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ABSTRACT
Introduction: There is growing interest in the risk or benefits 
soybean food known as rich in isoflavones, due to their interac-
tions with endogenous estrogen signal transduction pathway. 
Recent studies provide evidence that isoflavones can affect the 
reproductive and endocrine system under regular diet. 
The aim of this study was to determine how the long-lasting 
administration of the key isoflavones, genistein and daidzein, 
may change morphology of the testis and the function of the 
epididymal antioxidant system of male rats. 
Materials and methods: Male rats were treated by genistein and 
daidzein, in combination 2 (S2) or 20 (S20) mg/kg body weight 
per day for 5 days weekly mixed with regular rat chow from 
prenatal life until to sexual maturity. The control groups were 
fed without isoflavones. 
Results: The findings show that the body, testis and cauda 
epididymis weights, testosterone level in blood plasma were  

 
significantly lower than controls in the S20 group (p < 0.05). 
Also, superoxide dismutase activity in the epididymis, catalase 
activity in the testis, and glutathione peroxidase activity in the 
caput epididymis were significantly decreased (p < 0.05). Treat-
ing with these isoflavones significantly suppressed lipid perox-
ides levels in the epididymis (p < 0.05). Furthermore, presence 
of prematurely exfoliated gametogenic cells was observed in 
seminiferous tubules as well as the architectural disorganiza-
tion of the seminiferous epithelium.
Conclusions: These findings suggest that isoflavones, if con-
sumed chronically at a dose as for the S20 group may act not 
only as antioxidants, but they can be a risk for the male rats 
reproductive system dysfunction. 
Keywords: phytoestrogens; testis; epididymis; male; antioxi-
dant; prooxidant. 

INTRODUCTION 

Over the last decade, growing evidence has been accumulated 
indicating the crucial role of oxidative stress (OS) in the patho-
genesis of a number of diseases, including reproductive system 
diseases [1]. Spermatozoa cells are particularly susceptible 
to OS and lipid peroxidation due to their reduced cytoplasm 
content and the predominance of polyunsaturated fatty acids 
(PUFAs) in the plasma membrane [2, 3]. The cells of the male 
reproductive system are able to synthesize a complex of anti-
oxidants, including highly specialized antioxidant enzymes 
and non-enzymatic antioxidants [1, 4]. Reactive oxygen spe-
cies (ROS) that are formed at low to moderate level in the 
male reproductive system enable proper spermatogenesis, the 
formation of an adequate number of motile spermatozoa able 
to fertilize the egg, stimulate capacitation of the spermatozoa 
and the acrosome reaction [1, 2]. Accordingly, excessive ROS 
production and/or weakened ability of the cells to counteract 
or detoxify the reactive species or to repair the resulting dam-
age (a state called OS), may affect the development and proper 

functioning of the male reproductive system in adulthood and 
can lead to male infertility [5]. 

The wide range of biological abilities of phytoestrogens 
have attracted increasing scientific interest over the past 2 
decades as they may exert health benefits, particularly due 
to their antioxidant capability. Soy is the most significant source 
of genistein and daidzein, 2 key isoflavones whose chemical 
structure is similar to that of estradiol (17-β-estradiol – E2). 
These soy isoflavones (SI) can bind to an estrogen receptor 
(ERα), thus they have the potency to interact with estrogen 
or androgen signal transduction and are considered to be 
endocrine disruptors [6, 7]. Isoflavones have been reported 
to exhibit anti-inflammatory, anticancer, and cardioprotec-
tive potential [8]. Conversely, they may cause also adverse 
effects on the male reproductive system [9, 10]. For example, 
exposure of a developing testis during the “critical window 
of sensitivity” to phytoestrogens can disturb the process of 
spermatogenesis in adult life and reduce the amount of hap-
loid germ cells in the testis, as well as cause a decrease in the 
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sperm count in the epididymis in mice [11, 12]. Although much 
of the research was carried out on the effect of phytoestro-
gens on the reproductive and endocrine systems, the evidence 
remains contradictory [13] due to differences in the type of 
isoflavones tested, the dosages and duration of supplementa-
tion. In addition, a limited number of studies have evaluated 
the positive and negative effects of daidzein and genistein 
on the male rat reproductive system. 

