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Effects of genistein on male sprague dawley ratsreproductive development.
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Abstract

Genistein (Gen), is commonly consumed phytoestrogen among Asian and known to exert
weak estrogenic effects. To account for potential reproductive effects in male rats, Contral,
Genl, Genl0, Gen100 mg/kg body weight and Estradiol were administered to gestational
day 10 (GD10) female Sprague Dawley for 5 weeks. At postnatal day, P50, the rats were
sacrificed. Blood was taken and reproductive tissues were processed. At birth, body weight
(BW) and anogenital distance (AGD) in Gen10 and Genl00 decreased significantly from
Control. Throughout experiment, BW and AGD of Gen10 decreased significantly. Preputial
separation (PPS) was significantly longer in Gen100 and one rat from Genl0 exhibited
unilateral testis descent at P50. Testicular weight and serum testosterone level were reduced
in a dose-dependent manner. Histopathological analysis of the seminiferous tubulesin Genl
group is compar able to the Control group. However, the seminiferous tubules of the Gen10
and Genl00 groups showed evidence of overstimulated spermatogenesis. From the
immunohistochemical (IHC) analysis, there was higher staining intensity indicating
increased expression of 3p-hydroxysteroid dehydrogenase (3p-HSD) and Connexind3 (Cx43)
in Gen10 and Gen100 groups compar ed to Control. Thus, administration of genistein during
the critical period of early development could cause antiestrogenic or/and estrogenic
influence on the development and functions of the male reproductive system.
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Introduction or other isoflavones daily higher than most Europeand
North Americans [13, 14].

Genistein is a plant isoflavone with polyphenobienpounds
derived from a common class of phytoestrogendVlany EDCs in the environment are identified as
Phytoestrogens are classified into groups accorirtgeir ~ environmental estrogens. These environmental estsog
chemical structures. The greatest estrogenic gciivfound  may endanger fetuses as they are at the stageglaly hi
in flavones, flavonols, flavonones, lignans, chaém and susceptible to minor endocrine disturbances that gnee
isoflavones [1]. These compounds share structurdise to developmental abnormalities including otesair
similarities to steroidal estrogens, hence, itsdibip to  dysfunction [15] and thus lead to infertility.
estrogen receptors therefore capable of exertirak \aati-
and/or estrogenic effects mediated by &€Bnd also E-  The morphological alteration is associated withk la¢
through alternative signaling pathways [2-6]. Thiisis  gap junction protein, Connexin43 (Cx43) which colsr
known as an endocrine disrupting chemical (EDC¥][4- cell growth and differentiation of the germ cell6{20].
The relative affinity of phytoestrogens to the Ei& higher  Thus, Cx43 expression can be used as an indigatdine
than ERe [7-9]. Isoflavone was first found to increase well-being of the intercellular communication ineth
plasma concentrations of endogenous estrogensiaesoc seminiferous epithelium where it was normally exsesl
with infertility in ewes [10]. Genistein and daidizdorm the  in rat testis [21], and was down-regulated inertiestis
most predominant isoflavones in soybean which o with disrupted spermatogenesis [22-24]. Failure of
to the most important dietary source of phytogstns for spermatogenesis is also associated with low testrs
mammals [11]. In human, exposure to genistein iglsna levels due to disturbance in testicular steroidegen
from consumption of soy-based food products such ashich depends onp3hydroxysteroid dehydrogenase{3
soymilk, tempeh, tofu, miso, soy flour and soy sad@]. It HSD) enzyme for the synthesis and secretions of
was reported that Asian people consumed 1.5 mgtgen  testosterone [25]. This is in agreement with anslyd
contralateral testis of men with testis anomaly doe
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immature Sertoli cells is lacking in germ cells drydig  were divided into five groups and received thecfelhg
cells (P-HSD positive) hyperplasia [26, 27]. treatment: a) Control: received the vehicle onlw¢€n-80
(1:9, viv)) (Sigma Aldrich, St. Louis, MO, USA), kenl:
For centuries, soy-based products have become theceived genistein 1 mg/kg BW, c) GenlO: received
preferred alternative diet among vegetarians. EBssid genistein 10 mg/kg BW, d) Gen100: received gemistéD
soy-based supplements have a growing popularitgpng/kg BW, and e) Estradiol group: received 7.5 gdgkVv
because it is claimed to have many health bendfites, of 17§ Estradiol. Rats were treated daily with genistein
the public is at risk of being exposed to high gein  dissolved in Tween-80 using oral gavage tube frddi G
content in soy. Therefore, it is necessary to igate the to GD21.
potential adverse effects of genistein on humaritthea
especially the effects on developing fetuses fromenmal Dams were allowed to litter spontaneously and tag d
exposure. after birth was designated as postnatal day 1 ©tly
male pups were chosen for this study. Male pupsraeed
The present study aimed to investigate the safe dbs tO receive genistein treatment by subcutaneoustiofe
genistein from soymilk on early development of thale ~ until P21. Body weight and anogenital distance opsp
reproductive system. We hypothesized that genisteiwere recorded weekly till P21. Testis descent were
exposure during the critical period of perinatalmonitored. Study has been carried out without rineat
development can have detrimental effects on earlffom P22 until P50 by observing the evidence ofides
development of the male reproductive system thag madescent and sign of puberty. Testis descent inaabally

