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PARTIAL ANALYSBS OF 330 AMERICAN CRUDE DRUGS.* 

BY JOSEPH I?. CLEVENGER AND CLARE OLW EW1NG.t 

For a number of years necessity has been felt for analytical data on authentic 
specimens of American grown crude drug products for use in connection with the 
enforcement of the Food and Drugs Act. Because of lack of data of this kind, 
numerous occasions have arisen where an accurate opinion could not be formed 
regarding the quality of certain products. Even some official products have 
insufficient standards of purity, and data are oftentimes altogether lacking re- 
garding a vastly larger number of vegetable products, especially American products, 
which have at one time or another been used in medicinal preparations. 

A number of investigators‘ have hitherto reported analyses of a more or 
less limited number of crude drugs, both of foreign and domestic origin, but these 
data have almost invariably been based on commercial samples, the history of 
which was often uncertain or altogether lacking. These samples in many in- 
stances were received in the powdered condition, which rendered them in a measure 
unsuitable for the acquisition of authentic data. The reported analyses refer 
largely to imported drugs, while those of domestic drugs are more meager. It 
seemed desirable, therefore, to secure more comprehensive data regarding domestic 

* Read before Scientific Section, A. Ph. A,, New York meeting, 1919. Motion passed 
to have the paper printed, see minutes of the Scientific Section, p. 788, October issue of the 
JOURNAL. 

t Since the undersigned has recently severed his connection with the Pharmacognosy 
Laboratory, and since the accompanying paper is one of the last which will appear from that 
Laboratory under this joint authorship, he deems it an appropriate opportunity to  express his 
indebtedness to  his lriend and colleague, Dr. Arno Viehoever, Pharmacognosist of the Bureau of 
Chemistry. The memory of our four years of joint labor and the valuable lessons and experience 
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crude drug products. It was felt that such data might prove useful, first, as a 
criterion of cleanliness, second, as an indication of therapeutic strength, third, 
as an aid in the detection of adulteration, and fourth, as an aid in the identifica- 
tion of species in certain instances where confusion existed. 

During a recent investigation of the crude drug industry of the Blue Ridge 
mountains, some salient points of which have previously been reported in this 
JOURNAL, an opportunity presented itself to secure a considerable number of 
samples of crude drug products, derived chiefly from the wild growing plant 
species of that region. The samples so obtained furnished the basis for securing 
analytical data, a portion of which is reported in this paper. (A few samples 
from other sources have been included, e.  g., cascara sagrsda, eridictyon, and 
eucalyptus, from the Pacific coast.) 

Some of these products, it is quite true, have little or no standing among 
therapeutists, and few of us, perhaps, would place any considerable faith in their 
efficacy. They are sold, nevertheless, for medicinal use, some of them in con- 
siderable amounts. It is worthy of note that a catalogue recently issued by one 
of the leading New York wholesale drug houses quoted prices on no less than 
2 I I articles mentioned in the attached .tabulation. Since so little data have been 
published regarding authentic American crude drug products of this nature, it is 
thought that our results are of common interest and are worthy of public record. 

THE DETERMINATIONS. 

General.-The samples were first examined as to identity and cleanliness. 
A representative portion was then reserved as a reference sample and the re- 
mainder ground to a millimeter powder. The powder was then thoroughly mixed 
before drawing samples for analysis. All analytical determinations were made 
on the air-dried material. 

The data herein presented include r ,  the botanical identity of the specimen, 
2, the part used, 3, the color of the powdered drug, 4, total ash, 5, ash insoluble 
in 10 percent hydrochloric acid, 6, total ether extract, 7, volatile ether extract, 
8, odor of ether extract and 9, color of ether extract. 

