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Abstract

Extracts from red cloverTifolium pratensg soybeanGlycine max. and black cohoshQimicifuga racemosgare frequently used as
alternative compounds for hormone replacement therapy (HRT) to treat menopausal disorders. Fifteen commercially available products
made either from red clover, soybean or black cohosh were tested in in vitro assays in this study. The main polycyclic phenolic compounds
of soy and red clover products were biochanin A, genistein, daidzein, formononetin, and glycitein. In red clover products glycitein was
not abundant. All the compounds showed clear estrogenic activity through estrogen recépix) and estrogen recept@r (ERg)
and affinity to progesterone receptor (PR) and androgen receptor (AR), whereas the compounds from black cohosh did not. This was
corroborated by synthetic isoflavones such as biochanin A, daidzein, genistein and formononetin. They exerted affinity to PR and AR in
the range of 0.39—-110 mM. Statistical analysis applying principal component analysis (PCA) revealed that all red clover and soy products
are grouped in different clusters. Red clover products showed a higher affinity to AR and PR than soy products, which is explained by
the higher amount of isoflavones present. In vitro assays and chemical analysis showed that theoretical estrogenic activity expressed as
equivalent E2 concentration is in the same range as recommended for synthetic estrogens. Broader spectrum of action and hypothesizec
lower side effects by action through ERnhake them suitable for alternative hormone replacement therapy.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction (Trifolium pratensg [5]. Clinical studies are controversial
about beneficial effects, but side effects and increased risk
Menopausal disorders caused by estrogen deficiency suclof breast cancer as reported for conventional HRT, have
as hot flushes, sweating, reduced bone density, eye drynesaot become evidenf6,7]. Antiproliferative action of red
and anxiety are treated by hormone replacement therapyclover on endometrium has been suggested but could not
(HRT) using either synthetic or equine estrogens. An in- be confirmed6,8]. Plant extracts showed weak estrogenic
creased risk for breast and endometrial cancer by conven-activity in ovariectomized rats, but did not stimulate cell
tional HRT has been debated in the gdst3]. Plant extracts proliferation in mammary gland®]. Other reports show a
containing polycyclic compounds with estrogenic activ- clear tumor promoting activity of genistein when adminis-
ity, the so-called phytoestrogens have become increasinglytered to rats with implanted MCF7 breast tumor cgli8].
popular as alternative HRT for treatment of menopausal Studies with healthy women suggested that phytoestrogens
disorders. Epidemiological studies suggested that women ininfluence not only estrogen receptor related functions but
countries with a high dietary intake of phytoestrogens have a also the hypothalamo—hypophysis—gonadal §is12].
decreased risk of breast can¢#}. Sources of such phytoe- Also beneficial effects of phytoestrogens on men’s health
strogens are among others s@hfcine max.and red clover have been hypothesiz¢ti3,14] supported by epidemiolog-
ical data[15]. Incidence and mortality of prostate cancer
* Poster paper presented at the 15th International Symposium of are considerably lower in Asian populations than in US and
the Journa_l of Ste_roid _Bioche_mistry and Molecular Bioloq}/, “Repent European populations, yet the incidence of precancerous
gi‘r';r:nif l'g_gée,r\jfy Et')%czhem'sny and Molecular Biology”, Munich. oqinns is the same for these populatif®]. Prevention of
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of the sex steroid hormone receptors and growth factor Clinical data on prevention of prostate cancer by red
pathways. Such mechanisms also became evident from inclover and soy preparations as well as in vivo experiments in
vivo studies with mice and rafd.7]. Phytoestrogens used mice and rat$37,38] suggest interaction of isoflavones and
as food supplements had no adverse effects on endocrinether phytoestrogens with the androgen receptor (AR). Clear
measurement and the phytoestrogen dose had no effecevidence has not been published so far. Progesterone-like
on semen qualitf18]. There are no indications that such activity was found for red clover extracts, whereas reports
extracts of food supplements are not safe. for soy andC. racemosare not availabl¢19].