cause disruption of the hormonal functions leading occurs on P21 while the onset of puberty is wheay th
infertility. attain preputial separation (PPS) which normallguos

between P40-P45 according to Korenlato®al. [28].

Materialsand Methods .
Necropsy and sample collection

At P50, rats were fasted overnight prior to samifand
were sedated followed by intraperitoneal injectioh
chloral hydrate (0.1 ml/100 g of BW). Blood sampi{és
'ml) were obtained from transcardiac puncture, deged
at 1000 rpm for 5 minutes, and serum was store20atC

Chemicals

Genistein of at least 99 % purity were obtainedmfro
Indofine (Indofine Chemical Company, Hillsborough
New Jersey, USA),1p- Estradiol was obtained from

tSlgtmet[ (Sigma Aldrich C?e?'gal' .St' Loulis, Mt? ’ ?SA)' until assayed for testosterone. Gross morphologyhef

((IEESLIOSSA?OIZ? W::Z%Tri-hlgss d frcl)nr:qmTgﬁsﬂatgpnatio?wzslag)(temal genitalia was examined. Testes were wdighe
i : ) 2 .

GMBH (Germany). For immunohistochemical (IHC) fixed in 10 % formalin fixative before being prosed.

study, specific goat polyclonal antibodies againsiyjgological analysis and microscopy

steroidogenic enzymepdHSD and Cx43 were used with Testes were processed using an automated tisstespoo

. M ..
the aid of ImmunoCruz" goat ABC staining system (Thermo Scientific) and embedded in paraffin (PhustP

(Santa Cruz, CA, USA). Plus, USA). Tissue sections of 5 pum thickness were
) mounted onto labeled glass slides and stained with
Animals haematoxylin and eosin (H&E). Diameters of 100

A total of 10 time-mated (gestational day, GD10p&%e  seminiferous tubules in transverse section peesesere
Sprague Dawley (SD) rats weighing 203.5 + 4.87 @eWe analyzed under light microscope (Olympus CH-B145-2)
obtained from Faculty of Medicine Animal Facilittes 5ng representative areas were measured using NIS-
University of Malaya.This study has been approvgd bgjements Software (NIS-Elements Advanced Reasearch,
the Animal Care and Use Committee (ACUC) OfNikon, Japan). Briefly, the round or approximatedyind
University of Malaya. Animals were housed in indwal  seminiferous tubules (the shortest to the longeist ratio

cages in an air-conditioned room at room tempesaddir greater than 0.8) were chosen based on the presiodg
25 + 1 °C with a 12 h light: 12 h dark period. Ra#sre

given free access to standard rat chow (RainTree,
Australia) and waterad libitum in glass bottles. All  Serum testosterone level in male pups
experiments were carried out according to theSerum testosterone level was measured using anAEilS

institutionally approvegrotocols according to University reader (IBL International GMBH, Germany) accordiag
of Malaya Guidelines for the care and use of laloya the manufacturer’s guideline.