Scientific Name.-The determination of botanical identity has been chiefly 
based upon Britton and Brown, “Flora of the Northern United States and Canada” 
(1913). Supplementing this, use has been made of Small’s “Flora of the South- 
eastern United States” (1903), and the botanical descriptions of the National 
Standard Dispensatory (1916)) credit for which is largely due to Kusby. In a 
number of instances recourse was also had to the National Herbarium in the 
Smithsonian Institution, Washington, D. C. The data are recorded in the alpha- 
betical order of the scientific dames. In the case of official drugs the name adopied 
in the United States Pharmacopoeia or the National Formulary has been given. 
In other cases the nomenclature of Britton and Brown has been followed; in the 
few instances of species which are not recorded by Britton and Brown, Small has 
usually been followed. In sever3 instances it was only possible to determine the 
generic name. In such cases we have referred to the sample in question as a 
“species” of the genus. In several other cases, where the specific identity was 

2 Ewing and Stanford, “Botanicals of the Blue Ridge,” J. A. PH. A., 8, 16, 1919. 
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probable but could not be absolutely ascertained because of lack of authentic 
material for comparison, the generic name has been given and the specific name 
followed by an interrogation point. It will be noted that in a few instances the 
trade name given a certain sample does not correspond with any of the “common” 
names usually reported for that species. The few discrepancies are probably due 
to errors on the part of collectors. 

Part Used.-Inasmuch as several parts of the same plant are sometimes 
used in medicine, it has been necessary to mention that upon which the analytical 
data was obtained. In the cases of leaves and herbs, the percentage of stems 
present is indicated in parentheses immediately following the part used. When 
no statement regarding stems is made, it implies that an inspection showed that 
obviously less than 10 percent were present. The apparent condition of the sample 
as regards cleanliness is noted under “Remarks.” 

Color of Powdered Drug.-Color alone is by no means to be considered as a 
distinctive characteristic of crude drugs, but for analytical purposes it is sometimes 
of assistance in preliminary determination of the class to which a powdered drug 
belongs. In fact, Kraemer3 uses this characteristic as the basis of a key for the 
analysis of powdered drugs. 

These 
variations may be partially attributed to variable soil and climatic conditions 
or difference in age. In the case of leaves, herbs and flowers it is due largely to 
variations in curing and to conditions and length of storage. The color of leaves 
may vary through all shades of green to brown; the greater the admixture of the 
latter, the poorer, usually, is the sample. As for underground parts, such as 
roots, rhizomes, etc., the color of the soil in which the material has grown some- 
times influences the color of the powder, although differences are not so pro- 
nounced as in the case of leaves, herbs, and flowers. The colors of different 
specimens do not vary sufficiently to prevent the use of this characteristic as an 
indicative factor. The colors were not sufficiently constant, however, to warrant 
in our opinion exact comparison with a definite color chart, such as Ridgeway’s 
“Color Standards and Nomenclature” (191 2). We believe, moreover, that, 
to the average analyst, who frequently has not access to such standards, ex- 
pressions in the terms of common colors and shades is preferable t o  the frequently 
little-known definitives of the charts. 

Ash.-Total ash was determined according to the method of the United States 
Pharmacopoeia IX (1916), p. 590, using platinum dishes and an electric muffle 
heated to low dull redness. The value of this determination as a method of 
judging the cleanliness of crude drugs is generally acknowledged. It is generally 
conceded too, that variations in analyses due to differing moisture content are 
less than those found in different samples of the same product grown under different 
climatic conditions and collected at  different times. For this reason also analytical 
figures regarding these determinations are not significant beyond the first decimal 
point, and have therefore not been carried out further. The color of the ash 
in the various samples was noted, but the variations were so slight as to be un- 
worthy of specific comment. The colors varied from nearly pure white, e. g., 

Color varies somewhat with different specimens of the same drug. 

3 Rraemer, “Scientific and Applied Pharmacognosy,” 1915, p. 825. 



AMERICAN PHARMACEUTICAL ASSOCIATION 1013 

corn silk (Zea mays), through different shades of bluish and reddish grays to  
reddish brown and even black, e. g., scouring rush (Equisetum hymale).  In 
general, the greater the admixture of a red shade, the greater the uncleanliness 
of the sample. Overheating of the ash is generally indicated by a greenish cast 
because of the very common occurrence of manganese. 

