aerial parts and E. purpurea and E. 
angustifolia roots, 15 If 

lipophilic constituents of E. angustifolia roots, 
150 

Allergic asthma, target-directed methods, 47 
Allergic contact dermatitis, Arnica flowers, 126 
Allergies, sesquiterpene lactones, 24 
Allicin 

absorption and excretion, 190 
antibacterial principle, 5 
anticancer effects, 200 
bacterial resistance, 201-202 
clinical trials and animal studies, 196 
derived compounds in whole blood, 192r 
garlic antimicrobial effects, 176 
lipid-lowering effect, 193-194,195/ 
marker compound, 189 
metabolic fate in humans, 191/ 
serum lipid-lowering effect of garlic cloves, 

194-197 
throat and stomach irritation, 203 
transformation products, 190-192 
yield in garlic powder products, 186-187 

Alliin 
cooked garlic, 191 
sulfur compound in garlic, 180-182 

Alliinase, inhibition, 183 

Allium cepa 
treatment of allergic asthma, 47-49 
see also Onion juice 

Allium ursinum, ACE-inhibiting activity, 57 
Aloe 

fate and metabolism, 111 
laxative potency, 110-111 
research history, 7-8 
source of research, 4f 

Aloeemodin 
influence of anthranoids on chloride or 

potassium channels, 106 
membrane potential, 112/ 

Aloins A/B 
hypothetical scheme of pharmacokinetics, 

114/ 
postulated metabolic relationship, 113f 

Alternative cancer therapy, mistletoe, 278 
Alzheimer's disease, Ginkgo biloba extract, 

217-218 
American Botanical Council 

regulation of herbs and phytomedicines, 31 
translation of Commission E monographs, 30 

Amine theory, Hypericum extracts, 290-294 
Anaesthesia, Hypericum extract, 297 
Angiotensin-converting enzyme (ACE) 

inhibitory activity of compounds isolated, 56f 
regulation of blood pressure, 53 

Anthranoids, mechanism as laxatives, 105 
Anthrones/anthraquinones 

influence on energy metabolism and ion 
transport, 97-116 

sodium-potassium pump and ion cotransport, 
100/ 

sodium-potassium pump and oxidative energy 
metabolism, 104f 

Antiapoptotic activity, Ginkgo biloba extract, 
217 

Antiarrhythmic activity, Crataegus, 247 
Antiasthmatic activity 

screening plant constituents, 47-53 
search for new plant constituents, 46-61 

Antibacterial activity 
allicin, 201-202 
helenalin, dihydrohelenalin, and ester 

derivatives, 122 
Anticancer effects, garlic, 176, 198-200 
Antidepressant action 

Hypericum extracts, 288-290 
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proposed mechanisms for Hypericum, 290 
St. John's wort, 287 

Antiestrogens, prostate medications, 64 
Antifungal activity, helenalin, dihydrohelenalin, 

and ester derivatives, 122 
Antihyperlipidemic activity, helenalin, 125 
Antihypertensive drugs, screening, 53-60 
Antihypertonic activity, search for new plant 

constituents, 46-61 
Anti-immobility effect, Hypericum extract, 297 
Anti-infective properties, cranberry, 8 
Anti-inflammatory activity, panaxynol, 230/ 
Anti-inflammatory polysaccharide, saw 

palmetto, 7 
Anti-ischaemic effect, Crataegus, 247 
Antimicrobial activity, garlic, 176, 201-202 
Antineoplastic activity, helenalin, 
dihydrohelenalin, and ester derivatives, 122 
Antioxidant effects 

garlic, 200-201 
silymarin, 9 

Antiplatelet activity, panaxynol, 230/ 
Antiretroviral agents, secondary metabolites 

from plants, 83-96 
Antisecretory activity, parthenolide content of 

plants, 164 
Antithrombotic effects, crushed garlic cloves, 

197 
Antitumor activity 

chemically modified P-l,3-glucans, 79 
structure of glucans, 78 

Antitumor polysaccharides, immunostimulating 
potential, 74 

Arachidonate release, inhibitory effects of 
feverfew, 166 

Arctigenin 
integration-inhibiting agent in HIV-infected 

cells, 84 
structure/activity relationship, 85-87 
structure/activity relationship of derivatives, 

92 
Arnica flowers 

anti-inflammatory activity, 123 
Arnica chamissonis as alternate source, 126-

127 
chemical constituents, 119-121 
historical uses, 118-119 
pharmacology, toxicology, and analysis of 

sesquiterpene lactones, 118-132 
sesquiterpene lactones, 120/ 

Arthritis, feverfew, 160, 162 
Asia 

antiasthmatic and antiallergic drugs, 52t 
garlic cloves, 176 

Asthma, garlic dust, 203 
Athletic performance, eleuthero, 8 

ATP content, influence of frangulaemodin
anthrone and aloeemodin/anthrone, 
101/ 

ATP generation, anthraquinones or anthrones, 98 
Ayruvedic medicine 

garlic, 178 
uses of Picrorhiza kurroa, 49 
plants with antiasthmatic activity, 53 

Bacteria, crushed garlic, juice, or extract, 201 
Bacterial enzymes, prodrug conversion, 111 
Bee propolis, CAPE as constituent, 85 
Belgium, requirements for herbal medicines, 20 
Benign prostatic hyperplasia (BPH) 

etiology and pathogenesis, 63 
herbal drug treatment, 62-73 
individualized treatment, 72 
monographed and nonmonographed 

phytomedicines, 66/ 
pharmacological treatment with 

phytomedicines, 65/ 
pharmacological treatment with synthetic 

drugs, 64/ 
phytomedicines vs. synthetic drugs, lit 

Bezafibrate, efficacy with garlic powder, 194 
Bible, garlic, 178 
Biliary disorders, turmeric and Javanese 

turmeric, 133 
Bilobalide 

chemical structures, 211/ 
glutamate-induced excitotoxicity, 213f 
neuroprotective effects, 212/ 