In this study we hypothesized that long-lasting administra-
tion of isoflavones may change the morphology of the testes 
in male rats and the development and function of the epididy-
mal antioxidant system. To this end we studied the influence 
of mixture of daidzein and genistein, administered to the rats 
from prenatal life until sexual maturity, on the morphology 
of the testis and epididymis, and on the activity of specific 
cellular antioxidant enzymes and concentrations of reduced 
glutathione (GSH) and lipid peroxides (LPO) in both organs.

MATERIALS AND METHODS 

Animals and study design 
Sexually mature 3-month-old female Wistar rats were kept 
for a week in a cage with sexually mature males (2:1) under 
standard lighting (12L:12D) and nutrition, then placed in indi-
vidual cages. The pregnant females were randomly allocated 
to 3 groups of 4 per group: a control group on a normal diet (C), 
and 2 groups treated with daidzein and genistein at doses of: 2 
mg/kg b.w./day (S2 group) and 20 mg/kg b.w./day (S20 group). 
The selection of genistein and daidzein doses was based on their 
possible abundance in the human soy diet [14]. Rats had free 
access to food and water. Females of S2 and S20 groups received 
per os the daidzein and genistein mixture (Meno Stop – HASCO 
Lek, Poland) with rat chow from the feed store from the 1st 
day of experiment until delivery and during lactation. The SI 
mixture was given once a day (in the morning) for 5 days per 
week, individually to each rat in the form of pellet mixed with 
regular rat chow. The females of the control group received 
individually regular rat chow without SI. After separating rat 
pups from their mothers, young males of S2 and S20 groups 
(n = 8/group) were continuously treated with the same doses 
of SI with rat chow until reaching the age of sexual maturity, 
i.e. for 3 months (groups S2 and S20) or fed without SI added 
(control group, C). After the period of treatment, the rats were 
sacrificed under thiopental anesthesia (120 mg·kg-1 b.w., i.p., 
Biochemie GmbH, Austria). 

The experiments were conducted with the approval of the 
Local Ethical Committee (No. 33/2010). 

Determination of blood plasma hormones 
concentrations 
The clotted samples of blood were centrifuged, next the levels of 
testosterone (T) and E2 were measured in collected sera using 
an ECLIA-Electrochemiluminescence Immunoassay method 
(Cobas 6000 analyzer, Roche, Switzerland). The measurement 

range and precision of the T assay were 0.025–15 ng/mL,  
(±0.1 ng/mL), respectively. The measurement range and precision 
of the E2 assay were 5–4300 pg/mL (±12 pg/mL), respectively. 

Morphology and morphometry 
The animals and their testes and epididymides (separately 
caput and cauda) were weighted. The organs were fixed in 
Bouin’s fluid and embedded in paraffin, then series of slides 
(3–5 μm) were prepared. Slides were stained using the periodic 
acid-Schiff (PAS) method [14], the nuclei of cells were addi-
tionally stained with acid hematoxylin. Morphometric studies 
were performed on the slides used for morphological evalua-
tion. All measurements (average of 100 measurements in each 
group) were made on randomly chosen animals. The diameter 
of seminiferous tubules at the shortest distance between 2 par-
allel tangent lines of the outer edge of the tubule was rated. In 
the epididymis, the diameter of whole cross section of ductus 
epididymis, the lumen of ductus epididymis and the height of 
the epithelium lining the ductus as the difference between 
the diameter of the entire cross-section of the ductus and the 
diameter of its lumen were rated. All measurements were per-
formed at magnification × 20 using the light microscope and 
Axio Vision Rel. 4.6 program (Zeiss, Axioscope, Germany) – 
Figures 1 and 2. 