Ash Insoluble in I O  Perceiqt Hydrochloric Acid.-The value of an acid in- 
soluble ash determination as supplementary evidence in confirming the cleanli- 
ness of crude drug products has been less emphasized than has the determination 
of total ash. That its value equals, and frequently exceeds that of the total ash 
determination has been pointed out recently in this JOURNAI,.~ 

Its extreme usefulness in connection with the judgment of the cleanliness 
of crude drug products will be perceived upon making a study of the figures for 
acid insoluble ash taken in connection with the data given regarding the cleanliness 
of the sample. A quick, serviceable method for this determination was outlined 
in the paper mentioned above. 

Total Ether Extract.-Total and volatile ether extracts are standard de- 
terminations in the analyses of many vegetable crude drug and spice products, 
and have therefore been included. The method given in the United States Pharma- 
copoeia IX, pp. 591-2, was followed. It was expected that in many instances 
the results would not be of any considerable value. At the same time, one never 
can predict what valuable information may come to light. As an instance thereof 
may be cited the cases of wahoo root bark (Euonymus atropurpureus Jacq.) and 
wafer ash root bark (Ptelia trifoliata I,.). A commercial specimen of wahoo was 
recently called to the writers’ attention which consisted of approximately 90 
percent of wafer ash. Youngken,‘ in a recent article, reporting also this adultera- 
tion, points out certain differentiating characteristics of the whole barks, among 
them the solitary rhombohedra1 crystals of calcium oxalate in the bark of Ptelia. 
While we observed these microscopic characteristics, it appears from limited 
experiments that their value, especially in powdered mixtures, is restricted. The 
analytical figures in the accompanying tabulation indicate that the total ether 
extract should readily serve to detect the addition of wafer ash to wahoo. Based 
on the figures found-wahoo about 4 percent, wafer ash nearly 25 percent-the 
adulteration of wahoo with as little as 2 0  percent of wafer ash could be easily 
detected by this means. 

Volatile Ether Extract.-The volatile constituents of drugs are oftentimes 
important, especially in the case of the Labiatae and several others, and these 
have therefore been included for all products. The method given in the United 
States Pharmacopoeia IX, pp. 591-2 was followed. In these determinations an 
apparatus for rapid evaporation6 very much facilitated the volatilization of the 
ether extracts without the necessity of heating with its possible resultant loss of 
volatile extractive. The determinations were made at  the present time because 

Ewing and Viehoever, “Acid Insoluble Ash Standards for Crude Vegetable Drugs,” 

Younken, Heber W., “Wafer Ash Bark as an Adulterant for Euonymus,” Amer. J. oj 

Merrill and Ewing, “Laboratory Apparatus for Rapid Evaporation,” J .  Ind .  and Eng. 

J. A. PIi. X., 8, NO. 9, pp. 725-30, 1919. 

Pharm., go, No. 3 ,  pp. 160-65, 1918. 

Chem., 2, 230, 19x9. 
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volatile constituents are of course probably the most variable and subject to loss 
during storage. It is conceded that the relative rates a t  which the various volatile 
constituents are driven off are different. Nevertheless, in an empirical determina- 
tion of this type, since conditions affecting the results are held constant, they 
afford a common basis for comparison. The age of the samples will in a measure 
account for some of the discrepancies in the several samples of the same product, 
such as in the case of sassafras, certain of the mints, Canada snakeroot, etc. 

