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Tofupill lacks peripheral estrogen-like actions in
the rat reproductive tract
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Abstract

Objective: The objective of this study was to evaluate the estrogenic effect of phytoestrogens contained in a commercial food supplement
(Tofupill) on the reproductive tract of ovariectomized rats.
Methods: Food supplement (3.4 or 10.2 mg/kg) and conjugated equine estrogens (CEE, 31 or 100�g/kg) were orally administered, daily
d ht, vaginal
e for
s
R erotonin,
w
C are one of
t luate the risk
a
©

K

1

t
t
m
a
a
s
b
d

f

in-
ation
zing
re
ared
d to
e
mild
nce,
s in
ave
ment
the
ptin
do

0
d

uring 14 days to ovariectomized rats. At the end of treatment, the following determinations were done: dry and wet uterine weig
pithelium condition, and uterine serotonin-induced contractile response. A group treated with 17�-estradiol was included as control
erotonin-induced contractile response.
esults:Food supplement did not display clear estrogenic effects on vaginal epithelium, uterine weight or myometrial sensitivity to s
hereas high doses of conjugated equine estrogens showed estrogenic action.
onclusions:The present data showed that Tofupill displayed a lower estrogenic effect than conjugated equine estrogens, which

he most commonly used hormone replacement therapy for postmenopausal women. However, further studies are needed to eva
ssociated to the use of Tofupill as an alternative to hormone replacement therapy for postmenopausal women.
2005 Elsevier Inc. All rights reserved.
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. Introduction

Phytoestrogens are plant-derived compounds with struc-
ural and functional similarities to estrogens[1]. They appear
o have estrogen-like effects in humans[2]. There are three
ain classes of phytoestrogens: isoflavones, coumestanes
nd lignanes that are found mainly in soybeans, clover, or
lfalfa sprouts, green tea, and oilseeds. Several studies have
uggested that diets rich in phytoestrogens protect against
reast cancer, prostate cancer, colon cancer, cardiovascular
isease, and osteoporosis[3].
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ax: +52 55 5761 0952.
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In premenopausal women, dietary phytoestrogens
crease follicular phase length and/or delay menstru
and significantly suppress midcycle surges of luteini
and follicle-stimulating hormones[4]. Japanese women a
reported to have a low frequency of hot flashes comp
with postmenopausal Western women, in part attribute
their high phytoestrogen consumption[5]. Other studies hav
shown that some dietary phytoestrogens may produce
estrogenic effects in postmenopausal women, for insta
estrogen-like effects on vaginal cytology and reduction
hot flashes[6–8]. From these findings, phytoestrogens h
been proposed as an alternative to estrogen replace
therapy. However, findings are inconsistent. Despite
well-documented effect of estrogens to enhance le
production, even high levels of isoflavone consumption
not alter leptin concentrations in women[9]. Likewise, there
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are intra-assay response variations in some studies, and there
is no clear correlation between estrogenic changes in vaginal
cytology and the effect on hot flashes. These differences in
response may depend on the population studied, soy products
consumed, duration of exposure, and variability in response
to phytoestrogen supplementation in postmenopausal women
[10].

Studies with animals have shown that coumestrol (one
of the most potent phytoestrogens), administered parenter-
ally at a dose of 200�g/day for 3 days exhibited dose-
dependent uterotrophic activity, revealed by uterine weights
similar to those produced by physiological doses of estra-
diol [11]. In rats, Picherit et al. observed that genis-
tein and daidzein might bind to estrogen receptors in the
rat uterus homogenate, and induce a weak estrogenic ef-
fect on in vitro contractile response to either oxytocin
or luprostiol [12]. On the other hand, when soybean es-
trogens were administered to surgically postmenopausal
macaques the vaginal cytological pattern was similar to
that of postmenopausal controls without treatment[13]. In
both, animals and postmenopausal women studies, find-
ings were inconclusive. One fact to take into account
when analyzing phytoestrogen actions is biological po-
tency. The majority of these compounds lack steroidal
structure and are less potent than synthetic estrogens
(10−3 M versus 10−5 M, respectively), and their effects vary
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2. Materials and methods