A big variety of plants have been screened for hormonal The aim of our work was to compare different prepara-
activity [19]. Active compounds in such plant extracts exert- tions intended for alternative HRT regarding estrogenicity
ing estrogenic activity have been classified as isoflavones,and affinity for progesterone receptor (PR) and androgen
coumestans, lignans and dihydroxychalcong,21] receptor. As there is little evidence about the effects of
Coumestans and isoflavones exert high estrogenic activity.isoflavones on androgen or progesterone receptor, we tried
The isoflavones biochanin A, genistein, daidzein and for- to elucidate this subject in our study. We correlated bio-
mononetin are present in high concentrations in red clover logical in vitro assays with chemical analysis in order to
and soy productf22,23]. Thus, red clover and soy have be- compare the actual isoflavone content of various products
come most popular as food supplement for HRT. Biochanin with their biological activity in yeast transactivation assays
A is metabolized in the gut to genistein, formononetin to as well as in competitive radioligand binding assays. Sta-
daidzein and daidzein to equ@4,25] Metabolic pathways tistical evaluation of data by means of principal component
may depend on individual, race and gender. analysis (PCA) was performed to get maximum information

Different cellular and biochemical properties have been out of all accumulated tests.
attributed to the various isoflavones besides their affinity
for the estrogen receptoks and B [26]. It has been hy-
pothesized that the high affinity for estrogen recepgor
(ERB) makes them preferred candidates for alternative HRT,
since effects such as endome.tnal growth_and increased rlskz_l_ Chemicals
of breast cancer observed with conventional HRT can be
avoided. Lc_)ss in bone mineral density, which is oftgn ob- Buffer reagents, dimethylsulfoxide (DMSO), dextran-
served during menopause can be prevented considerably ;

. . “coated charcoal (DCC) ar@nitrophenylg-galactopyrano-
by dietary phytoestrogens from soy or red clover. In in _.
. o . . side (ONPG) were purchased from Merck (Darmstadt,
vitro assays daidzein down-regulated osteoclast differenti- . : 3

) : ; . o Germany) or Sigma (St. Louis, MO). The [d-methyl-H]-
ation by interfering with apoptosis via caspase 3 pathway ;

. i . —7 methyltrienolone{H-R1881) and [1,2,6,PH(N)]-progeste-
[27]. Isoflavones and/or their metabolites also interact with ;
17p-hydroxysteroid oxidoreductags, 29}, aromatasts0] rone as well as unlabeled methyltrienolone (R1881) were

B-hy Y e ' purchased from NEN LifeScience. For yeast media prepara-

and sulfotransferad81]. Isoflavone composition of soy and . . : . .
) : tion, yeast nitrogen base was obtained from Difco (Franklin
red clover extracts is remarkably different. In the plant the . . L .
: ) . : . . . Lakesm, NJ), amino acids from Serva Feinbiochemica
major fraction of isoflavones is present in their conjugated . : .
. ) (Heidelberg, Germany) and from Sigma (St. Louis, MO).
form. In soy they are mainly bound g@isglycosides, acetyl The 17B-estradiol, unlabeled progesterone and isoflavones
B-glycosides[22,32] and malonylB-glycosides while in ' prog

red clover they are present as maloyblycosides[33] (biochanin A, daidzein, formononetin, genistein) were ob-
) y P Bybly - S tained from Sigma (St. Louis, MO). Glass beads (0.25—-
The conjugated forms do not exert estrogenicity, since they .
. . 0.5 mm diameter) were purchased from Merck (Darmstadt,
do not bind to the estrogen receptor. In order to increase

Germany). Human recombinant histidine-tagged proges-
potency of such plant extracts, technology has been devel- : . . :
: . terone receptor B and recombinant rat thioredoxin-fusion
oped to process them in a way that free isoflavones are

. androgen receptor were purchased from Panvera (Madi-
liberated. . . .

son, WI). Samples of different preparations intended for

Extracts from black cohosh are also used for alterna- . .
. - . . hormone replacement therapy were provided by Melbrosin
tive HRT [34]. Several clinical studies showed that side .
) . (Vienna, Austria). The solvents used were HPLC grade.

effects of menopause like hot flushes, menopausal anxi-

ety and depression can be treated successfully with black

cohosh-derived produc{84,35] Such extracts did not ex- 2.2. Yeast strain and growth conditions

ert estrogenic activity in mice and rat36] and also in in

vitro tests with the estrogen-dependent breast cancer cell Yeast strain 188R1 Saccharomyces cerevisjaavas