Color of the Ether Extract.-The remarks regarding variations in color of the 
crude drug apply as well to variations in color of the ether extract. They may, 
however, sometimes be of value, and even in those instances where their value is 
doubtful, the data have been included in the interest of completeness. In some 
instances the color of the extract taken in conjunction with the color of the original 
powder may afford strong presumptive evidence regarding identity. For ex- 
ample, powdered comfrey root (Symphytunz oljicinale I,.), which is brownish gray 
in color, yielded a light red extract. No other product displaying this particular 
combination of color was noted, so that the two together are a pretty strong 
indication of comfrey root. While the nature of this color was not further in- 
vestigated at  the present time, i t  is of interest to note that this species is a member 
of the N. 0. Borraginaceae, many species of which yield colored extracts, notably 
the well-known alkanet (Alkanna tinctoria I,.), and macrotomia root (Macrotomia 
ceghalotes D. C.) so-called “Syrian Alkanet.”? 

Odor of Ether Extract.-In many instances the odor of the volatile extract is 
characteristic of the product and so well known that it can not readily be de- 
scribed by any other term.8 Other odors, while not exactly characteristic, some- 
times suggest a certain resemblance to those of other well-known substances, 
although not precisely comparable thereto ; in the accompanying tabulation the 
term “suggestive of” should be interpreted in this fashion. In many instances 
the material is practically odorless, or a t  least the odor is lacking in any describable 
characteristic; where this was the case the column is left blank. In several in- 
stances the odor, while difficult to describe in technical terms, carried such a strong 
suggestion that mention is made thereof in the table. A striking example is the 
Red Lady Slipper root (Cygrigediuwz parvijlorunz Salisb.) which is described in the 
National Formulary IV, as having “a distinct heavy odor;” Wall9 states that the 
odor is sickening; Sayrelo describes it as somewhat valerian-like; Rushy1’ states 
that “the odor is heavy, peculiar, or somewhat like valerian. 

DISCUSSION OF RESULTS. 

It would of course be impracticable to discuss all the results in detail. A 
few examples have already been cited to illustrate the usefulness of certain of the 

3 Ewing and Clevenger, “Macrotomia cephalotes D. C . ,  So-called Syrian Alkanet,” J. 
A. PH. A., 7, 591, 1918. 

For data regarding the odoriferous constituents of the various species, reference may 
be made to  Wehmer, “Die Pflanzenstoffe,” 1911 ; Gildemeister and Hoffman, “Die Atherischen 
Ole,” 1910; and Parry, “Chemistry of Essential Oils,” 1918. 

9 Wall, “Handbook of Pharmacognosy,” 1917, p. 219. 
10 Sayre, “Organic Materia Medica and Pharmacognosy,” 1917, p. 130. 
11 Rushy, “National Standard Dispensatory,” 1916, p. 565. 
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determinations made, but for the most part the figures and the data given must 
speak for themselves. It will not be inappropriate, however, to point out an 
additional limited number of the more striking examples and indicate in a general 
way the manner in which the data already acquired have fulfilled the expectations 
along the lines mentioned in an introductory paragraph. 

I. Cleanliness.-Total ash and acid insoluble ash are the important data 
required in the judgment of cleanliness. As a general rule, the difference between 
the total ash and the acid insoluble ash (that is to say, the acid soluble ash) is 
fairly constant and any considerable deviation from normal should he looked 
upon with suspicion. While the number of samples examined is too limited on 
which to base appropriate standards of purity, the fact that the analyses were 
made upon normal specimens of known authenticity rendered the data useful 
in an indicative way. Since the majority of the U. S. Pharmacopoeia vegetable 
drugs are of foreign origin, whereas those of the National Formulary are largely 
domestic, the data obtained in this investigation are especially appropriate to the 
latter. Thus, in the case of National Formulary drugs, they indicate that the 
ash standards for the following are rather liberal: 

Aletris Dioscorca Gossypium Leptandra 
Calendula Euonymus Iris Vcrsicolor 

that the ash standards for the following are probably satisfactory: 

Angelica Caulophyllum Hamamelidis Folia Passiflora Rumex 
Aralia Cimicifuga Helonias Pinus Alba Sambucus 
Asarum Coiivallariae Radix Iriula Quercus Scoparius 
Castanea Coptis Juglans Rhus Glabra Stilliiigia 
Cataria Delphinium Fraxinus Rubus Trifolium 

and that the ash standards for the following are probably too exacting and should 
be further studied with a view to setting more reasonable limits: 