2.1. Animals

Adult female Sprague–Dawley rats, 200–250 g body
weight, 10–12 weeks old, bred in the center for laboratory an-
imals production and maintenance (National Medical Center
SXXI, IMSS), with free access to food and water, and housed
in groups of 4–5 per cage under a 12:12 h light:dark schedule,
were used. The rats were bilaterally ovariectomized under xy-
lacine (20 mg/kg body weight) and ketamine (45 mg/kg body
weight) anesthesia.

2.2. Treatments

After a recovery period of 2 weeks, rats were randomly
assigned to one of the following groups of 14 day treatment:

Group Treatment Dose n

I Conjugated equine estrogens, low dose 10.4�g/kg 5
II Tofupill, low dose 3.4 mg/kg 5
III Vehicle, low dose 1.0 mL 6
IV Conjugated equine estrogens, high dose 31.2�g/kg 6
V Tofupill, high dose 10.2 mg/kg 6
VI Vehicle, high dose 1.5 mL 5
VII 17�-Estradiol 40.0�g/kg 4
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In spite of inconclusive experimental data, a food sup
ent, named Tofupill, was developed and commercia
s an alternative to estrogen replacement therapy for
enopausal women. In Tofupill formulation, each cap

ontains 34 mg of phytoestrogens extracted from soy
nd flaxseeds. To our knowledge, there are only scarce
ations of the actions of Tofupill on the female reproduc

ract.
The myometrial sensitivity to serotonin is a we

haracterized estrogen-dependent response. It has
hown that estrogens promote specific serotonin-ind
yometrial contractility, which is related to an estrog
ependent increase in the number of uterine serotonin r

ors[15–18]. Indeed, in the absence of an adequate estro
timulus, the myometrium is not sensitive to serotonin[19].
ased on these results, we included the serotonin-ind
ontractile response as an index of estrogenic effects on
metrium.

The aim of the present study was to evaluate the pe
ral estrogenic effect of Tofupill on the following estrog
ependent characteristics of female reproductive tract:

ne weight, keratinization of the vaginal epithelium, and s
itivity of uterine smooth muscle to serotonin-induced c
ractile response.

Since postmenopausal women are potential consum
ofupill, we decided to test the effects of Tofupill on the rep
uctive tract of a postmenopausal model, the adult bilate
variectomized rat.
n

Low dose was calculated on the body weight basis as
imes the dose recommended to postmenopausal wo
hereas high dose was calculated as three times the low
onjugated equine estrogens (CEE) used were the com
ial presentation of commonly used estrogen replace
herapy in postmenopausal women and served as po
ontrol. The groups III and VI that received only the veh
ere included as negative controls for the low- and h
ose treatments, respectively. The group VII was inclu
s a positive control for the serotonin-induced contra
esponse.

Drugs were prepared from the commercial present
f conjugated equine estrogens (Premarin 0.625 mg, W
exico) or the food supplement (Tofupill MR, Suave y Fácil,
exico); tablet or capsule content was pulverized and
ended in the necessary volume of methyl cellulose 0.5
dminister the corresponding dosage in a maximum vo
f 1.0 mL/day (low dose) or 1.5 mL/day (high dose) to e
at. During 14 days, CEE, phytoestrogens, or vehicle
rally administered to rats through a silastic gastric p
very 24 h. Estradiol 17� (10�g/day/0.1 mL) was prepare

n corn oil and injected subcutaneously 48 and 24 h p
xperiments.

.3. Estrogenic activity

Uterine weight.Before performing contractile activity a
ays, the dissected uterus was placed on a filter paper to
nate liquid excess and to record wet weight. At the en
ontractile assays, tested segments and remainder of th
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ine tissue from each rat was dried in a laboratory oven and
dry weight was recorded.
Vaginal epithelium.Daily vaginal smears were taken to

observe the estrogenic effect on vaginal epithelium. Vaginal
smears were observed fresh and were subsequently fixed in
absolute ethanol and stained with hematoxilin-eosin.