Binding capacity, lectin to glycoconjugates, 281 
Biological response modifiers (BRM) 

immunological responses, 75 
mistletoe lectin, 280-281 

Bis-catechols 
HIV-1 integrase inhibitors, 90/ 
lipophilic moiety, 94 

Bitter taste, sesquiterpene lactones, 121 
Blood, allicin metabolism, 190, 191/, 192/ 
Blood coagulation and flow, effects of garlic, 

198 
Blood flow 

Ginkgo biloba extract, 213-214 
peripheral and cerebral, 210 

Blood lipids, garlic, 5 
Blood pressure 

angiotensin II, 53 
Crataegus, 247 
hypotensive effects of garlic, 198 

Blood vessels, relaxation, 214 
Botanicals 
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challenge to regulators, 37 
levels of regulatory recognition, 43 
regulatory climate, 2 
U.S. regulatory perspective, 37-43 

Brain disorders, old age, 210 
Brain energy metabolism, Ginkgo biloba extraci 

214 
Brain function, Ginkgo biloba extract, 210 
Breast milk, garlic, 184 
Breath-acetone studies, triglyceride catabolism, 

194-196 
Breath odor, garlic, 183-184 
Breathlessness, hawthorn/passion flower extract 

249 
Bromocriptine 

hyperprolactinernia treatment, 300 
treatment of lactating rats, 305f 

Bronchitis, E. purpurea expressed juice, 153 
Bronchodilating properties, ephedra, 8 

C 

Cachexia, unconventional methods, 282 
Caffeic acid derivatives, Echinacea aerial parts 

and roots, 144 
Caffeic acid phenethylester (CAPE) 

active derivatives, 92-93 
structure/activity relationship, 85-87 

Caftaric acid, Echinacea species, 144 
Calcium-channel blockers 

mechanism of action, 60 
natural sources, 57-60 
phenylpropanoids, 58f 

Cancer 
Echinacea preparations in adjuvant treatmer 

155 
epidemiological studies on garlic clove 

consumption, 199f 
ethanolic extract of turmeric and ointment ol 

curcumin, 136 
ginseng, 229 
phytotherapeutic immunomodulation, 278-

286 
plant polysaccharides, 74-82 
unproved remedies, 278-279 

Candida infections, E. purpurea 
polysaccharides, 143 

Cape aloe, laxative potency, 111 
Carbohydrate polymers, treating a wide range c 

diseases, 74 
Cardiac muscle contractility, Crataegus, 247 
Cardiac performance, hawthorn, 241 
Cardiotoxic effects, helenalin, 124-125 
Cardiovascular problems 

garlic, 5, 176 

hawthorn, 246 
Cascara, laxative potency, 111 
Catechol(s), antiviral activity, 93-94 
Catechol lignanolides, biogenetic precursors and 

plant sources for semisynthetic 
preparation, 89/ 

Catecholamine-O-methyltransferase, inhibition 
by Hypericum extracts, 294f 

Cation transport, anthranoids, 98 
Cellular metabolism, ginseng, 229 
Cellular proteins, rate of synthesis, 265 
Cellular systems, polysaccharide structure-

related interaction, 81 
Central effects of Hypericum extracts, 

dopaminergic system, 297 
Central nervous system 

Crataegus, 247 
valerian, 10 

Cepaenes, generation and activity, 49 
Cerebral blood flow, Ginkgo biloba extract, 

213-214 
Cerebral dysfunction, Ginkgo biloba extract, 217 
Cerebral insufficiency, Ginkgo biloba extract, 

210 
Cerebral ischemia, neuroprotective effects of 

Ginkgo biloba, 211-213 
Chamissonolides, conformations, 128 
Chamomile, approved use and dosage, 33-34 
Chaste tree, see Vitex agnus-castus 
China 

balance between Ying and Yang, 236 
garlic, 178, 199 
ginseng roots, 222-223 
treatment of allergic asthma, 51 

Chloride channels 
activation or inhibition, 106 
inhibition by anthraquinones/anthrones, 107t 
laxative action, 97, 105-110 

Chloride permeability 
regulatory metabolites, 110 
transport systems, 106 

Cholagogues, remedies to cure biliary disorders, 
133 

Cholesterol biosynthesis, in vitro and in vivo 
inhibition, 197 

Cholesterol-lowering effect 
garlic, 5 
garlic powder and bezafibrate, 194 
placebo-controlled studies, 193-194 

Cholinergic system, pretreatment with Ginkgo 
biloba extract, 215 

Chrysanthenyl acetate, antimigraine effect, 167-
168 

Cichoric acid 
degradation during preparation of alcoholic E. 

purpurea mother tincture, 148/ 
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Echinacea species, 144 
preparations containing E. purpurea expressed 

juices, 149/ 
Circulatory insufficiencies, ginkgo, 6-7 
Cirrhosis of the liver 

silymarin treatment, 9 
survival curves with silymarin, 266/ 

Clinical documentation 
herbal remedies, 18-19 
traditional use, 17 

Codex Galenica 1992, multipreparations of 
Crataegus, 246 

Colon cell, resorption, 105 
Commercial extracts, European market, 24-25 
Commercial oil, crushed garlic cloves, 184 
Commercial preparations, feverfew variability, 

169 
Commission E 

content in Arnica tinctures and infusions, 129 
Curcuma for dyspeptic complaints, 134 
hawthorn, 241 
medicinal plants on German market, 15 
monograph system for phytomedicines, 30-36 
monographs of prostate remedies, 65-71 
restricted use of Arnica flowers, 119 
safety and efficacy of herbal medicines, 31-33 
St. John's wort, 290 
Vitex agnus-castus, 300 

Commission on Dietary Supplement Labels, 
NLEA health claims scheme, 41 

Common cold 
alcoholic extract of E. purpurea roots, 154 
hydroalcoholic tincture of E. pallida roots, 

154 
vitamin C and E. purpurea root extract, 154 

Concentrations, biological effects, 122 
cc-Conidendrin, structure and activity, 87-91 
Constipation, emodin-type anthranoids, 98 
Contact allergy 