animals (Ethic Number ANA/01/10/2007/0810/NMK(R))

I mmunohistochemical localization of Cx43 and 38-HSD
Treatment scheme and dosing Paraffin sections of 5 um were cut and placed onto
The presence of vaginal plug was designated gsolysine-treated glass slides. Sections were dedvare
gestational day 1 of pregnhancy (GD1). Pregnant damehydrated through decreasing concentration ofnetha
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solutions. The sections were then autoclaved 8C30@r  significantly shorter in Gen10 and Genl100. During
15 min in 10 mM in citrate buffer (pH 6.0) for weaning (at P21), the AGD of Genl rats were siga#i
inactivation of endogenous peroxidase activity with  ntly shorter compared to the Control while the AGD

% H,O, in methanol (room temperature, 30 min), andGenl00 rats were longer compared to the Estradiol
were pre-incubated with normal donkey serum ingroup. There was no significant difference of AGD i
phosphate buffer saline (PBS) for 1 h to block nontats during adulthood (at P50) (Table 1).

specific reaction. Following that, the sections aver
incubated overnight witgoat polyclonal antibody
against3p-HSD and Cx43 respectively, at 4 ‘CSanta

Cruz, CA, USA,; at dilution of 1:100¥pllowed by three 2.00
rinses in PBS. After that, the sections were intatha 1.50
with secondary antibody for 1 h followed by the Loo |
ImmunoCruz™ goat ABC staining systentinally, the

sections were  counterstained with  Mayer's ~ **°

haematoxylin. For the negative control slides, redrm
. . . Control Genl Genl0 Genl00 Estradiol
donkey serum was used instead of primary antibody. Treated groups

3.00 -

2.50 -

Mean testosterone level, nmol/L

Qualitative analysis of BHSD and Cx43 staining F_igure _1. Graph showing a dose-dependent decrease in
expression were carried out under a light microscopCirculating serum testosterone level at P50 of geeim-
(Olympus CH-B145-2). Representative areas wer@nd Estradiol-treated rats. The data are expresasd
photographed with a Nikon Eclipse 80i uprightMean + S.E.M. Means with different superscripts are

microscope equipped with a digital color cameraSignificant! different.*P<0.05 versus normal Control
controller (DS-5Mc-U2). group and’P<0.05 versus Estradiol group

Statistical analysis

All data were tested for normality followed kevene
static test for homogeneity of variances. All the © .
parameters were compared usidge-way ANOV/Aand s
Tukey post hoc tesor the determination of differences ;: .
among the groups. The significant difference betwee 4
the treatment group was considered at P<0.05. W—J— /
performed the calculations using PASW18 student’s' o
program for ANOVA. 1

e

-

Results

Body weight

Exposure of male rats to genistein during prenkifial ¢
from GD10 to GD21 continued through neonatal life
from P1 to P21 has resulted in a significant deszda
the mean BW of Gen10 and Gen100 groups compared 1
Control and Estradiol groups. A significant redaaotiof
the mean BW was observed at birth and during
subsequent weeks in all genistein-treated rats aoeap
to the those of the Control and Estradiol (P1 td)P2
However , the mean BW was normalized in the final
week (P50) with no significant difference observed

(Table 1). Figure 2. A histopathological changes of transverse
section of rat testes were observed at P50. (A)@an
Anogenital distance (B) Genl, (C) Genl0, (D) Genl100, and (E) Estradiol.