In ovariectomized rats, the vaginal smear showed an at-
rophic pattern consisting of leukocytes, mucus and scarce
nucleated epithelial cells. When estrogens were administered
to ovariectomized rats, the vaginal smear consisted mainly of
exfoliated cornified cells[20].

2.4. Uterine smooth muscle sensitivity to serotonin

The day after the last day of treatment, vaginal smear was
recorded, the rat was killed by decapitation, and the uterus
was dissected. Rings approximately 5–7 mm long were dis-
sected from cervical segment of each uterine horn. Uterine
cervical segments were placed longitudinally in a 5 mL or-
gan bath containing Krebs–Ringer-bicarbonate (KRB) solu-
tion with the following composition (mM): NaCl, 120; KCl,
4.6; KH2PO4, 1.2; MgSO4, 1.2; CaCl2, 1.5; NaHCO3, 20;
and glucose, 11. KRB solution pH 7.4 was maintained at
37◦C and gassed continuously with a mixture of 95% O2–5%
CO2. Each uterine segment was placed under optimum rest-
ing force of 1 g and allowed to equilibrate for 1 h before ex-
p ere
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Fig. 1. Wet uterine weight of uterus from ovariectomized rats treated
per os with conjugated equine estrogens: low dose = 10.4�g/kg,
high dose = 31.2�g/kg; phytoestrogens: low dose = 3.4 mg/kg, high
dose = 10.2 mg/kg; or vehicle: low dose = 1 mL, high dose = 1.5 mL. Bars
represent mean of 5–6 animals, T-lines represent S.E.M.∗P< 0.05;
** P< 0.01 as compared with conjugated equine estrogens.

tomized controls (P< 0.01) (Fig. 1). Only uterus from the
CEE-treated rats showed the classical hyperemic appearance
due to estrogenic stimulation.

Similar values of dry weight were recorded for all of the
low-dose treatments. On the contrary, dry weight of high-dose
CEE-treated rats was higher than those of either high-dose
Tofupill-treated rats (P< 0.01) or non-treated ovariectomized
controls (P< 0.05) (Fig. 2). Also, the uterine weight (wet
and dry) from Tofupill-treated rats was similar to that of the
ovariectomized controls (Figs. 1 and 2).

3.2. Effects on vaginal epithelium

Vaginal epithelium from rats treated with low doses of
either CEE or Tofupill was similar to that of non-treated
ovariectomized controls. In the case of high-dose treatments,
only CEE-induced keratinization of vaginal epithelium as
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osure to drugs; during this equilibration period tissues w
ashed with fresh KRB every 10 min. After equilibratio
terine rings were bathed in a depolarizing solution (60
Cl), prepared by equimolar substitution of NaCl for K
his solution produces uterine smooth muscle contractil
ponse that was considered a maximal standard resp
ontractile responses were recorded isometrically w
T03 Grass tension transducer connected to a Grass
B polygraph. After two consecutive similar response
0 mM KCl, uterine segments were exposed to different
entrations of serotonin in a non-cumulative manner (10−8 to
0−4 M). Each serotonin concentration remained in the ti
ath for 10 min.

.5. Analysis of data

Differences in uterine weight between treatments w
valuated with one-way analysis of variance (ANOVA)

owed by Bonferroni test.P< 0.05 was considered statis
ally significant. Values reported are means± standard erro
S.E.M.).

. Results

.1. Effects on uterine weight

Wet weight of uterus from rats treated with either low
igh-dose CEE was higher than that from Tofupill-trea
P< 0.05 and 0.01, respectively) or non-treated ova
ig. 2. Dry uterine weight of uterus from rats treated p.o. with conjug
quine estrogens: low dose = 10.4�g/kg, high dose = 31.2�g/kg; phytoe
trogens: low dose = 3.4 mg/kg, high dose = 10.2 mg/kg; or vehicle
ose = 1 mL, high dose = 1.5 mL. Bars represent mean of 5–6 anima

ines represent S.E.M.∗P< 0.05; ** P< 0.01 as compared with conjuga
quine estrogens.
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Fig. 3. Vaginal smear from high-dose conjugated equine estrogen-treated
rat, cornified and nucleated epithelial cells are observed (hematoxilin-eosin,
40×).