Arnica flowers, 126 
helenalin, 125-126 

Contact dermatitis, feverfew, 161 
Contact insecticides, Curcuma xanthorrhiza, 138 
Contraindications, herbal remedies, 32-33 
Cranberry 

research history, 7-8 
source of research, 4t 

Crataegic acid, cardiotonic effect, 246-247 
Crataegus, biological activity and strategies for 

quality control, 241-262 
Crataegus, current analytical work, 252-253 
Crataegus, previous analytical work, 249-252 
Crataegus extracts, mechanism of action, 247 
Crataegus monogyna and Crataegus laevigata, 

leaf shapes, 243/ 
Crude drugs, nonmonographed, 71-72 

Cucurbita pepo seeds 
monographed herbal prostate drug, 66-68 
active principles and effects, 61t 
source, 66/ 

Cultivation, standardization, 21-22 
Curcuma 

biological activity and active compounds, 
133- 139 

constituents, 134 
cultivation and use, 133-134 
pharmacological and clinical investigations, 

134- 138 
Curcumin 

inhibition of HIV replication, 91 
pharmacological effects, 136-138 

Curcumin-boron-complex chloride, structure, 
92/ 

Curcuminoids, inhibition of HIV proteases and 
integrase, 92t 

14C-uridine, incorporation into RNA of complex 
ribosomes, 270/ 

Cysteine-depletion method, total thiosulfinates, 
189 

Cysteine sulfoxides, pharmacological effects of 
garlic, 182 

Cytochrome c, reduction by frangulaemodin/ 
anthrone and dithranol, 103/ 

Cytokines 
antitumor agents, 282 
expression modulation by Hypericum extract, 

296/ 
heterogeneity of receptor expression and 

responsiveness to lectin, 282 
Cytotoxic agents 

chemotherapeutic, 77 
polyacetylenes, 229, 230/ 

Cytotoxic hepatitis, Teucrium chamaedrys, 23 
Cytotoxic hypoxia, Ginkgo biloba extract, 212 

D 

Degradation compounds, protracted refluxing 
and processing, 170 

Dementia, Ginkgo biloba extract, 210 
Denmark, Executive Order on Natural Remedies, 

20 
Depression 

Hypericum, 25 
macrophage theory, 295 
St. John's wort, 9 

Diallyl disulfide, anticancer effects, 200 
Dicumarol, cattle disease, 94—95 
Dietary Supplement Health and Education Act 

(DSHEA) 
botanical summary, 39-42 
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botanicals, 38 
FDA approval of health claims, 30-31 
regulatory status of herbs, 37 

Dietary supplements 
American market, 10 
definition, 39 
FDA regulation, 30-31 
unpatentable products, 2 

Dihydrotestosterone (DHT) 
development of hyperplasia, 63 
dose-dependent reduction in presence of 

pumpkin sterols, 67 
lipophilic grass-pollen extract, 68 

DNA-dependent RNA polymerase I, activity 
increased by silibinin, 269 

DNA-dependent RNA polymerases, transcriptioi 
activities with silibinin, 271/ 

Dopamine, pituitary prolactin secretion, 300 
Dopaminergic system 

central effects of Hypericum extracts, 297 
Ginkgo biloba extract, 215 
Vitex agnus-castus, 301 

Dosage, herbal remedies, 18-19 

E 

Echinacea 
active principles, pharmacological effects, and 

standardization, 143-153 
adverse effects and toxicological 

considerations, 155 
approved use and dosage, 34 
biological effects and active principles, 140-

157 
historical use and botanical aspects, 140-141 
immunostimulant, 25 
lipophilic constituents of roots, 150 
research history, 5 
source of research, At 
species and preparations, 141 

Echinacea preparations, clinical studies, 154f 
Echinacea purpurea 

adulterant constituents of roots, 142/ 
clinical studies, 153-155 
polysaccharides with immunostimulatory 

properties, 143 
Effectors, plant metabolite, 269 
Efficacy, evaluation of herbs, 32 
Egypt, garlic, 178 
Ehrlich ascites tumor cells 

free anthraquinones and anthrones, 98-99 
influence of anthranoids on transport systems, 

106 
Electron transfer, respiratory chain, 102 
Eleuthero 

approved use and dosage, 34 
research history, 8 
source of research, At 

Emodin, cellular ATP content, 99 
Emodin-type anthranoids, constipation, 98 
Endurance enhancers, ginseng, 6 
Energy metabolism, anthrones/anthraquinones, 

98-105 
Enzyme activity, silibinin, 263 
Ephedra 

chronic misuse and abuse, 8 
research history, 7-8 
source of research, At 

Epinephrine, metabolism, 293/ 
Estradiol, binding in presence of unlabeled 

estradiol and silibinin, 272/ 
Estrogens, British herbalists, 3 
European Pharmacopoeia, quality of raw 

materials, 27 
European phytomedicine 

importance in American market, 2-12 
laws and regulations, 2 
market aspects, 14-15 

European Scientific Cooperation of 
Phytotherapie (ESOP), hawthorn, 241 

European Scientific Cooperative on 
Phytotherapy (ESCOP), assessment of 

phytomedicines, 26-27 
European-American Phytomedicine Coalition 

(EAPC) 
old drugs, 31 
recognition of well-established 

phytomedicines, 42 
Exercise capacity, hawthorn/passion flower 

extract, 248-249 
Extraction, method comparison, 257/ 
Extracts 

labeling, 23 
toxicological and clinical documentation, 24 

F 

Female genital system, Vitex agnus-castus, 299 
Feverfew 

British herbalists, 3 
ancient medicinal uses, 159-160 
antithrombotic potential, 165 
arthritis and other inflammatory conditions, 

165 
claims of efficacy, 158 
clinical trials, 161-163 
commercial preparations, 168-169 
genus, names, and appearance, 159 
history, properties, and commercial 

preparation, 158-175 
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inhibition of cytokine production, 166 
mechanisms of activity, 163-167 
modern medicinal uses, 160-161 
regulation and control of products for 

migraine, 169-171 
research history, 9 
secondary metabolite composition, 171 
source of research, At 