2. Materials and methods

line MCF7 estrogen-like action could not be obseryed transformed as a two-plasmid system with a humamx ER
In a preliminary study we did not find affinity @imicifuga (YEpE12; CUP1 promoter) or human BRYEpFER3H3,
racemosaextracts to estrogen recepter(ERx) and ERB. CUP1 promoter)39] expression plasmid and a correspond-

It is likely that a metabolic activation of the extract is nec- ing reporter plasmid (YRpE2), which contained two copies
essary to evoke an estrogenic effect. of the vitellogenin ERE and theo-1-cytochromes (CYC 1)
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in a lacZ fusion vectof40]. The auxotrophy markers were The specific enzyme activity was expressed in Miller units
tryptophan (trp) for the expression plasmid and uracil (ura) which take the amount of total protein into account. They
for the reporter plasmid. Gold medium without trp/ura was are defined as follows:

used for yeast cultivation.

Miller units
2.3. Extraction of samples _ ODxs05 1
g of proteiryml At
The pills or capsules were pulverized in a mortar, the sample volume protein assgyl)
. X x R x 1000
powder was suspended in a defined volume of DMSO and sample volum@-galactosidase assgyl)
stirred at 720 rpm. After 5 h the suspension was centrifuged (1)
at 13,000 rpm for 3 min. The supernatant was collected for
further analysis and stored a80°C. whereAt (given in minutes) is the incubation time at 33.
2.4. Transactivation assay 2.7. Curve fitting
For each test run a new overnight culture {80 180 rpm) Data of the transactivation assay were fitted using a logis-

was taken and diluted to Qjgp = 0.4 before use. Amounts  tic dose—response model. Calculation was performed with

of 10, 30 and 5@l of the diluted sample-extracts were added Table Curve 2D software (Jandel Scientific). The function
to 5ml of the diluted yeast culture. The same amount of s described as:

DMSO was added to each sample. Expression of hER was b

induced by addition of 1AM CuSQ,. DMSO alone was Y=a+ m
used as blank. A calibration curve with @-&stradiol was
made within each test run. Determinations were carried out\here the parametarequals the baselinb,is the plateau of

in duplicates. After 4 h of incubation at 3C the yeast cells  the curve (ligand efficiency) antigives the transition center

(@)

were disintegrated. of the curve (ligand potency), which is the concentration that
causes 50% efficiency.
2.5. Preparation of yeast extracts By using this calibration curve the estrogenic activity

of the samples can be expressed in equivalents @F 17
Cells were collected by centrifugation at 2500 rpm for estradiol.
5min. The pellets were resuspended in 1 ml of lacZ buffer
(100mM sodium phosphate buffer, pH 7.0, containing 2.8. Competitive radioligand binding experiments
10 mM KCI, 1 mM MgSQ and 50 mMB-mercaptoethanol),
10,000rpm, 4C). The supermatant was discarded and receptor was determined by competitive radioligand bind-
tion of the yeast cells was performed by vortexing with with 7.98nM PH]-R1881 or 3.21nM [1,2,6,PH(N)]-

with a rest of 15s on ice in the intervals. After centrifuga- pyffer (10mM Tris, pH 7.4, containing 1.5mM EDTA and
tion (10 min, 10,000rpm, 4C) B-galactosidase assay and 1094 (v/v) glycerol) and 3Q. of an appropriate dilution of

protein assay were performed. the androgen or progesterone receptor, respectively, were
added and incubated for 16—-18h. In parallel non-specific
2.6. B-Galactosidase assay and protein determination binding was determined by adding a 200-fold excess of

unlabeled R1881 or unlabeled progesterone, respectively,

A small amount of the clear supernatant of the samples which have a binding affinity to the corresponding recep-
was transferred into the wells of a 96-well microtiter plate. tors similar to the radioactively labeled ligands. As a carrier
An amount of 25Qul of a 4 mg/ml solution of the chro-  protein casein was added to the incubation buffer in a con-
mogenic substrate-nitrophenyl8-galactopyranoside were centration of 1 mg/ml. The unbound radiolabeled ligand
added and the plate was incubated at@7or about 15 min was removed by incubation with 3@0 dextran-coated
until a yellow color had developed. The color reaction was charcoal for 15min at 4C. Samples were centrifuged
stopped by adding 100l of 1 M Na,CQOs. The absorptionat (6000 x g for 10 min at 4C), aliquots of the supernatant
405 nm was measured with a SLT EAR 400 AT plate reader (100ul) were added to scintillation cocktail (3ml) and
(SLT, Salzburg, Austria). counted for 1 min. All determinations were carried out in