FIGURE   1. The morphology of the testis in: the control group (A), rats 
exposed to soy isoflavones at a dose of 2 mg/kg b.w./d (B); rats exposed 
to soya isoflavones at a dose of 20 mg/kg b.w./d (C and D). Periodic 
acid-Schiff; black arrow – empty space in the seminiferous epithelium 
as a consequence of prematurely sloughed germ cells; orange arrow –
multinucleated giant cell; red star – prematurely exfoliated germ cells

FIGURE   2. The morphology of the head (A) and the cauda (B) of epididymis 
in the control group. Periodic acid-Schiff; black arrows – intraepitelial 
lymphocytes; red arrows – mast cells in interstitial tissue
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TABLE   1. Testosterone and estradiol concentrations in blood plasma of 
male rats exposed to soy isoflavones vs. the control groups 

Group/Dose
(mg/kg body 
weight/day)

Blood plasma  
T (ng/mL) E2 (pg/mL)

Control (C) 2.8 ±0.3 35.00 ±3.30

S2 2.7 ±0.4 31.04 ±3.95

S20 1.3 ±0.3* 30.88 ±3.52

The values are mean ±standard deviation, n = 8 rats in each group. Star shows 
the level of significance: *p < 0.01 

Biochemical evaluation 
Equal volumes of the testis and the caput and cauda epididymis 
(0.5 g) were mixed with phosphate-buffered saline (PBS) buffer 
(pH = 7.4), frozen in liquid nitrogen and underwent homog-
enization using a hammer mill. The suitable buffer volumes  
(5–10 mL/g tissue) were used for the specific analysis of a sam-
ple and added before shaking the tissues vigorously using a CAT 
X120 homogenizator (Germany). After contrifugation (12000 G, 
10 min, 4°C) supernatants were used to measure the activity 
of superoxide dismutase (SOD), catalase (CAT), glutathione 
peroxidase (GPx), glutathione reductase (GR) and concentra-
tions of GSH and LPO, according to the attached instructions 
using suitable Assay Kits (Cayman Chemical Company, USA): 
Superoxide Dismutase Assay Kit, No. 706002, Catalase Assay 
Kit, No. 707002, Glutathione Peroxidase Assay Kit, No. 703102, 
Glutathione Reductase Assay Kit, No. 703202, Glutathione Assay 
Kit, No. 703002, and Lipid Hydroperoxide Assay Kit, No. 705002, 
respectively. Absorbance at suitable wavelength was measured 
with a plate reader Asys UVM 340 (Asys Hitech Gmbh, Austria). 

Activities of antioxidant enzymes were converted into the 
total protein content using BCA Protein Assay Kit (Thermo 
Scientific Pierce, USA) according to the attached instructions, 
and absorbance at 562 nm was measured using a plate reader 
Asst UVM 340.

Statistical analysis
Data were analyzed using Statistica PL 6.1 software (Stat Soft 
Polska, Poland). The results are expressed as the mean ±stand-
ard deviation (SD) – Tables 1 and 2 – or the mean ±standard 
error (SE) of the mean (Tab. 3). For the study of the normality 
of the distribution variables the Shapiro–Wilk test was used. As 
most of the distributions were deviated from the normal Gauss 
distribution, in the comparison between 2 independent groups 

TABLE   2. The body, testis, and epididymis weights of male rats exposed 
to soy isoflavones vs. the isoflavone free diet 

Group/Dose
(mg/kg body 
weight/day)

Body weight
(g)

Testis and epididymis weight (g)

testis caput 
epididymis

cauda 
epididymis

Control (C) 360.00 
±37.08 1.78 ±0.06 0.29 ±0.19 0.29 ±0.18

S2 328.00 
±98.57 1.73 ±0.09 0.29 ±0.28 0.30 ±0.37

S20 312.50 
±24.49**, ###

1.53 
±0.14***, ### 0.27 ±0.19 0.25 ±0.32*, ##

The values are mean ±standard deviation (n = 8 rats in each group). Stars show 
the level of significance: *p < 0.05; **p < 0.01; ***p < 0.001 vs. control groups;  
##p < 0.01; ###p < 0.001 vs. S2 groups.