Fibrinolysis, effects of garlic, 198 
Finasteride, prostate medications, 64 
Fingerprints, identification of drugs, 22 
Finland, marketing authorization, 20 
Flavanoid(s) 

hawthorn, 244, 245/ 
ACE-inhibiting activity, 54 
analysis in Crataegus monogyna, 249-

250, 255, 256/ 
cardiac effect of hawthorn preparations, 247 
commercial samples of hawthorn leaves with 

flowers, 257/ 
content of commercial preparations, 259/ 
hypericum herb, 288 
spectrophotometric assay, 251/ 

Flavonolignan(s) 
mechanisms of action, 276 
synthesis of macromolecules, 265 

Flavonolignan silibinin of milk thistle, influence 
on hepatocytes and kidney cells, 263-
277 

Food and Drug Administration (FDA) 
enforcement action against herbs, 38 
regulation of dietary supplements, 30-31 

Food Safety Advisory Committee, regulatory 
framework, 19 

Forced swimming test, Hypericum extract, 
297, 298 

France, criteria of legal requirements, 16-17 
France 

procedures for registration of traditional 
drugs, 17-19 

regulation of pharmaceuticals, 13 
Frangula, laxative potency, 110-111 
Frangulaemodin 

electron transfer inhibition, 102 
pump flux, 99 
pyruvate dehydrogenase reaction, 103/ 

Free radical(s), Ginkgo biloba extract, 216 
Free-radical scavenger, silymarin, 9 
Fresh plants, labeling, 23 
Fungal antitumor polysaccharides, lentinan and 

schizophyllan, 77-78 

G 

Galphimia glauca, treatment of allergic asthma, 
51 

Garlic 
analysis and standardization of products, 189 
antithrombotic activity, 190 
approved use and dosage, 34 
clinical trials not showing allicin, 196 
composition of commercial products, 186-189 
composition of odor, 183-184 
compositional changes during aging, 185/ 
enzymatic formation of thiosulfinates upon 

crushing, 182-183 
evidence for active compounds, 203-204 
medicinal effects and indicated active 

compounds, 176-209 
pharmaceutical quality, 16 
pharmacological effects and indicated active 

compounds, 192-202 
pharmacological studies, Yllt 
processing changes during long-term 

incubation, 184-186 
research history, 5 
source of research, At 
sulfur compounds of commercial products, 

184-189 
toxicity, 202-203 

Garlic cloves 
composition, 179-180 
main compounds essential to pharmacological 

effects, 203/ 
pickled cloves, powders, and supplements, 

sulfur-containing constituents, 187/ 
Garlic oil 

clinical and animal trials with allicin, 196-197 
steam-distilled products, 188 
transformation products of allicin, 191 

Garlic powder 
incubated in 5% acetic acid, 186 
product composition, 186-187 

Gastrointestinal cancers, garlic cloves, 198-199 
Generally Recognized as Safe (GRAS), 

botanicals, 38 
Genotoxicity, safrole, estragole, and essential 

oils, 24 
German Federal Gazette, monographs, 30 
Germany 

Echinacea market, 141 
garlic tablets, 176 
hawthorn market, 241 
legal status of phytomedicines, 15-16 
mistletoe-derived products, 279 
monograph system for phytomedicines, 30-36 
regulation of pharmaceuticals, 13 
science of phytomedicine, 3-4 
St. John's wort, 287 
therapeutic use of herbs and phytomedicines, 

32 
Ginger, approved use and dosage, 34 
Ginkgo biloba 
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approved use and dosage, 34-35 
commercial extracts, 24-25 
research history, 6-7 
source of research, 4t 
standardization, 22 

Ginkgo biloba extract 
clinical trials, 217-218 
constituents, 210-211 
neuroprotective effects, 210-220 
possible mechanisms of neuroprotection, 213— 

218 
Ginkgolides 

chemical structures, 21 If 
glutamate-induced excitotoxicity, 213f 
neuroprotective effects, 212f 
PAF antagonism, 216-217 

Ginseng 
annual retail sales in Europe, 222/ 
approved use and dosage, 33 
biochemical, pharmaceutical, and medical 

perspectives, 221-240 
botany, 223 
constituents, 225-228/ 
gradient, 234f 
HPLC gradient elution chromatogram, 236/ 
levels of active ingredients, 23 
medical uses, 221 
monographs in European pharmacopeias, 225 
pharmaceutical quality, 16 
pharmacological effects, 229 
plant structure, 224/ 
plantations and processing, 224-225 
research history, 6 
source of research, 4t 
therapeutic properties, 25 

Ginseng phytomedicines, quality control, 233-
234 

Ginseng sapogenins, structure, 226/-228/ 
Ginseng saponins, thin layer chromatograms, 

225/ 
Ginsenosides 

HPLC chromatograms, 233/ 
HPLC gradient elution chromatogram and UV 

spectra, 235/ 
pharmacokinetics and metabolism, 230-232/ 
qualitative and quantitative analysis, 232 

Global ischemia, Ginkgo biloba extract, 212 
Glucans 

immunomodulating mode of action, 78 
structural variations and antitumor activity, 79 

Glucose 
brain utilization, 214-215 
sodium-potassium pump inhibition by 

frangulaemodin/anthrone, 101/ 
transport inhibition, 99 

Glycoproteins, detection and determination in 

Echinacea preparations, 143-144 
Goldenseal 

research history, 6 
source of research, 4t 

Good Manufacturing Practices 
Advanced Notice of Proposed Rulemaking, 41 
regulation, 40 

Grass-pollen extract, standardized, 68 
Greece 

garlic, 178 
regulation of herbal medicines, 21 

H 

Harvest date, amount of sulfur compounds in 
garlic, 182 

Hawthorn 
approved use and dosage, 35 
biological activity and strategies for quality 

control, 241-262 
botany, 242 
clinical studies, 248-249 
constituents, 244-246/ 
HPLC fingerprint chromatogram, 253/ 
monographs in European pharmacopeias, 242 
pharmacological effects and therapeutic use, 

