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Summary

Trifolium pratense L. is a legume containing large amounts of  phytoestrogen. It contains four important
estrogenic isoflavones (biochanin A, formonentin, genistein, daidzein) and coumestans. The effect of
Trifolium pratense L. on the testes of  rats was investigated in terms of the following parameters: (a) testis
weights, (b) volume densities of seminiferous tubule, seminiferous tubule epithelium, spermatogonium
nucleus and Sertoli cell nucleus and (c) Sertoli cell number. For comparative purposes, the effect of the well
characterized exogenous estrogen, 17-β estradiol was also examined. Female Wistar rats (n = 80) and their
male offspring (n = 54) were divided into 3 diet groups. The first group were given a basic diet with 7.5%
Trifolium pretense L. added, the second group were given the basic diet with 0.5mg/kg dose of 17-β
estradiol added and the control group fed with the basic diet alone. The male offspring were sacrificed at
postnatal days 18  and 90. Trifolium pretense L. in the diet  was found  to have a short term  positive effect
on pupertal spermatogenesis but a negative effect on it in the long term. 
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Trifolium pratense L. (Kırmızı yonca)’nın Rat Testislerine Etkisi

Özet

Legimünöz ailesine ait olan Trifolium pratense L. fitoöstrojen içeren bir mera bitkisidir. Dört önemli
isoflavon (biochanin A, formonentin, genistein, daidzein) ve koumestanlar� taş�d�ğ� bilinmektedir. Bu
çal�şmada, Trifolium pratense L.’nin s�çan testisleri üzerine olan etkileri araşt�r�ld�. Bu bağlamda testis
ağ�rl�ğ�, seminifer tübül ve seminifer tübül epitelinin hacim yoğunluğu ile spermatogonyum hücrelerinin
hacim yoğunluğu ve Sertoli hücrelerinin çekirdekleri hacim yoğunluğu yönünden incelendi. Ayr�ca
Trifolium pratense L.’nin Sertoli hücresi say�s� üzerine olan etkileri saptand�. Karş�laşt�rma yapabilmek için
17-β estradiol’un etkisi, yukar�da bildirilen parametreler yönünden incelendi. Bu araşt�rmada, dişi Wistar
s�çanlar (n=80) ve bu dişilerden doğan erkek yavrular (n=54) üç gruba ayr�ld�. Birinci grubun temel diyetine
%7.5 oran�nda Trifolium pratense L., ikinci grubun temel diyetine 0.5 mg/kg 17-β estradiol eklendi. Üçüncü
grup ise kontrol grubu olarak ayr�ld�. Dişi s�çanlar, gebelik ve laktasyon periyodlar� boyunca ait olduklar�
grubun diyetleri ile beslendi. Bu annelerden doğan erkek yavrular�n sütten kesildikten sonra 12 hafta
boyunca kendi annelerinin diyetleriyle beslenmesi yoluna gidildi. Her grupta, erkek yavrular�n yar�s� 18
günlük olduklar�nda, diğer yar�s� da 90 günlük olduklar�nda CO2 anestezisi alt�nda sakrifiye edildiler.
Sonuçta; diyetteki Trifolium pratense L.’nin spermatogenezis üzerinde k�sa süreli olumlu bir etkiye sahip
olduğu, uzun dönemde ise bu etkinin olumsuz yönde olduğu saptand�.
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INTRODUCTION

Several studies have shown that estrogens play a
significant physiological role in male reproductive
development and function 1. It is clear that exposure
of developing males to exogenous estrogen either in
utero or neonatally can result in a range of
abnormalities of reproductive development and
function. Phytoestrogens are plant compounds
which have estrogen-like biological activity. They
are present in a wide variety of food sources.
Phytoestrogens are similar to endogenous estrogens,
in both structure and function 2,3. There is growing
evidence that neonatal exposure to phytoestrogens
and environmental estrogens affects spermatogenesis
in males 4. Red clover (Trifolium pratense L.; family
Leguminoceae) (Tp), a legume containing large
amounts of the phytoestrogen, is used as a source of
feed. It contains four important estrogenic
isoflavones (biochanin A, formonentin, genistein,
and daidzein) and coumestans. Isoflavones are the
most potent estrogenic compounds in Tp 5.