Amount of total protein was quantified with the Bio-Rad duplicates. Counter efficiency was measured in parallel to
protein assay reagent. A BSA-standard curve was createdeach assay by measuring a known amount®efl{R1881
within each test run. and [1,2,6,72H(N)]-progesterone, respectively.
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2.9. Determination of isoflavones by HPLC whereKy is the affinity constant of the individual ligand
[Hos] is the potency of the individual ligand, [L] is the con-

The HPLC analyses of the isoflavone content of the sam- centration of the free radioactive ligand in the displacement

ples were performed according to Krenn et[4l]. Briefly, experiment andk. is the affinity constant of the radioactive

the tablets or the content of the capsules were homogenizedligand to the receptoiK. was assumed to be in the range

For red clover preparations, 50 mg of the homogenous mate-of 1 nM.

rial were dissolved by sonication with 5.00 ml dimethylsul-

foxide/water (3:1). After filtration, to 50Ql of the filtrate 2.12. Statistical analysis

40l of internal standard (15mg 6-methoxyflavanon/ml)

were added and 30 of the mixture were analyzed. Principal component analysis was performed with accu-
The extraction of the soy products was performed accord- mulated data from biological in vitro assays and from chem-

ing to Jones (slightly modified}#2]. An amount of 200mg  ical HPLC analysis. Data were autoscaled and PCA was

of the homogenized material were extracted under reflux performed with Matlab software (Mathworks, Natick, MA)

with 9 ml methanol and 4 ml of concentrated HCl for 3h. The using singular value decomposition.

hydrolysate was washed with 65% methanol and brought to

pH 5.5-6 with sodium hydroxide solution. The solution was

washed three times with 20 ml hexane. The aqueous layer3. Results

was then extracted with 20 ml and three times 5 ml diethyl

ether. After evaporation of the combined extracts the residue  The effect of various standardized plant extracts intended

was dissolved in 2ml DMSO. An amount of 5a0of the for hormone replacement therapy on the different steroid
solution were treated as given earlier. hormone receptors was subject of this study. The impact
HPLC was performed on a 250 mmpn4 mm i.d. Hyper- of phytoestrogens extracted from red clover or soybean on

sil BDS-Cig 5um column (Shandon, Runcorn, UK). The human steroid hormone receptors has not been fully in-
eluent consisted of water, adjusted with sulfuric acid to vestigated yet. In this study the potential of a preparation
pH 2.7 (A) and acetonitrile (B). The gradient profile was: to transactivate estrogen receptorand estrogen receptor
0-35min, 20-37% B; 35-45min, 37-100% B: 45-50min, B was tested in a yeast estrogen screen (YES), whereas
100% B; 50-51 min, 100—20% B; 51-61 min, 20% B. Flow binding to androgen receptor and progesterone receptor
rate: 1 ml/min. Wavelength of detection: 254 nm. was determined in a competitive radioligand binding as-

say. Isoflavone content of the samples was determined by
2.10. Calculation of theoretical estrogenic activity from  reversed phase HPLC. The results of the accumulated data
HPLC-results were analyzed in a principal component analysis. A list
of the tested preparations including the source from which
they originate is shown iffable 1

Relative potency (pg@t) of the individual compounds was _ )
Yeast estrogen screens of all preparations wittx BRd

calculated by dividing the potency of each individual com- 211~ e
pound (poo) by the potency of E2 (peb) (Eq. (3): ERB were performed in different dllutlons. pata show_n
oot here are averages of at least two determinations at various
_ iso

POty = —22 (3) concentrations. The equivalent estrogenic activities were
POte; calculated using an E2-standard curve performed within

The theoretical equivalent concentration ofpidstradiol ~ €2ch test runtable 2. Except Rimostil all samples orig-

(E2neon) is the sum of the individual theoretical E2 concen- nating from soy or red clover showed higher activity in
trations of the standard red clover phytoestrogens, which the yeast transactivation assay usings8Ran using ER.

are calculated by dividing the content of the individual 1h€ Potency of Liviella, a hormone preparation contain-

isoflavone ¢so) by its relative potency pgf (Eq. (4): ing the synthet?c c_ompound Ti_bol_o_n, to act@vgte [ERas
very weak, while it showed significant activity on ER

Ciso,i Soy-derived products had very little estrogenic activity on
E2heor = Zpo_tra (4) ERa. Usually their equivalent E2 concentration was lower
i=1 than that of red clover-derived preparations also inBER
Remifemin, the only sample that contained isoflavones
from black cohosh, showed no activity in any of the assays
. performed in this study.