TABLE   3. Effect of soy isoflavones on activities of enzymatic antioxidants and concentrations of glutathione and lipid peroxides in the testis and epididymis 
of male rats 

Group/Dose  
(mg/kg b.w./day)

SOD  
U/mg protein

CAT  
U/mg protein

GPx  
U/mg protein

GR  
U/mg protein

GSH  
µM/mg protein

LPO  
µM/mg protein

Testis
Control (C) 1.08 ±0.22 596.19 ±51.71 2.23 ±0.37 10.06 ±4.99 0.12 ±0.01 8.75 ±1.89
S2 1.08 ±0.22 274.27 ±68.65* 2.76 ±0.58 4.97 ±0.66 0.11 ±0.01 4.42 ±0.59
S20 1.41 ±0.38 342.41 ±43.88* 2.88 ±0.39 8.36 ±5.00 0.28 ±0.02** 4.92 ±0.45
Caput epididymis
Control (C) 3.24 ±0.45 92.85 ±9.75 2.19 ±0.37 15.25 ±1.93 0.15 ±0.15 9.00 ±2.00
S2 1.23 ±0.20* 131.26 ±39.90 4.01 ±0.67 3.87 ±1.02 0.14 ±0.01 6.51 ±0.51
S20 0.89 ±0.15* 96.20 ±25.37 6.91 ±1.72* 3.44 ±0.56* 0.12 ±0.02 4.62 ±0.56*
Cauda epididymis
Control (C) 6.02 ±0.83 38.10 ±4.79 7.56 ±1.14* 2.39 ±0.23 0.07 ±0.02 7.05 ±0.54
S2 2.15 ±0.19* 31.85 ±3.40 7.15 ±1.17 8.86 ±2.76 0.10 ±0.01 5.02 ±0.23
S20 1.53 ±0.27* 40.34 ±14.59 7.26 ±2.94 8.87 ±0.75** 0.11 ±0.01 3.08 ±0.21*#

SOD – superoxide dismutase; CAT – catalase; GPx – glutathione peroxidase; GR – glutathione reductase; GHS – glutathione; LPO – lipid peroxides
All the values are expressed as mean ±standard error of the mean, n = 8 rats in each group. Values denoted as * or ** are significantly different from each other at 
p < 0.05 or p < 0.01 vs. controls, respectively; #p < 0.05 vs. S2 group.

more often the non-parametric Mann–Whitney U test was 
used to find the significance of differences in means between 
treated and untreated with isoflavones groups. When the dis-
tribution of variability was normality, a Student’s t-test was 
used in the analyses. For all statistical comparisons, a value 
of p ≤ 0.05 was considered statistically significant. 
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RESULTS 

Plasma concentrations of testosterone and estradiol 
The exposition of animals to SI at medium dose (20 mg/kg 
b.w./d) significantly decreased the T level (by 46.4%) in blood 
serum as compared to the control group. There were no sig-
nificant differences in E2 concentrations in blood serum in 
the SI treated groups at a dose of 2 mg/kg b.w./d comparing 
to the control group (Tab. 1).

Body, testis and epididymis weight
Treatment of rats at 20 mg/kg b.w./d dose-level significantly 
decreased the body, testis and cauda epididymis weights of rats 
as compared to both the control groups and the groups treated 
with SI at dose 2 mg/kg b.w./d. In addition, the weight of the 
caput epididymis tended to decrease in the SI treated groups, 
but the differences were not statistically significant (Tab. 2). 

Morphological analysis 

The testis 
The epithelium of the seminiferous tubules in rats of the con-
trol group revealed the presence of all generation of cells in 
spermatogenesis pathway, appropriate to the stage of the cycle 
of the seminiferous epithelium (Fig. 1A). 

In the seminiferous tubules of rats exposed to SI at a dose 
of 2 mg/kg b.w./d no obvious morphological changes were 
observed. Occasionally, the presence of prematurely exfoli-
ated germ cells in the lumen of the seminiferous tubules was 
noted (Fig. 1B). In contrast, in the seminiferous tubules of rats 
exposed to SI at a dose of 20 mg/kg b.w./d, the presence of 
prematurely exfoliated gametogenic cells in the lumen of the 
seminiferous tubules was observed in more numerous tubules 
compared to the S2 group. The presence of the empty space in 
the seminiferous epithelium as a consequence of sloughed cells 
was noted (Fig. 1C and 1D). In other tubules, the architectural 
disorganization of the seminiferous epithelium manifested 
by the presence of type I of spermatocytes in the central part 
of the tubule as well as the presence of multinucleated giant 
cells were found. 