At P1, the AGD of male rats were significantly sleor High activity of spermatogenesis were observed in

in all genistein-treated rats compared to thosethef Genl0 and Gen100; no evidence of spermatogenesis in
Control and Estradiol rats. After a week (P8) otilg  Estradiol group. H&E staining. Scale bar= pfh. 1S=

AGD of Gen10 rats were significantly shorter thhnge Interstitial space, ST= Seminiferous tubule

of the Control and Estradiol group, while at P15yas
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Table1l. BW (g) and ADG (mm) of all experimental animals

Control Genl Gen 10 Gen 100 Estradiol
BW (g)
P1 7.76 £ 0.10 7.74 +0.2%° 6.38 + 0.26° 6.53 +0.16° 10.18 +0.18
P8 18.04 + 0.40 16.92 +0.56 10.89+0.68°  14.06 +0.11° 20.01+0.42
P15 29.60 + 1.0 27.88+0~%9 2152+0.28"  23.88 +0.92° 31.28 +0.63
P21 46.75 +1.31 3854+285 36.94+0.38°  43.77+0.48 47.83+1.14
P50 172.67 £12.12 207.43+15.44  138.67 +10.53 2 #183.70 173.83 +5.33
AGD (mm)
P1 7.57+0.21 6.27 + 0.21 6.06 +0.17 6.20 + 0.27" 6.77 +0.32
P8 9.87 +0.37 9.59 + 0.38 7.94+F%1  9.32+0.9 9.57 +0.54
P15 13.28 +0.14 12.83 +0.62 11.48 + 627 11.62 +0.14° 14.07 £ 0.63
P21 19.34 + 0.52 17.12 +055  17.64 +0.47 20.76 +0.44 16.71 +0.73
P50 33.57 +1.02 37.53+1.25 32.19+0.92 35.2638 33.98+0.87

The data were expressed as Mean *S.E.M. Meansdifiitent superscripts are significantly differet®<0.05 versus
Control group andP<0.05 versus Estradiol group.

Table 2. Effects of perinatal exposure to genistein origdetdscent and preputial separation

Group Control Genl Genl0 Gen100 Estradiol

Descent at P21

0] Right 6/6 6/6 5/6 5/6 0/6

(i) Left 6/6 6/6 6/6 6/6 0/6

Descent at P50

0] Right 6/6 6/6 5/6 6/6 4/6

(i) Left 6/6 6/6 6/6 6/6 2/6
42.5+0.55 41.7+0.52 43.7+1.51 44.3+1.03 NA

PPS, day

The data were expressed as Mean *S.E.M. Meansdifiitent superscripts are significantly differet®<0.05 versus
normal Control group andP<0.05 versus Estradiol group. Incidence of undedeel testes: Genl10 (1/6, Inguinal),
Estradiol (Left,1/4: Abdominal, 3/4: Inguinal; Rigt2/2: Inguinal). NA: Not available

Table 3. Effects of perinatal exposure to genistein andrdelédl on testicular weight and seminiferous tubule
measurement

Control Gen1l Gen 10 Gen 100 Estradiol
Testis 1.22+0.18 1.25+0.3 0.83+0.07° 0.82+0.F" 0.42+0.1
Tubular diameter 202.50+1.596 229.94+12%16 191.91+1.16%2  187.58+0.876 134.26+0.891
Luminal diameter 81.11+1.274 80.59+1.8303 83.78+1.28%  52.72+0.91%" 34.37+0.984

Epithelial thickness ~ 65.31+0.677 70.08+0.285 69.79+0.618°  66.56+0.479 34.37+0.593

The data are expressed as Mean * S.E.M. Meansdifférent superscripts are significantly differeff2<0.05 versus
normal Control group an8P<0.05 versus Estradiol group.

Preputial separation (PPS) and testes descent As for influence of phytoestrogens on testis descén
The mean day of PPS of rats in the Genl group wasas noted that rats in Genl group exhibited notegtls
slightly earlier compared to the Control group whihose descent similar to the Control group (Table 2)wideer
of the Genl0 and Genl1l00 were delayed. However, ongt P50, one rat from GenlO group exhibited uniddter
the mean PPS of the Genl00 group was significantlyndescended testis, while those of the Estradmigra/
delayed compared to the Control group, while noirra 6 testes on the right side and only 2/ 6 testetherleft
the Estradiol group exhibited PPS (Table 2). side descended into the scrotum.
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Testicular weight and seminiferous tubule measurement

The mean testis weight in the Control group was
1.22+0.18 g while that of the Estradiol group was
0.42+0.1 g. In the experimental groups, the meatiste
weight in Genl group was comparable with the Cadntro
group, while rats in the Genl0 and Genl00 groups
exhibited significantly reduced testis weight conguato

the Control rats but not as low as that of thedekbl
group (Table 3).