Affinity constants of plant extracts to androgen and " gyandard compounds of red clover were assayed for acti-
progesterone_ 'receptor were calculated f'rom the .radIO|I- vation of ERx and ERB. The logistic dose-response curves
gand competition data by using an equation described by ;. shown inFigs. 1 and 2 The potency, which is the
Cheng-Prusoff43] (Eq. (5): concentration of ligand at half maximal response, and ef-

[Hos] ficiency, which is the maximum response, were calculated
Kn = 1+ (/KD ) from the fitted function according t&q. (2) The values

n

2.11. Calculation of affinity constant
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Table 1
List of the samples (drugs) tested in this study
# Sample Supplier Source Botanical nomenclature Recommended daily
dose (mg isoflavones)
1 Promensil Novogen Red clover T. pratense 40
2 Rimostil Novogen Red clover T. pratense 57
3 Trinovin Novogen Red clover T. pratense 40
4 Rotklee Activ tablets HWS OTC-Service GmbH Red clover T. pratense Not available
5 Rotklee tablets MeRoSan GmbH Red clover T. pratense Not available
6 Red clover Novogen Red clover T. pratense 40
7 Isoflavones Boots Red clover T. pratense 40
8 Menoflavon Melbrosin Red clover T. pratense 40-80
9 Soy Plus capsules Okopharm GmbH Soybean G. max. 80
10 Orthomol femin Orthomol GmbH Soybean G. max. 40
11 Isoflavones from soybean extract Sanamed Soybean G. max. 40
12 Aria Lichtwer Pharma Soybean G. max. 50
13 Remifemin Schaper & Brimmer Black cohosh C. racemosa A
14 Life Extension LifeScience Soybean, black cohoshG. max, C. racemosa 110
15 Tibolon Liviella Organon Synthetic Not applicable Not applicable
2|sopropanolic extract (40% (v/v)) equivalent to 40 mg of the drug.
Table 2
Equivalent E2-activity of the preparations tested in the yeast estrogen screen usiranBRER
# Sample ER ERB
Equivalent E2 S.D. Equivalent E2 S.D.
concentration (nmol/g) (nmol/g) concentration (nmol/g) (nmol/g)
1 Promensil 80.6 31.9 168.3 2.8
2 Rimostil 167.2 2.8 94.2 7.7
3 Trinovin 58.5 4.1 160.9 41.9
4 Rotklee Activ tablets 67.0 5.7 165.2 51.5
5 Rotklee tablets 715 7.4 167.2 9.6
6 Red clover 53.5 20.4 1014 7.4
7 Isoflavones 63.7 26.2 114.8 7.0
8 Menoflavon 99.6 27.9 192.7 22.7
9 Soy Plus capsules 1.7 0.3 43.7 155
10 Orthomol femin 0.8 0.0 23.9 2.4
11 Isoflavones from soybean extract 8.5 0.5 332.0 101.4
12 Aria 1.8 0.5 33.7 0.2
13 Remifemin No activity - No activity -
14 Life Extension 3.7 0.9 36.8 9.7
15 Tibolon Liviella 49.5 3.1 6.1 11

S.D.: standard deviation.

for potency and efficiency of the standard isoflavones are standard compound B7estradiol. The potency of genistein
shown inTable 3 In the transactivation assay using &Br was about 160-fold higher in the assay usingBERan in
ERB potencies of the standard isoflavones were about two the assay with ER. Also the relative response of genistein
to five orders of magnitude lower than the potency of the in respect of 1B-estradiol was higher in ERthan in ERx.