The caput epididymis 
Figure 2 presents the morphology of the head and the cauda 
of epididymis. In the cross sections of the caput epididymis 
in the control group, the regular lumen lined with high epi-
thelium and well developed stereocilia on the apical surface 
of principal cells as well as intraepithelial lymphocytes were 
observed within the epithelium (Fig. 2A – red arrows). The 
duct was surrounded by 2–3 layers of smooth muscle cells.  
The loops of the ductus epididymis were supported by abundant 
interstitial tissue in which the mast cells were visible (black 
arrows). The morphological analysis of the caput epididymis 
did not show any significant changes neither in the epithe-
lium, basal lamina nor in the smooth muscle cells surround-
ing the ductus epididymis in rats of both groups treated with 
SI (data not shown). 

The cauda epididymis 
In the cauda epididymis of the control animals, the lumen was 
irregular, the epithelium was lower than in the caput and the 
diameter of lumen was larger (Fig. 2B). Within the epithelium 
intraepithelial lymphocytes were shown (red arrows). Below 
the basal lamina, 3–4 layers of smooth muscle cells were visible. 
The loops of the ductus epididymis were supported by a small 
amount of the interstitial tissue, in which the mast cells were 
noted (black arrows). 

There were no significant changes occurring in the epithe-
lium, basal lamina nor underlying smooth muscle cells in the 
rats treated with SI at both doses compared with the control 
group (data not shown). 

Morphometry 
The testis of rats from the S20 group exhibited significant 
reduction in diameter (µm) of the seminiferous tubules 
compared to the control group as well as compared to the 
S2 group (means ±SD: = 270.99 ±21.85, 299.85 ±40.40, 296.47 
±43.89, respectively; p < 0.001). No significant changes in the 
tested parameters in S2 group as compared to the control group 
were seen. The differences in the diameter of caput and cauda 
epididymis duct, the diameter of the lumen and the height of 
the epithelium in the soya-treated rats were not statistically 
significant (data not shown). 

Superoxide dismutase, catalase, glutathione 
peroxidase, and reductase activities 
Regarding the effects of rats treatment with SI on the OS sta-
tus in the testis, caput and cauda epididymis homogenates 
we observed a significant decrease of SOD activity in the caput 
and the cauda epididymis in both the treated groups of rats S2, 
S20 (caput 62% and 72%; cauda 64% and 74%, respectively), 
as compared to the control group (p < 0.05) – Table 3.

Further, the CAT activity was significantly decreased 
in the testis of both the treated groups S2 (54%) and S20 
(42%) compared to the control group (p < 0.05) and it was 
unchanged in the epididymis. Treatment with SI had no sig-
nificant effect on the GPx activity in both the testis and in 
the cauda epididymis in S2 group. However, the GPx activity 
in S20 group rats after treatment with SI was significantly 
increased by 3.15 times in the caput epididymis, compared with 
the untreated rats. Further, the GPx activity in the cauda of 
epididymis of untreated rats was 3.45 times higher than in the 
caput epididymis of the control group. The GR activity in the 
caput epididymis homogenate of S20 group was significantly 
decreased by 4.44 times (p < 0.05), while the enzyme activity 
in the cauda epididymis homogenate was increased by 3.71 
times (p < 0.01), compared with the respective control groups. 

Glutathione and lipid peroxides concentrations 
In the testis of S20 group concentration of GSH was significantly 
increased by approx. 2.3 times compared to the control group. 
In both the groups (S2, S20), the concentrations of LPO were 
decreased compared with the control group. The decrease 
reached significant levels and was a dose – dependent for the 
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caput and cauda epididymis in the S20 group. The concentra-
tion of LPO in the cauda epididymis homogenates in the S20 
group was significantly lower by 2.29 times vs. the control 
group and it was lower by 1.63 times vs. S2 group. 