Quantification of morphological changes showed that
diameters of seminiferous tubules were smaller ém1®
and Genl00 groups compared to Control. However, it
was not significant. The spermatogenic cells wermndl
normal without cell loss evidenced by increasedheifial
thickness in genistein-treated groups (not sigaift:
compared to Control. The population of Sertolicelere
indistinguishable between genisten-treated and rGlont
animals. The interstitial tubular space containeanyn
Leydig cells compared to Control. However, we dat n
quantify the number of Sertoli and Leydig cellstimis
study.

Figure 3. Expression of B#HSD in (A) Control, (B)
Serum testosterone Genl, (C) Genl0, (D) Genl00, (E) Estradiol, and (F)
The mean serum testosterone levels of all themieatt  Negative control. The staining intensity was inseshin
groups decreased in a dose-dependent manner campa@en10 and Genl00. The staining intensity of the

to the Control group. However, only the GenlO andntertubular spaces was reduced in Estradiol groBpale
Gen100 groups showed a significant decrease testost  par= 50um

levels compared to the Control (Fig. 1).

Microscopic evaluation of the testes

The Control testes comprised of seminiferous tubule
closely arranged exhibiting the various stages afnal
spermatogenesis with normal Sertoli cells and geslis.

The testes of Genl rats also exhibited normal spiege-
nesis at various stages comparable to those o dinérol
testes. There were no apparent changes in the afells
interstitial spaces including Leydig cells. In aast, the
testes of Genl0 and Genl00 rats exhibited an dverst
mulated spermatogenesis with increased in germ cell
population thus the germinal epithelium appearéckén
than that of the Control testes and some of thelamb
lumina were completely filled with sperm tails. the
Estradiol group, the seminiferous tubular diametass
well as their epithelial height were very much reshi
There was no evidence of spermatogenesis and the
number of Leydig cells in the intertubular spaces &lso
diminished (Fig. 2).

Immunohistochemical detection of 3B-HSD and Cx43
expression in rat testes

3B-HSD expression in the testis was localized in the Ley- ) )
dig cells with less intense staining in the seneimifis epi- ~ Figure 4. Expression of Cx43 between Sertoli cells and
thelium especially in the late stage spermatidsthia 9erm cells in seminiferous tubules and Leydig c&h$
control testis. The intensity ofpaHSD expression in Control, (B) Genl, (C) Genl0, (D) Gen100, (E) Edia
Genl was comparable to ContrBhe expression aBg- and (F) Negative control. More intense expressias w
HSDwas more intense in Gen10 and Gen100 testes ~ hoted in Gen10 and Gen100 groups. Scale baymb0
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compared to Control and Gen 1, while there was stimo normally after weaning (at P21) once genisteinttneat
no immunostaining of the intertubular spaces of thes discontinued.
Estradiol testis. However, there were some stainintje
seminiferous epithelium in the Estradiol testeg.(B). Studies have shown that factors capable of infaeder
sexual development can also affect the developroént
Similarly, the staining intensity for Cx43 was alsothe external genitalia thus, is commonly assessed b
localized in the Leydig cells as well as the sefaimius determining the anogenital distance [41, 42]. Ire th
epithelium  especially the spermatogonia  andpresent study, the reduction of AGD in genistegated
spermatocytes and late stage spermatids. Therenavas rats could be due to reduction in androgen prodocti
apparent difference in staining intensity betweeen’G Since 17 Estradiol is a potent estrogenic compound, it
compared to Control. Cx43 expression in GenlO andias used in our study to test the estrogenic &gfivivivo
Genl00 appeared more intense especially of thas was employed by Lee et. al. [43]. Similarly, R$&8so
spermatogonia and spermatocytes. While in the distra used as an indicator for male puberty which alquedds
testes, the staining intensity was much less comtbty on androgens. Our findings showed that PPS was

Genl0 (Fig. 4). significantly delayed in Genl100 rats compared te th
Control. This is in contrast to previous findingshich
Discussion showed no significant effect on PPS of rats treated

perinatally with genistein at 50 pg/d [44].