Due to the structural similarity of steroid hormone recep-
tors it is likely that phytoestrogens show activity not only
on the estrogen receptossand 8 but also on other steroid
hormone receptors. Competitive radioligand binding assays

Table 3
Transactivation induced by phytoestrogens on humaix BRd human
ERB measured by yeast estrogen screen

Ligand Potency (E€) (mol/) Efficiency" (%) of different dilutions of the isoflavone preparations resulted

ERa ERB ERx ERB in a binding to androgen and progesterone receptor in a
17p-Estradiol 68E10  89E11 1000 1000 dose-dependent manner. Bmdmg curves pf the products to
Biochanin A 11E-06  4.3E-07 589  103.0 PR and AR have been fitted with a logistic dose—response
Daidzein 1.3E-05 5.3E-07 30.7 945 model. 1G values of the tested substances are shown in
Formononetin ~ 1.4E06  1.1E-06 82.9 84.0 Table 4 The affinity of the isoflavone preparations tested
Genistein 8.8E07 5.2E-09 110.1 229.0

in this study usually was higher to AR than to PR whereas
aFold induction, 1B-estradiol: 100%. the synthetic product Tibolon bound more strongly to PR.
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Fig. 2. Logistic dose-response curves offd&stradiol and isoflavone
standards determined in a yeast assay using. HRe relative response has
been calculated in respect to the response towafdekiradiol (100%).
Concentrations are denoted in mol/l.

Fig. 1. Logistic dose-response curves of3d&stradiol and isoflavone
standards determined in a yeast assay using. HRe relative response has
been calculated in respect to the response towafdekiradiol (100%).
Concentrations are denoted in mol/l.

Remifemin, which is derived from black cohosh showed no Stances to both receptors are showiidble 5 Formononetin
b|nd|ng to either of the steroid hormone receptors_ had the lowest aff|n|ty to both PR and AR, whereas biochanin

Binding studies of standard isoflavones derived from red A was the most potent isoflavone extracted from red clover,
clover showed that these compounds could compete withregarding binding to AR and to PR. Affinity constants of
methyltrienolone and progesterone in binding to their re- the standard isoflavones were calculated uging(5) Dis-
spective receptors. The potencies of binding of these sub-Sociation constants for the receptor—ligand complexes were
assumed to be in the range of 1 nM.

Reversed phase HPLC analysis of the samples showed that

ed clover preparations consisted mainly of biochanin A and

Cgormononetin Fig. 3. These compounds were not presentin
soy preparations. The amount of genistein and daidzein was

Table 4
ICsp values and standard errors of logistic dose—response curves obtaine
by binding of samples to AR and PR

#  Sample IGo (mg/mi) small in red clover products compared to soy preparations.
AR PR The total isoflavone content determined for all red clover
1 Promensil 1.4+ 14 5.0+ 14.5
2 Rimostil 4.3+ 0.9 22.9+ 82.6
3 Trinovin 35+ 18 6.2+ 5.2 Table 5 o _
4 Rotklee Activ tablets 8.6 9.1 51+ 0.6 Potencies of standard phytoestrogens and affinities to the respective re-
5  Rotklee tablets 24 1.0 45+ 1.0 ceptor determined by competitive radioligand binding experiments to AR
6 Red clover 3.8- 16 35+ 1.8 and PR
7  Isoflavones 1.8 05 3.2+ 0.6 Ligand PR AR
8  Menoflavon 1.9+ 0.2 5.3+ 0.8 — —
9  Soy Plus capsules 11526  35.6+ 30.1 ICs0 Affinity ICs0 Affinity
10  Orthomol femin 5.0k 0.2 33.6+ 2.4 (mg/ml)  constant  (mg/ml) constant
11  Isoflavones from soybean extract  5:90.7 17.2+ 4.6 (mM) (mM)
12  Aria 4.8+ 165.2 23.3+ 6.6 Biochanin A 1.1 0.9 1.0 0.4
13  Remifemin No activity No activity Daidzein 134 125 9.6 4.2
14  Life Extension 7.0+ 1.4 50.2+ 43.1 Formononetin 54.2 48.0 265.1 110.0
15 Tibolon Liviella 0.9+ 0.1 0.03+ 0.0 Genistein 10.4 9.2 1.0 0.4
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Fig. 3. Isoflavone content analyzed by reversed phase HPLC given as percent of weight; (a) implies data not available.