The aim of this study was to investigate the
effects of Tp on the testes of the rats in terms of the
following parameters: (a) testis weights, (b) volume
densities of seminiferous tubule, seminiferous
tubule epithelium, spermatogonium nucleus and
Sertoli cell nucleus and (c) Sertoli cell number. For
comparative purposes, the effect of the well
characterized exogenous estrogen, 17-β estradiol
(E2), which has adverse effect on testis weight 4,6,7,
was also examined. 

MATERIAL and METHODS

Plant materials

Trifolium pratense was gathered from local
fields in the Marmara region of Turkey, between
the month of May and July 2005. The plant was
dried in a non-humid room at 25°C and the dried
leaves of the plant were grounded with a blender.
The powdered part was kept in nylon bags and
stored in the dark until the time of use. The plant
was identified by Assoc. Prof. Dr. Tuna Ekim. A
dried specimen was deposited in the Herbarium of
Istanbul University, Faculty of Pharmacy (ISTE-
Herbarium), with registration number 39935. 

The isoflavone content of 200 mg of the dry
matter  was determined with RP-HPLC by the
Institute of Pharmacognasy, Pharmacenter, Vienna
8. The mean isoflavone contents (%) of Tp were

0.0132, 0.0189, 0.2739, 0.3030 for daidzein,
genistein, formononetin and biochanin A, res-
pectively. E2 was purchased from Sigma Chemical
Co. (St. Louis, USA).

Female Wistar rats were fed on a commercially
available diet (basic diet) for 2 weeks before being
mated. The diet consisted of bran 35%, wheat
7,8%, barley 10%, soy bagasse 25%, sugar beet
pulp meal 2%, limestone 2%, ether extract 2%,
middlings 10%, maize 5%, salt 1% and vitamin
premix 0.2%.

They were then divided into 3 diet groups. The
first group, Tp were given the basic diet with 7.5%
Tp added, the second group E2 were given the basic
diet with 0.5mg/kg dose of E2 added and the control
group were fed with the basic diet alone. The female
rats (n=80) and their male offspring (n=54), were
given these diets throughout the gestation and
lactation periods and their male offspring continued
on their mother’s diets for 12 weeks after weaning.
The male offsprings were sacrificed at age 18 and
age 90 days , since 18 days  has been determined to
be the time by which Sertoli cell number per testis
has reached its final quantity, and 90 days  assumed
the time by which rats have gained fertility and the
capability of mating 9,10.

The animals were killed by cervical dislocation
after being anesthetized with CO2. The body and
testis weights of all animals were recorded at
death and the gonado-somato indices (testis
weight/ body weight) were calculated. The testes
were fixed in Bouin’s solution for 24 h. Sections of
tissue, 4 μm thick, embedded in paraffin, were
sampled in a random systematic manner and
stained with Harris’ haematoxylin and eosin.

The phytoestrogen content of the Tp used in
our study was different from that of the Tp found
in other regions reported in literature. However
the phytoestrogen content of Tp has been found to
vary with climate, the conditions at which it is
dried and the method of silage production 11,12. The
feed used in this study consisted of 25% soybean
bagasse, which was estimated  to have an average
phytoestrogen content of 500 ppm, according to
Degen et al. 13. The 7.5% Tp added diet, according
to our estimation, contributed a further 500 ppm
of phytoestrogen, making the total phytoestrogen
content of this group about 1000 ppm. This level
was high but non toxic as the toxic dose for
genistein has been reported to be 1250 ppm 14.
Furthermore, in a preliminary study we found that
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adding 7.5% Tp did not cause a toxic effect. The
Animal Experiments and Ethic committee of
İstanbul University Faculty of Veterinary Medicine
approved this experiment.

Histological evaluation

The volume densities of the seminiferous
tubule, seminiferous tubule epithelium were
determined at age 18 and 90 days and those of the
spermatogonium nucleus and Sertoli cell nucleus
were determined only at 18 days with the standard
point counting method 15. Four sections from each
testis were randomly selected. The images were
transferred from a Nikon Fx microscope to a
computer monitor. Using a systematic clock-face
sampling pattern from a random starting point, 20
fields were evaluated. A 130-point grid printed on
a transparency was placed over each field. The
number of grid points over the Sertoli cell nucleus,
spermatogonium nucleus, seminiferous tubule
epithelium and seminiferous tubule were counted
and expressed as percentage. 