246-248 
profile of activity and main indications, 248* 
quality control, 252 
scheme of extraction and sample preparation, 

253/ 
Headache, feverfew, 9 
Healing, St. John's wort, 9 
Health Freedom Act, botanicals, 38 
Hearing loss, Ginkgo biloba extract, 217 
Heart failure, hawthorn, 260 
Helenalin 

activity, 122-126 
antifungal activity, 122 
anti-inflammatory activity, 123 
cytotoxic and antineoplastic activities, 122 
effects on heart and circulation, 124-125 
mode of action, 123-124 
twist chair conformations, 122 

Helenanolides, flowerheads of A. chamissonis, 
127/ 

Hemicelluloses, structural diversity, 80 
Hepatitis, silymarin, 9 
Hepatocytes 

incorporation of methionine into synthesized 
proteins, 267f 

influence of milk thistle, 263-277 
Hepatoprotective effect, milk thistle, 9 
Hepatotoxicity, alkaloids with pyrrolidine 

nucleus, 23-24 
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Herbal drugs 
criteria for evaluation, 15 
market shares, 4 

Herbal products, classified as medicines, 20-21 
Herbal remedies 

approval as therapeutic agents or drugs, 31 
definition, 25-26 
official interpretations, 13-17 
present definitions, 14 
prostate medications, 64 
quality assessment, 21 
regulation in Germany, 30-36 

Herbal teas, dosage, 18-19 
Herbalists, United Kingdom, 3 
Heroin, goldenseal, 6 
HIV 

inhibition of integration reaction, 84 
lead structures for drugs of the future, 83-96 

HIV integrase 
curcumin, 136-138 
in vitro assay, 84-85 
plant constituents as leads for inhibitors, 85-

92 
Horse chestnut, approved use and dosage, 35 
Hyaluronidase, inhibitory effects of caffeoyl 

esters, caffeic acid, and tartaric acid, 
147/ 

Hydrolysis 
control of completeness, 256/ 
method validation, 255-258 

Hyperici herba, constituents, 289/ 
Hypericum 

constituents, 288 
controlled clinical trials, 288-290 
depression, 25 
see also St. John's wort 

Hypericum extracts 
amine theory, 290-294 
expression of serotonin receptors, 294-295 
solvents used for preparation, 29It 

Hypericum perforatum, chemistry and biology, 
287-298 

Hyperprolactinernia 
infertility, 300 
Vitex agnus-castus, 306 

Hypertension, Crataegus, 247 
Hypoglycemic effects, garlic, 202 
Hypotensive effect, Crataegus, 247 
Hypotonic swelling, leukotriene synthesis, 110 
Hypoxia 

glucose consumption, 214 
neuroprotective effects of Ginkgo biloba, 

211-213 
Hypoxis rooperi, prostate remedy, 71 

I 

Immune effects, low doses of garlic products, 
202 

Immune modulators, antidepressant effects of 
Hypericum extract, 295, 298 

Immune system, ginseng, 229 
Immunological activity 

in vitro and in vivo, 80 
polymer, sources, 77 

Immunomodulation 
auto- or paracrine mechanisms, 282 
evaluation, 283 
lectin-elicited, 281-283 
phytotherapeutic, 278-286 

Immunomodulators 
eleuthero, 8 
nonspecific stimulation of defense system, 75 
polysaccharides, 76 

Immunostimulants 
biological sources, 74-82 
Echinacea preparations, 25,140 
screening methods, 75-76 

Immunostimulating activity, structure/activity 
relationships, 80-81 

Immunostimulatory properties, Echinacea, 5 
Induced sleeping time, Hypericum extract, 

297, 298 
Inflammation 

helenalin, 123-124 
St. John's wort, 9 

Inotropic effect, helenalin, 124-125 
Integrase inhibitors 

common structural properties, 92-93 
mechanisms of action, 93 

Interleukin 
curcumin, 136 
tumor cachexia, 282 

Intestinal cancers, garlic in cooked form, 200 
Ion flux, anthrones/anthraquinones, 102 
Ion transport, across colon cells, 97 
Ipomoea cairica, Chinese and West African 

medicine, 84 
Ireland, licensing of herbal medicines, 19 
Ischemia, Ginkgo biloba extract, 212-213, 215 
Italy, Italian Health Authority, herbal product 

classification, 20-21 

J 

Japan, ginseng roots, 222-223 
Juniper berries, flavoring, 38 
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K 

Kava kava, approved use and dosage, 35 
Ketoalkenes and ketoalkynes, E. pallida roots, 

152/ 
Kidney cells, influence of milk thistle, 263-27' 
Korea, ginseng roots, 222-223 

L 

Labeling 
botanical supplement claims, 39-40 
dosage and preparation, 22-23 
nutrition, 41 
traditionally used products, 27-28 

Lactone, inhibition of HIV-1 integrase reaction 
steps, 86/ 

Laxative(s), anthrones/anthraquinones, 97-116 
Laxative action 

chloride channels, 105-110 
synergistic effects, 98-105 

Lectin(s) 
galactoside-specific, 278 
mistletoe, 280-283 

Lectin-elicited immunomodulation, 281-283 
Lemon balm leaves, herpes simplex of the skin, 

83 
Lentinan, fungal antitumor polysaccharide, 77-

78 
Leukocytes, inhibition of function by feverfew, 

167 
Lignanoid bis-catechols, specificity, 91 
Lipid-lowering effect 

allicin, 194-197 
garlic, 193-194 

Listeria infections, E. purpurea polysaccharides, 
143 

Liver, incorporation of uridine into newly 
synthesized RNA with silibinin, 268/ 

Liver disease 
milk thistle, 9, 263-265 
silymarin, 266/ 

Liver proteins, incorporation of 14C-leucine, 268/ 
Local cerebral blood flow, Ginkgo biloba 

extract, 213-214 
Longevity, ginseng, 229 
Lutean insufficiency, Vitex agnus-castus, 299 