products corresponded to the declaration, while it was lower Accumulated data of all analyses performed within this
in soy preparations. Although the extraction of these samplesstudy were treated statistically in a principal component
was performed according to a method published, it was notanalysis. Red clover preparations were clearly separated
clear whether the lower amounts were due to unsuitable from the rest. High values of features 1 (equivalent E2
extraction for the release of the isoflavones from the protein concentration in YES using EB, 2 (equivalent E2 con-
binding or to an actual lower amount of isoflavones in soy centration in YES using E®, 5 (biochanin A content)
preparations. and 6 (formononetin content) were characteristic for red

A comparison of theoretical equivalent estrogenic activ- clover preparations, high values of features 7 (genistein
ity calculated from HPLC data and data obtained from yeast content) and 8 (daidzein content) for soy preparations and
transactivation assay showed that in most cases theoreticalow values of features 3 (affinity to AR) and 4 (affinity to
estrogenicity was higher than estrogenicity determined by PR) for the synthetic product Tibolon. The variance of the
yeast estrogen screeffaple §. The difference between first component was 48.2% and the variance of the second
these two determinations was wider for soy products than component was 30.3%-(g. 4).
for red clover preparations. The theoretical equivalent estro-
genic activity of preparations derived from soy was higher
in ERB than in ERx. This was due to the high potency of the 4. Discussion
soy-derived isoflavone genistein in the [Egeast screen.

Only limited information is available on standardized
plant extracts intended for estrogen replacement therapy.
Soy products and red clover products have been compared
by chemical analysi§22,23] The compounds responsible
for estrogenic activity in products made from soy or red
clover are isoflavones. Red clover has a high content of
Theoretical YES  Theoretical YES biochanin A and formononetin, which are metabolized to
genistein and daidzein, respectively. The isoflavones con-

Table 6
Equivalent estrogenic activity calculated from HPLC analysis and YES
potency data of the single compounds

#  Sample ER (nmol E2/g) ERB (nmol E2/g)

Promensil 147.0 80.6 146.4 168.3

2 Rimostil 4317 167.2 1005 942 tained in soy are mainly genistein, daidzein and glycitein.
3 Trinovin 149.9 585 141.4 160.9  Assuming a quantitative conversion of biochanin A to genis-
4 Rotklee Activ tablets  153.2 67.0 260.5 165.2  tein and of formononetin to daidzein, red clover prepara-
5 Rotklee tablets 152.1 715 2645 167.2 " tions have a much higher theoretical estrogenicity compared
6 Red clover 154.7 53.5 124.6 lo14 ducts. Th lant extract tain th

7 Isoflavones 159.2 637 144.3 1148 O SOy products. These plant extracts contain the same or
8  Menoflavon 149.2 99.6 103.7 192.7 More active estrogenic compounds compared to synthetic
9 Soy Plus capsules 24.4 1.7 4729 43.7 estrogens or Premarin, a natural product consisting of a lot
10 Orthomol femin 26.1 0.8 521.0 23.9 of Conjuga‘[ed equine steroids.

12 Aria _ ar.7 18 9421 33.7 The variation of isoflavone content in these preparations is
14 Life Extension 47.0 3.7 9183 36.8

due to varying raw material and extraction procedife&s.
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Fig. 4. Statistical treatment of accumulated data by principal component analysis.

The isoflavone content depends on the cultivar, site, soil The potencies of standard isoflavones were in good agree-
and climatic conditions in red clover. In addition, extraction ment with data published previously by Dornstauder et al.
procedures influence the ratio between free and conjugated45]. The same potencies and efficiencies were found for
isoflavones. Conjugated isoflavones are not active, but theyall compounds except the efficiency of formononetin, which
can be metabolized in the gut. The same properties have beemvas higher, and the efficiency of daidzein, which was lower
observed with soy products. Both soy and red clover prepa-using YES with ER in the present study. The accuracy of
rations contain sufficient estrogenic activity to be a candi- ERB assays was always lower than the accuracy of BB
date for HRT. Currently a daily dose of 40 mg isoflavones says. Efficiency measured as the maximum level of reporter
is recommended by most suppliers of red clover and soy gene expression is related to the stability of the transcription
extracts. Values stem from epidemiological studies assum-complex[21]. It seems that the active transactivation com-
ing that a daily intake of at least 40 mg isoflavones through plex in this artificial system using full length BRs not as
soy-rich diets have beneficial effects. This dose is often re- stable as observed in transactivation assays with.BRe
lated to free isoflavones. Cleavage of conjugated isoflavonesmore important information is potency. In this respect YES
can elevate this level. is a very robust assgy6].