For determining Sertoli cell numbers the per-
centage volume (volume density) was converted to
absolute volume per testis by multiplying it by the
testis volume, which was taken to be a measure of
testis weight. This was justified as shrinkage was
minimal, i.e. testis weights before and after
fixation were comparable. The Sertoli cell number
was determined by the nucleator method as
described previously 9,16. In brief, this involved
obtaining the Sertoli cell nuclear volume for each
animal by measuring 4 separate nucleolus to
nuclear membrane radii for each of between 50
and 70 Sertoli cell nuclei, and then determining
the mean value of the nuclear volume with the aid
of a standard equation. The Sertoli cell number
was then obtained by dividing the absolute Sertoli
cell nuclear volume by the mean Sertoli cell
nuclei volume in each testis.

Statistical Analysis

Data were analysed with one-way analysis of
variance (ANOVA) and followed by a Duncan test
using the SPSS 11.0 program. The significance
level was ascertained at P<0.05.

RESULTS

Testis weight

Among the 18 day old rats the Tp group had
the heaviest body weight although it was only
significantly heavier than that of  the E2 group in
Table1.

Among the 90 day old rats, the body weights
of both the Tp and E2 groups were significantly
lower than controls (Table 1).

Among the 18 day old rats, the left testis
weights of E2 group were significantly lower than
those of the other groups. Among the 90 day rats,
the left testis weights of both the Tp and E2 groups
were significantly lower than controls. The
gonado-somato indices did not significantly differ
between diet groups for either the 18 day or 90
day rats (Table 1). 

Histological evaluations

In the 18 day old  animals, the seminiferous
tubule volume density did not significantly differ
among groups in Table 2. However, the
seminiferous tubule epithelium volume density
was significantly higher in the Tp group than in
the others (Table 2).  Yet in the 90 day animals, in
both experimental groups, the seminiferous tubule
epithelium volume density was less than the
controls in Table 3. Although the differences were
not statistically significant, in the 18 day animals,
Sertoli cell number and spermatogonium nucleus
volume density were highest in Tp group (Table 2).
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Table 1. Body weights (g), left testis weights (g), gonado-somato indices (testis weight/body weight) of 18 and 90 day old rats
Tablo 1. 18 ve 90 günlük s�çanlar�n, vücut ağ�rl�ğ� (g), sol testis ağ�rl�ğ (g), gonad-vücut ağ�rl�ğ� indeksi (testis ağ�rl�ğ�/vücut ağ�rl�ğ�)

a, b: The differences between the means of groups with different superscripts (in the same column) are significant
* P<0.05, ** P<0.01, *** P<0.001 are  in comparison with  the respective control group. Data are mean ± SE

GROUPS (n)
Body Weight (g) Left Testis Weight (g) Gonado-Somato Index

18 day 90 day 18 day 90 day 18 day 90 day

Control (10)
Tp (10)
E2 (10)

20.9±0.59 ab

23.4±2.24 a

16.9±0.10 b, *

187.89±3.61a, ***
118.58±5.96 b

123.77±5.29 b

0.050±0.001 a

0.057±0.005 a

0.038±0.0004 b, **

1.31±0.04 a, ***
0.66±0.08 b

0.79±0.04 b

0.0023±0.00005
0.0024±0.00007
0.0022±0.00002

0.0069±0.0001
0.0054±0.0005
0.0056±0.0007



DISCUSSION

Testis weight

Many studies have also reported a decrease in
testis weights of animals administered estradiol 4,6,7.
Soybean and its products which contain iso-
flavones, i.e. genistein and daidzein have been the
subject of much research. Genistein and soy-
containing diets have been reported to have no
significant effect on testis weights of animals 17-19.
However, Atanassaova et al.4 reported that for
both 18 day old and adult rats, those on a soybean
free diet had significantly higher testis weights
than those on a diet containing soybean. On the
other hand, Kang et al.20 reported that testis
weights increased during the neonatal period and
did not change during the adult period in animals
receiving genistein. The observed increases in
testis weights in the 18 day Tp group are
consistent with those of Kang et al.20. However the
decrease in the adult differs from the the findings
of the studies above and may be due to the higher
Tp dose used in our study. However, lower testis

weight in the Tp, could simply have been due to
the 7.5% Tp, lowering  total energy and protein
intake over an extended period leading to lower
body weights thus testis weight.  No significant
differences in terms of gonado-somato indices
between the groups supported this assumption. In
other studies the active substances have been
either injected or added to the feed in very low
percentages. However, it has been also reported
that soy-containing diets resulted in reduction of
testis weight of 68 day old rats  21.