Chionanthus Geranium Lappa Trillium 
Cornus Hydrangea Solanurn Xanthoxyli Fructus 
Eupa t orium Juniperus Thujn 

With respect to U. S. P. drugs, the reported figures indicate that the ash 
standards for Humulus, Lobelia, Podophyllum, and Spigelia should be further 
investigated since, on the basis of the data obtained, they appear to be too exact- 
ing. The standard for sassafras, however, needs drastic revision downward. 
Not one of the samples examined yielded over 7 percent of total ash, as against 
the U. S. Pharmacopoeia limit of 20 percent. 

The figures indicate, too, that such drugs as Aletris, -4ristolichia, Spigelia, 
Verbascum, etc., are difficult to obtain commercially in a very clean condition 
and that considerable latitude should therefore be allowed in their standards. 
These data may prove useful too, in the cases of many non-official drugs, such as 
horehound, tansy, pennyroyal, etc., and also with respect to official drugs for 
which no standard exits, such as Cascara sagrada, Hydrastis, Melztha piperita, 
Mentha viridis, Pruws serotina, Sanguinaria, Viburnum prunifolium, Viburnum 
opulus, Zea mays, etc. 
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In conclusion, attention may be called to Cypripedium, Caulophyllum, 
Cimicifuga, Eupatorium purpureum, Hedeoma, etc., to show that an occasional 
very dirty sample may appear. As a means for detection of adulteration of this 
kind the determination of the acid insoluble ash is of immense value. 

2. Therapeutic Strength.-The original plan contemplated examination for 
glucosides and alkaloids and quantitative determination of the latter. Due, 
however, to temporary cessation of the work, the only present data of value in this 
connection are those referring to drugs whose activity depends upon resinous 
principles and volatile oils. As illustrative instances where the data may prove 
useful may be mentioned Aristolochia, Asarum, Humulus, Podophyllum, Sassa- 
fras, Viburnum, etc. Referring to Viburnum prunifolium, for instance, the activity 
of this drug is generally considered to be due to fatty acids and esters, especially 
valerianic. These are present in the volatile ether extract, which may therefore 
be considered somewhat in the light of a criterion of therapeutic strength. From 
such a standpoint it appears not improbable that some samples of tree bark may 
be as therapeutically active as the root bark, although the latter commands a 
much higher price; it appears too, that tree bark of Viburnum nudum, an unofficial 
species, may be perhaps more valuable than the official Viburnum prunifolium; 
at any rate it deserves further study. Humulus is well known to vary widely 
in its resin content and volatile acids; the table indicates how extreme these varia- 
tions may be. 

3. Detection of Adulterants.-The interesting example of Euonymus and 
Ptelia has already been cited. Several others noted involve confusion of species 
and may therefore be considered under the following heading. 

4, Diferentiation of Species.-The errors due to confusion of species are 
generally due to superficial resemblance of different drugs or to the application 
of the same common name to several species. As an example of the first type 
mention may be made of a root submitted as “White Lady Slipper,” Cypripedium 
candidurn Willd. -All of the analytical data cast suspicion upon its being a Cypri- 
pedium; a histological investigation indicated i t  to be a Smilax species, very 
probably Smilax herbacea I,. 

F,xamples of the second type are more numerous, but it will suffice to cite 
three examples. The name “Samson’s Snakeroot” is applied to both Dasystephena 
saponaria and Psoralea pedunculata. The latter is the one of medicinal value 
and may readily be distinguished in powdered form by means of its very much 
larger total and volatile ether extracts. “Blazing Star” is another common name 
applied to several different species. Samples obtained under this label consisted 
of roots of Aletris farinosa, Chamaelirium luteum and Lacinaria squarrosa. The 
data given may be of aid in the determination of the specific identity of a ground 
sample. 
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