M 

Ma huang, see Ephedra 
Macromolecules, intact absorption, 80 
Macrophage theory, depression, 295 
Man-herb, ginseng, 221 

Manufacturing processes, supercritical fluid 
extraction, 24 

Marker compound 
allicin, 189 
garlic sulfur compounds, 190 
identification of drugs, 22 

Marketing authorization 
national level, 28 
procedures for registration of traditional 

drugs, 17-19 
Mastopathy 

Mastodynon treatment, 306 
Vitex agnus-castus, 299 

Medicinal Products Agency, authorization to 
market natural remedies, 20 

Medicines Control Agency, licensing of herbal 
medicines, 19 

Medieval medicine, garlic, 178-179 
Membrane potential, anthranoids, 106 
Memory loss, garlic, 202 
Menstrual cycle disturbances, Vitex agnus-

castus, 303, 306 
Mesopotamia, garlic, 178 
Metabolites, resulting from bacterial action, 115 
Meyer's Blood Purifiers, Echinacea tincture, 141 
Michael acceptors, biological nucleophiles, 121 
Michael addition 

parthenolide with nucleophiles, 166 
sulphydryl groups in platelets and 

parthenolide molecule, 167 
Migraine 

calcium mobilization in cells, 166 
clinical trials of feverfew, 161-162 
ethanolic extract of feverfew, 163,167 
feverfew, 9,160-161 
inhibition of serotonin release from platelets, 

163 
Milk thistle 

approved use and dosage, 35-36 
influence on hepatocytes and kidney cells, 

263-277 
research history, 9 
source of research, 4f 

Mistletoe 
phytotherapeutic immunomodulation, 278-

286 
spiritual entity, 279 

Mistletoe extract 
commercial products, 279-280 
lack of tumor-inhibiting efficacy, 280 

Mistletoe lectin, biological response modifier, 
280-281 

Mitogenesis, lectins, 281 
Mitogenic activity, size of polysaccharides, 81 
Monoamine oxidase 

Hypericum extract, 298 
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inhibition by Hypericum extracts, 294t 
Monocyte-interleukins, symptoms of depressive 

states, 295 
Monographs 

Commission E system, 30-36 
evaluation of herbal drugs, 15-16 
hawthorn, 241, 242 
precise technical content, 26 

Mouth ulceration, feverfew, 161 
Muscle relaxation, Crataegus, 247 
Mushroom, oriental folk medicine therapy for 

cancer, 77 

N 

Narcotics, urine tests, 6 
Netherlands, garlic supplements, 199 
Nettle root 

demonstrated effects of extracts, 70 
see also Urticae radix 

Neuronal degeneration, dementia, 210 
Neuroprotective effects, Ginkgo biloba extract 

210-220 
New botanical, definition, 40 
New drugs 

designing leading structures for developmen 
46 

time-consuming application process, 31 
Norepinephrine, decomposition, 292/ 
Normalization, analytical requirements, 22 
Norway, marketing authorization process, 19 
Norwegian Medicines Control Authority, 

marketing authorization process, 19 
Nutrition Labeling Education Act (NLEA), 

botanicals, 38 
Nutritional support, statements, 41 

O 

Office of Dietary Supplements (ODS) 
nutrients and health care, 42 
purposes, 40-41 

Official institutions, role, 25-27 
Old drugs, EAPC petition, 31 
Oleanolic acid, ginseng saponin, 228/ 
Oncology, phytotherapeutic immunomodulation 

278-286 
Onion juice 

treatment of allergic asthma, 47-49 
see also Allium cepa 

Organosulfur compounds, whole and crushed 
garlic, 180/ 

Osmotic swelling, chloride and potassium 
permeabilities, 107 

Oxidative energy metabolism, 
dihydroxyanthraquinones, 105 

Oxidative energy production, inhibition, 99-100 
Oxygen consumption, uncoupling effect, 105 
Oxytocic activity, dihydrohelenalin acetate, 125 

P 

Packaging, dosage and preparation, 22-23 
Panacea lapsorum, see Arnica flowers 
Panax species, distribution and cultivation, 

222f, 223f 
Parthenolide 

aerial parts of feverfew, 164 
biological effects of feverfew, 164, 167 
calcium mobilization, 166 
commercial preparations, 169 
Magnolia grandiflora tumor-inhibiting 

properties, 168 
stability, 171 

Passion flower, combined with hawthorn, 248-
249 

Peptides, ACE-inhibiting activity, 54-57 
Performance enhancers, ginseng, 6 
Phagocytosis-stimulating activity 

alcoholic extracts of Echinacea, 150-153 
cichoric acid, 144 

Pharmaceutical dossier, content, 17-18 
Pharmaceutical quality, herbal remedies, 16 
Phenolic hydroxy groups, inhibition of HIV-1 

integrase reaction steps, 88/ 
Phenyl-linked dimeric dicumarol conjugate, 

antiviral, anti-integrase, and 
antiprotease activity, 94/ 

Phenylpropanoid glycosides, Echinacea species, 
145/ 

Phospholipase A2, effect of extract of feverfew, 
163 

Phototoxicity, polyines, p-carboline derivatives, 
furocoumarines, and lignanes, 24 

Phytomedicines 
active drug material, 15-16 
importance in American market, 2-12 
legal status in Germany, 15-16 
scientific status in European nations, 3-4 
specific problems, 21-23 

Phytopharmaceuticals, status within European 
market, 13-29 

Phytophthora, structural variations and antitumor 
activity, 79 

Phytotherapy 
assessment, 27-28 
fixed combinations, 23 
unknown active ingredients, 22 

Phytovigilance, increase, 23-24 
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Pickled cloves 
incubation time, 184 
odor-forming ability of garlic, 188-189 