Histological evaluations

High doses of Diethylstilbestrol (DES; potent
and nonstreoidal synthetic estrogen) have been
reported to decrease Sertoli cell number in the
neonatal period 1,4,9,10,22,23. Yet reported findings for
estradiol have been contradictory. Atanassaova et
al. found Estradiol to decrease Sertoli cell number
4, which was compatible with our finding. Yet
Wistuba et al.7 reported estradiol treatment to have
no effect on Sertoli cell number. Atanassaova et
al.1 showed that the absolute volumes of Sertoli
cell increased after eliminating soybean from the
diet. However we found no significant difference
in either Sertoli cell nucleus volume density or
Sertoli cell number between the 18 day Tp rats
and control.

For the 90 day old rats, in both the Tp and E2
groups, all parameters except seminiferous tubule
density were lower than those of controls
indicating that estradiol and Tp had adverse affects
on testis in the long term.

In summary, Tp in diet had a short term
positive effect on pupertal spermatogenesis but
displayed a negative effect in the long term.
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Table 2. Volume densities of Seminiferous tubule and epithelium, spermatogonium, Sertoli cell nucleus and Sertoli cell number
of 18 day old  rats
Tablo 2. 18 günlük s�çanlar�n, seminifer tubulunun ve epitelinin, spermatogonyum ve Sertoli hücresi çekirdeğinin hacim
yoğunluğu ve Sertoli hücresi say�s�

a, b: The differences between the means of groups with different superscripts (in the same column) are significant
* P<0.05, ** P<0.01, *** P<0.001 are in comparison with the respective control group. Data are mean ± SE (n=10)

Table 3. Seminiferous tubule and epithelium volume density
of 90 day old rats
Tablo 3. 90 günlük s�çanlar�n seminifer tubulunun ve
epitelinin hacim yoğunluğu

a, b: The differences between the means of groups with
different superscripts (in the same column) are significant. 
* P<0.001 is in comparison with the respective control group.
Data are mean ± SE (n=10)

GROUP (n)
18 day

S. tubule volume 
density (%)

S. tubule epithelium 
volume density (%)

Sertoli cell nucleus
volume density (%)

Spermatogonium 
volume density (%) Sertoli cell number

Control (10)
Tp (10)
E2 (10)

79.69±1.23
79.39±1.31
77.79±1.25

10.25±0.40 b

13.01±0.54 a, ***
11.12±2.32 b

10.00±0.53
9.46±0.93
7.75±0.46

3.01±0.18 ab

3.56±0.37 a

2.28±0.34 b, *

45084881±5382871 a

47292129±4713108 a

25727856±1645717 b, **

GROUP (n) 
90 day

S. tubule
volume density (%)

S. tubule epithelium 
volume density (%)

Control (10)
Tp (10)
E2 (10)

79.37±1.03
82.52±0.86
81.58±1.13

8.78±0.33 a, *
6.81±0.36 b

7.09±0.36 b



Further studies of the relative  phytoestrogenic
effects of various extracts of Tp would appear to
be  warranted.

REFERENCES

Atanassova N, McKinnell C, Turner KJ, Walker M, Fisher
JS, Morley M, Millar MR, Groome NP, Sharpe RM:
Comparative effects of neonatal exposure of male rats to
potent and weak (environmental) estrogens on
spermatogenesis at puberty and the relationship to adult
testis size and fertility: Evidence for stimulatory effects of
low estrogen levels. Endocrinology, 141, 3898-3907,
2000.
Murkies AL, Wilcox G, Davis SR: Clinical review 92:
Phytoestrogens. J Clin Endocrinol Metab, 83, 297-303,
1998.
Naftolin F, Guadalupe Stanbury M: Phytoestrogens: Are
they really estrogen mimics? Fertil Steril, 77, 15-17, 2002.
Atanassova N, McKinnell C, Walker M, Turner KJ, Fisher
JS, Morley M, Millar MR, Groome NP, Sharpe RM:
Permanent effects of neonatal estrogen exposure in rats
on reproductive hormone levels, Sertoli cell number, and
the efficiency of spermatogenesis in adulthood.
Endocrinology, 140, 5364-5373, 1999.
Enmark E, Pelto-Huikko M, Grandien K, Lagercrantz S,
Lagercrantz J, Fried G, Nordenskjold M, Gustafsson JA:
Human estrogen receptor beta-gene structure,
chromosomal localization, and expression pattern. J Clin
Endocrinol Metab, 82, 4258-4265, 1997.
Nagao T, Saito Y, Usumi K, Kuwagata M, Imai K:
Reproductive function in rats exposed neonatally to
bisphenol A and estradiol benzoate. Reprod Toxicol, 13,
303-311, 1999.
Wistuba J, Brinkworth MH, Schlatt S, Chahoud I,
Nieschlag E: Intrauterine bisphenol A exposure leads to
stimulatory effects on Sertoli cell number in rats. Environ
Res, 91, 95-103, 2003.
Krenn L, Unterrieder I, Ruprechter R: Quantification of
isoflavones in red clover by high-performance liquid
chromatography. J Chromatogr B Analyt Technol Biomed
Life Sci, 777, 123-128, 2002.
Sharpe RM, Walker M,  Millar MR, Atanassova N, Morris
K, McKinnell C, Saunders PT, Fraser HM: Effect of
neonatal gonadotropin-releasing hormone antagonist
administration on sertoli cell number and testicular
development in the marmoset: Comparison with the rat.
Biol Reprod, 62, 1685-1693, 2000.
Sharpe RM, McKinnell C, Kivlin C, Fisher JS: Proliferation
and functional maturation of Sertoli cells, and their
relevance to disorders of testis function in adulthood.
Reproduction, 125, 769-784, 2003.