Fig. 4. Vaginal smear from high-dose phytoestrogen treated rat. Small, nu-
cleated cells are observed (hematoxilin-eosin, 40×).

evidenced by abundance of cornified cells and presence of
some epithelial nucleated cells (Fig. 3). Vaginal epithelium
of Tofupill-treated rats displayed presence of leukocytes, mu-
cus, and small-nucleated cells (Fig. 4). On the other hand,

Fig. 5. Vaginal smear from ovariectomized, non-treated rat. A great number
of leukocytes are observed (hematoxilin-eosin, 40×).

Fig. 6. Poligraphic traces of contractile activity of uterine segments from
ovariectomized rats treated with high-dose Tofupill (A), high-dose conju-
gated equine estrogens (B) or 17�-estradiol, 10�g/rat, 48 and 24 h prior
sacrifice (C).

only leukocytes were observed in vaginal epithelium of con-
trol rats (Fig. 5).

3.3. Contractile activity assays

In uterus from rats treated with either conjugated estro-
gens or Tofupill, or in vehicle-treated ovariectomized con-
trols (data not shown), serotonin did not induce contractile
activity. Only rats treated with 17�-estradiol displayed a clear
serotonin-induced contractile response (Fig. 6).

4. Discussion

The present study showed that in our model treatment with
Tofupill did not display either uterotrophic effect or uterine
smooth muscle sensitization to serotonin, but it induced the
presence of small-nucleated cells in the vaginal epithelium.
This is not a clear estrogenic action but may be indicative of
either early or mild estrogenic stimulation. Taken together,
these findings suggest that phytoestrogens in Tofupill lack
clear peripheral estrogenic actions on female reproductive
tract of ovariectomized rats. However, the present data do
not rule out the possibility that phytoestrogens contained
in Tofupill might control hot flashes in postmenopausal
w

ent
o inal
e
p istered
d ffect
o ue
t ious
s the
d ains
i

omen.
In contrast with present findings, a food supplem

f phytoestrogens induced total maturation of vag
pithelium in postmenopausal women[6]. However, in
ostmenopausal macaques soybean estrogens admin
uring 6 months in the diet did not display estrogenic e
n vaginal cytology[13]. These discordances might be d

o species differences. In support of this notion, prev
tudies have reported eight residue differences in
educed amino acid sequence of hormone-binding dom

n comparing human to rodent estrogen receptors[21,22];
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therefore, estrogenicity assays performed in laboratory
rodents might not invariably reflect the activity of the same
compounds on human estrogen receptors.

The different estrogenic potency of phytoestrogens in re-
lation to estrogens should be considered. Flavonoids are 103

to 104-fold less potent agonists than 17�-estradiol, and mi-
cromolar concentrations are required to generate estrogenic
activity [2]. In the present study, we focused on estrogenic
actions of Tofupill as indicated for hormone replacement ther-
apy; thus, low doses were adjusted from those recommended
for postmenopausal women.

Regarding duration of treatment, in the present study daily
oral doses were administered during 14 days, which was
longer than the time of administration in other studies. Whit-
ten et al. observed that a 4 day oral treatment with coume-
strol augmented uterine growth response to estradiol in im-
mature rats[11,23]. In premenopausal women, soy protein
given daily during 30 days (one menstrual cycle) was suffi-
cient to exert effects on the menstrual cycle[4]. Rat estrous
cycle lasts 4 days; thus, the treatment schedule used in the
present study was equivalent to more than three estrous cy-
cles, which seems adequate in view of the studies previously
mentioned.