Picrorhiza kurroa, treatment of allergic asthma, 
49-51 

Placebo-controlled studies, cholesterol-lowering 
effect, 193-194 

Plant ACE inhibitors, screening program, 53-57 
Plant constituents, starting templates for 

synthetic modification, 46-61 
Plant drug preparations, present definitions, 14 
Plant polysaccharides 

biological activities, 79-81 
cancer, 74-82 

Plant secondary metabolites, antiretroviral 
agents, 83-96 

Platelet activating factor (PAF) antagonism, 
ginkgolide, 216-217 

Platelet aggregation 
feverfew, 165 
inhibition by feverfew extract, 163 
parthenolide, 164 
protection from inhibitory effects of feverfew, 

167 
Pokeroot, British herbalists, 3 
Pollinis siccum extractum 

monographed prostate remedy, 68-69 
source, 66f 

Polyacetylenes, from ginseng roots, 230/ 
Polysaccharides 

fungal antitumor, 77-78 
immunomodulators, 76 
immunostimulating potential, 74 
isolation and purification, 76 
structure determination, 77 

Poplar trees, CAPE as secondary metabolite, 85 
Portugal, legislation on health products, 21 
Potassium permeability, transport systems, 106 
Premenstrual mastodynia, latent 

hyperprolactinernia, 306-307 
Premenstrual syndrome, Vitex agnus-castus, 

299,306 
Procyanidins 

ACE-inhibiting activity, 54 
cardiac effect of hawthorn preparations, 247 
hawthorn, 244-246/ 
quantitative analysis of Crataegus, 250-252 
spectrophotometric determination, 251/ 

Prodrug, liberation of active drug, 93 
Prolactin 

pathophysiological changes in women, 300 
Vitex agnus-castus, 303, 307 

Prolactin secretion 
dose-dependent inhibition, 302/ 
Mastodynon N and Vitex agnus-castus, 302/ 
time course, 304/ 

Prostaglandins 
effect of feverfew extract on synthesis, 163 
motor and secretory activities of 

gastrointestinal tract, 110 
Prostatic hyperplasia 

herbal drug treatment, 62-73 
saw palmetto, 7 
search for suitable drugs, 63 

Protein biosynthesis 
eucaryotes, 267/ 
silibinin, 265 

Protein synthesis 
silymarin, 9 
time course in cultures of malignant cell lines, 

274/ 
Protopanaxadiol, ginseng saponins, 227/, 228/ 
Pseudohypericin, Hypericum herb, 288 
Psychiatric disorders, St. John's wort, 287 
Pump flux, inhibition, 98-99 
Pump inhibition, drug laxative action, 105 
Pumpkin seeds, see Cucurbita pepo seeds 
Pumpkin sterols, prostatotropic activity, 67 

Q 

Quantitative hydrolysis method, validation, 255-
258 

Quercetin, HPLC chromatogram of hydrolyzed 
extract, 254/ 

Quinic acid derivatives, Echinacea species, 145/ 

R 

Radical scavenging activity, Ginkgo biloba 
extract, 216 

Regeneration process, silymarin, 9 
Regulatory metabolites, chloride permeability, 

110 
Regulatory reform, monograph model, 30-36 
Regulatory system, American market, 10 
Regulatory volume decrease (RVD) 

inhibition of chloride or potassium channels, 
106 

valinomycin and aloeemodin, 108/-109/ 
Research, regulation of phytomedicinals, 2 
Respiratory analeptic activity, helenalin acetate, 

125 
Retroviral integrase 

development of HlV-inhibiting compounds, 
83-96 

see also HIV integrase 
Rhein/rheinanthrone, colon motility, 98 
Rheumatoid arthritis 

feverfew clinical trial, 162 
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inhibition of leukocytes, 163 
Ribosomes, protein synthesis and cell 

regeneration, 269 
RNA, types transcribed from DNA template, 

270/ 
RNA synthesis, rate stimulation, 265-269 
Rome, garlic, 178 
Rosmarinic acid, structure, 93/ 
Rote Liste 1994, hawthorn extracts, 246 
Russian penicillin, garlic, 179 
Rye pollen extract, see Pollinis siccum extractum 

S 

Sabal extracts, demonstrated effects, 69 
Safety 

botanicals, 39 
evaluation of herbs, 32 
side effects of active ingredients, 15-16 

Saponins, ginseng, 225/-228/ 
Saw palmetto 

approved use and dosage, 36 
extracts of dried berries as prostate remedy, 

69-70 
research history, 7 
source of research, 4r 
see also Serenoae repentis fructus 

Schizophyllan, fungal antitumor polysaccharide, 
78 

Screening, antiasthmatic plant constituents, 47-
53 

Screening methods 
immunostimulants, 75-76 
target-directed in vitro, 46 

Scullcap, hepatotoxicity, 3 
Sedative properties 

Javanese turmeric, 138 
valerian, 10 

Selenium, garlic cloves, 180 
Self-medication, rules for labeling and 

packaging, 22-23 
Senna 

drug-derived metabolites, laxative action on 
cellular level, 98 

laxative potency, 110-111 
Serenoae repentis fructus 

monographed prostate remedy, 69-70 
source, 66t 

Serotonin receptors, effects of Hypericum 
extracts, 294-295, 298 

Serotonin release, parthenolide, 164 
Serotoninergic system, Ginkgo biloba extract, 

216 
Serum lipids, effects of garlic and garlic 

products, 193r 

Sesquiterpene lactones 
activity, 122-126 
aerial parts of feverfew, 164 
analysis, 128 
anti-inflammatory activity, 123 
Arnica flowers, 118-132 
biogenetic variability, 169-170 
biological activities in Arnica flowers, 121 
content in Arnica tinctures and infusions, 129 
flowers of A. chamissonis, 127-128 
primary targets, 121-122 
quantitative and qualitative variation in Arnica 

flowers, 128-129 
structures, 164/, 165/ 

Sewing machines, see Ribosomes 
Siberian ginseng, see Eleuthero 
Silibinin 

excretion via choleductus, 274/ 
hepatocytes and kidney cells, 263-277 
interaction with molecular cell biology, 272/ 
mechanism of action, 265-276 
membrane permeability of hematocytes, 276 
rate of synthesis of RNA species in liver, 269f 