Estrogens are important in reproductive developraedt ) ) )

function. But, excess exposure to estrogens duritigal !N rats, the testis descent is accomplished by[#Z846].
period of development may exert detrimentalOur findings showed that testis descent was distliib
consequences on development of the reproductivanerg SOMe of the Gen10 and Genl100 rats and in alaéistr
[30, 31]. For centuries, soy has been widely coreslim rats at P50. This mlght be due to.the chemlcalepnt_gp)f
and its health benefit has been documented [32,183] Phytoestrogen, which acts as anti-androgen thetfered
the present study, we used low (Genl), moderataX®e with testis descent in these groups or it migikt joe a
and high (Gen100) doses of genistein to compare tive transient effect. These findings can be correlatigd the
recommended level in the diet with genistein (69to Significant dose-dependent decrease of serum tesios
mg/kg kg BW) [34]. Our study showed that perinatal'e_Ve| in these groups and in studies _usmg_lsoﬂﬂ'ﬁ_ln
exposure to genistein resulted in reduction in niean  different doses [47-50]. However, this notion ist mo
BWof all genistein-treated rats at P21 except foe t agreement with the findings by Piotrowska and asn
Gen100 rats where their mean BW increased at R21.[p1] who reported no significant difference in seru
was hypothesized that fat deposition does not oeatif testosterone levels, but found significant redurctia
the onset of suckling probably due to their habituat€sticular testosterone levels in rats treated gathistein.
huddling with littermates in order to maintain body ) ] ] )
temperature [35, 36]. The increased of mean BW iflormonal |mbala}nc¢ in experimental rats from pesaha
Genl00 rats at P21 is probably due to stimulatibn o€XPOsure to genistein may also cause detrimerfiattsf
adipogenesis at higher doses as reported by lgeiml ~ ON the morphology of t_he testis in adulthood. Thespnt
[37] and might be the estrogenic effect of genistei study,_ show_ed that diet containing _GenlO and G&nl10
During adulthood (at P50), we noticed that the mBeh effectively stimulate spermatogenesis in rat tesiss

of all genistein-treated rats normalized and comiparto  €videnced by a significant increase in germinathetial
the Control. thickness. Activation of cell proliferation by getein on

fetal testis is also seen in previous study (52).