Kallela K: The effect of storage on the estrogenic effect of
red clover silage. Nord Vet Med, 27, 562-569, 1975.
Saloniemi H, Wahala K, Nykanen-Kurki P, Kallela K,
Saastamoinen I: Phytoestrogen content and estrogenic
effect of legume fodder. Proc Soc Exp Biol Med, 208, 13-
17, 1995.
Degen GH, Janning P, Diel P, Bolt HM: Estrogenic
isoflavones in rodent diets. Toxicol Lett, 128, 145-157,
2002.
Delclos KB, Bucci TJ, Lomax LG, Latendresse JR,
Warbritton A, Weis CC, Newbold RR: Effects of dietary
genistein exposure during development on male and
female CD (Sprague-Dawley) rats. Reprod Toxicol, 15,
647-663, 2001.
Bozkurt HH, Aktas A, Ulkay MB, Firat UB: Sertoli cell
proliferation during the post hatching period in domestic
fowl. J Vet Sci, 8, 219-222, 2007.
Wreford NG: Theory and practice of stereological
techniques applied to the estimation of cell number and
nuclear volume in the testis. Microsc Res Tech, 32, 423-
436, 1995.
Fielden MR, Samy SM, Chou KC, Zacharewski TR: Effect
of human dietary exposure levels of genistein during
gestation and lactation on long-term reproductive
development and sperm quality in mice. Food Chem
Toxicol, 41, 447-454, 2003.
Adachi T, Ono Y, Koh KB, Takashima K, Tainaka H,
Matsuno Y, Nakagawa S, Todaka E, Sakurai K, Fukata H,
Iguchi T, Komiyama M, Mori C: Long-term alteration of
gene expression without morphological change in testis
after neonatal exposure to genistein in mice:
Toxicogenomic analysis using cDNA microarray. Food
Chem Toxicol, 42, 445-452, 2004.
Gorski K, Taciak M, Romanowicz K, Misztal T:
Differential effects of soy-containing diets on the
reproductive tissues growth and reproductive hormone
secretion in male rats. Reprod Biol, 6, 275-290, 2006.
Kang KS, Che JH, Lee YS: Lack of adverse effects in the F1
offspring maternally exposed to genistein at human intake
dose level. Food Chem Toxicol, 40, 43-51, 2002.
Odum J, Tinwell H, Jones K, Van Miller JP, Joiner RL,
Tobin G, Kawasaki H, Deghenghi R, Ashby J: Effect of
rodent diets on the sexual development of the rat. Toxicol
Sci, 61, 115-127, 2001.
Atanassova NN, Walker M, McKinnell C, Fisher JS,
Sharpe RM: Evidence that androgens and oestrogens, as
well as follicle-stimulating hormone, can alter Sertoli
cell number in the neonatal rat. The Journal of
Endocrinology, 184, 107-117, 2005.
Gaytan F, Pinilla L, Aguilar R, Lucena MC, Paniagua R:
Effects of neonatal estrogen administration on rat testis
development with particular reference to Sertoli cells. J
Androl, 7, 112-121, 1986.

ULKAY, AKTAŞ, BOZKURT
155

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.


	4