Silibinin-hemisuccinate, effect of concentration 
on kidney cell line Vero, 275f 

Silybum marianum, photo, 264/ 
Silymarin 

constituents, 264/ 
hepatoprotective effect, 9 
scavenger function of components, 276 

Skin allergies, garlic, 203 
Skin conditions, ginkgo, 6-7 
Sleep aid 

St. John's wort, 9 
valerian, 10 

Sodium-potassium pump, inhibition, 98-99 
Sodium-potassium-ATPase, inhibition, 102 
Software, Alchemy Molecular Modeling 
program, 54 
Spain, special registration for medicinal plants, 
21 
Spiritual entity, remedy for cancer, 279 
St. John's wort 

approved use and dosage, 36 
botany, 287-288 
chemistry and biology, 287-298 
research history, 9 
source of research, 4t 
see also Hypericum 

St. Mary's thistle, see Milk thistle 
Stability, analytical test procedures, 22 
Standardization 

analytical requirements, 22 
cultivation, 21-22 

Starting material 
exact origin, 21 
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herbal remedies, 18 
Statements of Nutritional Support, effects and 

benefits of herbs, 37 
Steroid(s), rate of rRNA transcription, 269 
Steroid skeleton, comparison of silibinin, 271/ 
Stress, ginseng, 229 
Stress hormone, prolactin, 303 
Structure/activity relationships 

development of HlV-inhibiting compounds, 
83-96 

immunostimulating activity, 80-81 
Sulfenic acids, thiosulfinates, 183 
Sulfhydryl groups, Michael addition of oc,P-

unsaturated carbonyl structures of 
helenalin, 121/ 

Sulfur compounds 
absorption and metabolic fate, 190-192 
garlic cloves, 180-182 
variation in garlic, 182 
structures in garlic cloves, 181/ 

Supercritical fluid extraction, manufacturing 
processes, 24 

Sweden, proof for safety, 20 
Sweet clover, dicumarol, 94-95 
Switzerland 

hawthorn market, 241 
medicinal product classification, 20 

Synthetic drugs, limitations, 46 

T 

Target-directed screening program, efficiency of 
plant constituent, 47 

Tartaric acid derivatives, Echinacea species, 
146/ 

Teucrium chamaedrys, cytotoxic hepatitis, 23 
Therapeutic activity, herbal drug preparation, 19 
Therapeutic guidelines, monographs, 30 
Therapeutic impact, pharmaceutical quality, 16 
Therapeutic indications, herbal remedies, 17 
Therapeutic monographs, individual herbs, 3 
Thiosulfinates 

effects on mediator systems and cell functions, 
52r 

enzymatic formation upon crushing of garlic, 
182-183 

garlic activity, 189, 203-204 
garlic antimicrobial effects, 176 
stability, 183 
transformation upon commercial processing, 

184 
Thrombocyte aggregation, Ginkgo biloba 

extract, 214 
Thromboxane synthesis, effect of extract of 

feverfew, 163 

Toxicity 
accidental plant mixtures, 23 
diminished by silibinin, 276 
Echinacea preparations, 155 
helenalin, 125-126 
mistletoe lectins, 280 
tincture or infusion of Arnica flowers, 119 

Toxicological data, plant drugs, 23 
Toxicological evaluation, herbal remedies, 18-

19 
Toxicology, fresh and cooked garlic, 202-203 
Traditional Medicine Research Project, 

regulation of herbs and phytomedicines, 
31 

Traditional use, herbal remedies, 16 
Triglycerides, garlic, 5 
Tumor(s), adaptive process, 282 
Tumor inhibition, curcumin, 136 
Tumor necrosis factor-a 

curcumin, 136 
tumor cachexia, 282 

Turmeric 
biological activity and active compounds, 

133-139 
medicinal plants and spices, 91 

U 

U.S. Pharmacopeia (USP), quality standards and 
use information, 42 

Uncoupling effect, oxygen consumption, 105 
United Kingdom 

licensing of herbal medicines, 19 
science of phytomedicine, 3 

United States 
Echinacea market, 141 
garlic consumption, 176-177 
ginseng, 223 
regulation of botanicals, 37-43 

Urinary tract infections, cranberry juice, 8 
Urination problems 

benign prostatic hyperplasia, 62 
monographed phytomedicines, 65-71 

Urticae radix 
efficacy in patients, 70 
monographed prostate remedy, 70-71 
source, 66f 

V 

Vaginal Candida mycoses, E. purpurea 
expressed juice, 153 

Valerian 
approved use and dosage, 36 
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hepatotoxicity, 3 
levels of active ingredients, 23 
research history, 10 
source of research, 4t 

Valinomycin, inhibition of chloride or potassium 
channels, 106 

Vascoconstricting properties, ephedra, 8 
Vascular deficiency, dementia, 210 
Vasoconstriction, angiotensin II, 53 
Vessel dilation, Ginkgo biloba extract, 214 
Viral infections, phytomedicines, 83 
Vitex agnus-castus 

active constituents, 307 
animal experiments, 303 
clinical studies, 303-307 
in vitro studies, 301 
latent hyperprolactinernia, 300 
pharmacological and clinical data, 299-308 
treatment of lactating rats, 305/ 

Vitex agnus-castus fruits, approved use and 
dosage, 33 

Vitexin and isovitexin, HPLC chromatogram of 
hydrolyzed extract, 254/ 

W 

White cell activity, feverfew extracts, 165 
White Woman's Magic Society of Houston, 
Texas, enforcement action against herbs, 38 
Work output, eleuthero, 8 
World Health Organization (WHO), regulation 

of herbal remedies, 25-26 
Wound-healing properties, aloe gel, 8 

Z. 

Zimmermann reaction, identity test for Arnica 
flowers, 128 
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