Other studies are in accord with present findings, for in-
stance: soybean estrogens did not demonstrate estrogenic ac-
tivity on uterine weight of rats in a 2 month treatment sched-
u ng 3
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associated to the use of Tofupill as an alternative for hormone
replacement therapy for postmenopausal women.

Acknowledgement

Authors thank Suave y F́acil de Mexico for the donation
of Tofupill capsules.

References

[1] Gruber CJ, Tschugguel W, Schneenberger C, Huber JC. Production
and action of estrogens. N Engl J Med 2002;346:340–52.

[2] Miksicek RJ. Commonly occurring plant flavonoids have estrogenic
activity. Mol Pharmacol 1993;44(1):37–43.

[3] Bingham SA, Atkinson C, Liggins J, Bluck L, Coward A. Phyto-
oestrogens: Where are we now? Br J Nutr 1998;79:393–406.

[4] Cassidy A, Bingham S, Setchell KDR. Biological effects of a diet soy
protein rich in isoflavones on the menstrual cycle of premenopausal
women. Am J Clin Nutr 1994;60:333–40.

[5] Lock M. Ambiguities of aging: Japanese experience and perceptions
of menopause. Culture Med Psych 1986;10:23–46.

[6] Wilcox G, Wahlqvist ML, Burger HG. Oestrogenic effects of plant
foods on postmenopausal women. Br Med J 1990;301:905–6.

[7] Baird D, Umbach D, Lansdell L. Dietary intervention study to assess
estrogenicity of dietary soy, among postmenopausal women. Clin
Endocr 1995;80:1685–90.

[8] Murkies AL, Lombard C, Strauss BJG. Dietary flour supplementa-
wheat.

X,
on

omen.

[ . J

[ an-
roids

[ JP,
ctile

[ MS.
s on

Steril

[ —a

[ .
enic

[ ase
hem

[ T.
terus

[ ase
nes.

[ irre
to

rma-
le [24]. Similarly, soybean estrogens administered duri
ears did not exert estrogenic actions on vaginal epithe
f ovariectomized macaques[13].

Nevertheless, it is noteworthy that Tofupill lacks es
enic effects on the female reproductive tract, whereas
een reported that it diminishes hot flashes in postmenop
omen[5–8]. A possible explanation could be that phyt
trogens contained in Tofupill acted as selective estr
eceptor modulators (SERM)[25], and could diminish ho
ashes without exerting any effect on uterus or vagina

thelium. Studies on the binding of Tofupill phytoestrog
o estrogen receptors (� and�) and the participation of tran
criptional systems are required to elucidate this notion
ill be the subject of future studies.
On the other hand, a surprising finding was the lac

ffect of CEE on the uterus sensitivity to serotonin. C
s a combination of water-soluble sodium salts of sulfa
sters of several estrogens that may be significantly les

ent than 17�-estradiol itself. Thus, the relative potency
EE as compared with 17�-estradiol as well as route of a
inistration might explain this feature. The present res
lso suggest that both uterotrophic effect and keratiniz
f vaginal epithelium are more sensitive indicators of es
enic effects than the uterine smooth muscle sensitivi
erotonin in rats.

The present data showed that Tofupill administered o
id not induce clear estrogenic effects on uterine we
aginal epithelium or serotonin-induced contractile acti
f rat uterus. Because of the limitations of this descrip
pproach, additional studies are needed to evaluate th
l

tion decreases postmenopausal hot flushes: effect of soy and
Maturitas 1995;21:189–95.

[9] Phipps WR, Wangen KE, Duncan AM, Merz-Demlow BE, Xu
Kurzer MS. Lack of effect of isoflavonic phytoestrogen intake
leptin concentrations in premenopausal and postmenopausal w
Fert Steril 2001;75:1059–64.

10] Murkies AL, Wilcox G, Davis SR. Phytoestrogens clinical review
Clin Endocr Metab 1998;82:297–303.

11] Whitten PL, Russell E, Naftolin F. Effects of a normal, hum
concentration, phytoestrogen diet on rat uterine growth. Ste
1992;57:98–106.
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