Our study also showed that there was impairmentaie ~ Additionally, genistein also increases the proéfem
reproductive system development as evidenced biRte Of gonocytes in vitro isolated from neonaas$ 1(53).
reduction in testicular weight and AGD. In the mres [Nterestingly, in another study using cytotoxic ginhat
study, the AGD of Gen10 rats was significantly reeti caused damage to rat testes, genistein was reptrted
from P1 to P21 but not significant at P50. ThisSupPpress the drug cytotoxicity, as well as testoste
observation suggested that genistein interfereti wie |€vels but stimulated spermatogenesis in rats [54].
early development of external genitalia in malesilsir to ~ 1herefore,  from our study, we can deduce that
the previous findings that showed endocrine digngpt SuPpression of testosterone level was caused &y th
chemicals intereference on the reproductive pammsiet Increase expression of stem cell factors (SCFsjhef
that were identified as potential risk to the reprctive  Sertoli cells that are essential for spermatogentst,
system development [38-40]. We also noted thathall SS]- Genistein action on target cells appears to be
AGD measurements of the rats normalized at P50s ThSsociated with its estrogenic activity in additimnits
observation has lead us to hypothesized that thghibition of the key steroidogenic enzymes by its
development of the male external genitalia proceed§fluence on the estrogen receptors [S6].
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Genistein exposure during the perinatal period stesvn  presses both basal and LH-stimulated androgen produ
to increase proliferative activity of Leydig cellsut tion by rooster Leydig cellén vitro [68]. The present
exerted an opposite effect on androgen concentratio results confirmed that genistein is capable of la&gg
pubertal male rats. Androgen is an autocrine réguiaf  Leydig cells function and support the direct @ctof
Leydig cells and mainly responsible for androgengenistein on Leydig cells as suggested previo{&3y as
production [57]. Therefore, it is possible that igegin  well as incubation with isoflavones induced prokfieve
inhibits testosterone secretion by delaying Leydall  activity and supressed steroidogenic capacity ia th
differentiation, which contributes to the decreasd.eydig cells [61].
androgen secretion. The present findings of reduced
testosterone concentration contradicts with previouThe seminiferous epithelial cells are adjoinediifferent
finding that showed the increment in serum steroidypes of gap junctions that are linked with eadieptvia
hormone production under the perinatal exposurd. [58their common adaptors or signaling processes [0, 7
Serum sex hormone concentration was paradoxicallgap junction protein, Cx43, participate in germl cel
depend not only on steroidogenic capacity but atsthe  development; any alteration to it can lead to lofsgerm
number of Leydig cells [59]. Albeit increased cells in either males or females [71-73]. In paewith
proliferation was observed under immunohistologicalow testosterone level (eg; carcinoma-in-situ Gtitelar
study, we did not quantify Leydig cell numbers et seminoma), the Cx43 expression was reported tohea d
present study. The reduction of serum testostelreds regulated indicating reduction of this gap junctmrotein
in this study could be attributed by the inhibitiohthe [74-76]. Suprisingly, based on our findings, thevas
steroidogenic pathway, not due to direct effect ohigh expression of Cx43 in Genl0 and GenlO0 testes.
genistein on Leydig cell numbers as in previouslytu Thus, we hypothesized that there is no effect of
(60). Nevertheless, it is likely that the greateydlig cell weakening the signaling pathways following high elos
populations may result from the longer duration ofgenistein treatment and the germinal cells in the
perinatal exposure to isoflavones [61]. seminiferous epithelium were intact with no signcefl
loss observed.
Previous studies showed that increased steroidogeni
acute regulatory (StAR) protein levels with deceshkH  To date, the effects of genistein to reproductigalth are
stimulation and reduced StAR phosphorylation, whgh still unclear. Although many studies reported some
critical for translocation of cytosolic cholesteroito  deleterious effects of isoflavone exposure to itsfaat
mitochondria [58, 62, 63]. However, this is in aqaist different doses and routes, the results are still
with general consensus that StAR protein increasélte  inconsistent. It is worthwhile to highlight the age that
presence of decreased testostosterone productio®m. Tmay induce toxicity on critical stages of developinef
increase in Leydig cell numbers in the presentystadild  the reproductive system as well as its possibibty
be a consequence of the compensated Leydig ckitdai interfering with the later stages of development.
in the presence of supranormal LH serum level [64].
Although serum LH levels were not assayed in thishls  Conclusion
decreased BHSD expression has been attributed to
reduced LH stimulation of Leydig cells as evidentgd Perinatal exposure to genistein could compromise th
hypogonadal testis and feminized mice testis [65]development of the male reproductive system in, i@s
Therefore, the markedly increased expressior3#iSD  evidenced by the reduction in body weight, anogénit
protein expression in Genl0 and Genl00 in the ptesedistance, delayed preputial separation, and oveud
study were probably due to homeostatic adjustment§on of spermatogenesis and other reproductivenpara
provoked by diminished LH stimulation of cholestero ters. However, there is no evidence that genisieithe
availibility and/or utilization in Leydig cells. recommended dosage can produce the similar effiects
human. Future studies with longer duration of dgeins
Several studies have reported on the influencesaffa-  exposure is necessary to better account for ietsffand
vones on testicular morphology and Leydig cell d&ve possible mechanisms as an endocrine disruptor éo th
ment. In one study, genistein was found to indugeeh  reproductive system of men. Thus, despite the Gnidis-
plasia of Leydig cells in mice [43], and in anotilstudy nate recommendation on the use of soy and its
with marmoset developed large testes and increas@d  derivatives, the results of this study show thatigfein is
ber of Leydig and Sertoli cells [66]. Lower conaatibns  not totally free from undesirable effects.
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