The theoretical estrogenicity of the phytoestrogen prepa- Theoretical estrogenicity calculated Ey. (4) by divid-
rations expressed as equivalent E2 concentration is in theing each isoflavone content by its relative potency found in
same range as recommended for synthetic estrogens. PlanYES differed significantly from experimental values found
extracts definitely can replace lacking estrogen and in addi- in transactivation assays. For red clover products the vari-

tion they show higher affinity to ERthan to ERx. It has ation between theoretical and experimental estrogenicity
been hypothesized that proliferation of endometrium and was in the same range for all products. This difference
breast cells is not promoted by activation of ERThus, could be due to sample preparation, which was different

those compounds are considered to have a clear advantagbetween chemical and biological analysis. Isoflavones are
over synthetic estrogens, since they exert higher affinity to present as free compounds or conjugated with sugars at
ERRB than to ERx. Lower side effects can be expected when the 7 and 4 position or with malonate esters of sugars at

such substances with high affinity to BRre administered.  the 7 position. Isoflavones can also be acetylated. Malonate
Clinical data on red clover and soy preparations are rare andesters are especially labile and isoflavones can be liberated
contradictory. More in vivo and in vitro studies are required during the sample preparation procedure. The complexity
to support the hypothesis of lower side effects. of such natural extracts makes rigorous standardization
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extremely important. Since so many compounds with sim- are required to assess their antagonistic and agonistic nature.
ilar physicochemical properties are present, in vitro assaysThe applied methodology does not allow a discrimination
are a good means to complement the chromatographic methbetween agonist and antagonist.
ods. Chromatographic methods only quantify main com-  Rimostil is the only red clover-derived product that shows
pounds. Setchell et a[22] found 78.15mg isoflavones/g a higher activity in transactivation assays usingeEtfRan
for Promensil, 73.39mg isoflavones/g for Trinovin and using ERB. Beneficial effects of phytoestrogens in the treat-
37.21 mg isoflavones/g for Soy Plus. We found 70.0 mg ment of menopausal disorders are often attributed to a higher
isoflavones/g for Promensil, 71.1 mg isoflavones/g for Tri- affinity of those preparations to BRhan to ERv in contrast
novin and 18.5 mg isoflavones/g for Soy Plus capsules. Forto E2 and other synthetic estrogens.
the latter it is not clear if we have tested the same product Products considered beneficial for treating menopausal
and comparable lots. On the other hand, as already men-disorders may also have other activities such as inhibition or
tioned previously, variation due to different raw material interference with aromatase, hydroxysteroid dehydrogenase,
and sample preparation can also explain differences. and sulfotransferase. It has been clearly demonstrated that
Glycitein, another isoflavone present in soy preparations, they possess antioxidant activiy0].
has been disregarded in the biological in vitro assays per- The high content of phytoestrogens makes these prepa-
formed in this study. Some authors report that glycitein has rations a useful alternative for conventional estrogen re-
an estrogenicity similar to the other soy isoflavones genis- placement therapy. Extracts from different plants vary in
tein and daidzeirf47]. For some soy preparations a high isoflavone composition and mode of action in the mam-
glycitein content has been determined whereas in others itmalian organism. Further investigations are necessary to
was low. Different extraction procedures or raw material fully elucidate action of phytoestrogens, not only on the es-
sources may be responsible for the varying glycitein content trogen, but also on the progesterone and androgen receptor.
of different products. Clinical results, in vivo and in vitro data suggest red clover
Extracts derived from black cohosh did not interact with and soy extracts as alternative compounds for hormone re-
any of the steroid receptors (kRERB, PR and AR) in the placement therapy. The spectra of action observed with red
in vitro assays performed in this study, but a positive effect clover and soy products are thought to be different.
on climacteric disorders in some in vivo experiments and  Phytoestrogens have also been claimed to be beneficial in
several clinical studies has been repof&48] Polycyclic protection against prostate can&t]. Their affinities to the
compounds such as triterpene glycosides of the cycloartanesteroid receptors ER ERB and AR support this hypothesis.
type were extracted from roots &. racemosd49]. It is
probable that a metabolic activation of this plant extract is
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