DISCUSSION 

The current study was carried out to investigate the antioxi-
dant/prooxidant effects of soy derived isoflavones daidzein 
and genistein on the male testis and epididymis. As we noted, 
the rats’s supplementation with SI at lower dose (S2 group) had 
no effect on T level in blood serum, which is consistent with 
the previous findings [15]. In contrast, a significant decrease of 
the T level occurred in blood serum of rats exposed to dose of  
20 mg/kg b.w./d. This result may corroborate the finding 
of Napier et al. in male rats treated with a high dose of the 
genistein and daidzein mixture during prenatal life and lac-
tation [16]. The authors stated that daidzein and genistein 
stimulated proliferative activity in developing Leydig cells 
but suppressed their steroidogenic activity in adulthood. Phy-
toestrogens were also found to inhibit proliferation of Leydig 
cells in rats whose mothers were exposed to SI during preg-
nancy and lactation [17, 18]. In addition, in vitro study concern-
ing the influence of genistein on Leydig, Sertoli, and germ cells 
in the male gonad showed that the compound inhibited the 
growth and proliferation of all 3 types of cells and that the 
germ and Leydig cells were the most sensitive to genistein [19]. 
Besides, it was demonstrated that substances that exhibit a low 
estrogen activity like phytoestrogens may cause cryptorchid-
ism, epididymal cysts, residual remnants of Müllers’ ducts, 
changes in the function of Sertoli and Leydig cells, decrease 
testis weight and germ cells number, alterations in the semi-
niferous tubules as well as increase in number of apoptotic 
germ cells in the prenatal period, depending on their dose and 
time of exposure [20]. Reduced plasma T level also was found 
in rats treated with a high dose of phytoestrogens for approx. 
5 weeks [21]. The authors observed nonsignificant differences 
in plasma E2 levels between the phytoestrogens treated group 
and the control group, as was observed in our study. While 
some reports found no T changes in male rats treated with gen-
istein [19]. These findings indicate that genistein administered 
alone does not exhibit as strong effect as given together with 
daidzein. Interestingly enough, the synergy effect of daidzein 
and genistein on the reproductive system of male mice was 
actually confirmed [22]. At a very early stage of the reproduc-
tive system development when the blood-testis and blood-
epididymis barriers are not fully developed, the system is very 
sensitive even to gentle alterations in the microenvironmen-
tal conditions, what may cause serious consequences in adult 
life. A study of young men exposed to genistein, daidzein and 
glycitein (40 mg/kg b.w./d) for 2 months did not find a signifi-
cant imbalance in blood serum concentration of T [11, 23]. This 
finding also shows that adult period of life is not as susceptible 
to biochemical alterations as prenatal period. Moreover, rats 

have ability to metabolize daidzein to equol, whereas only 
30–50% of people have intestinal bacteria producing equol [24]. 

Our study revealed a significant decrease in the weight of 
body, testis and cauda epididymis in the S20 group vs. both 
the S2 group and the control group. The decrease in the body 
weight of rats treated with phytoestrogens has been also noted 
by other authors, however the authors used a high isoflavones 
dose (300 mg/kg b.w./d) [21]. In turn, Faqi et al. found that 
sexually mature rats chronically (12 months) administered 
with SI mixture at doses of 200 and 2000 mg/kg b.w./d had an 
unchanged weight of the body, testis, and epididymis [25]. These 
findings indicate that time of exposition or “the critical time of 
sensitivity” rather than the dose of SI are the key parameters. 

In the testis of the S20 group our results showed disorders 
in the morphology of the seminiferous epithelium, i.e. the pres-
ence of empty spaces after prematurely exfoliated germ cells 
into the lumen of seminiferous tubules. This finding may be 
a consequence of a hormonal imbalance, which may result 
from the decreased level of circulating T [26]. The presence 
of polynuclear giant cells within some seminiferous tubules 
was observed. These cells are formed from spermatogenic 
cell which have lost the connection with Sertoli cells [27]. The 
results suggest that formation of this type cells may be a result 
of a severe apoptosis of germ cells. Evidence indicates that SI 
are involved in a number of functions at the molecular level  
[8, 12] and they regulate the cell cycle and apoptosis [28, 29]. In 
the contrary to the testis, we did not reveal any histological 
abnormalities of the caput epididymis nor cauda epididymis in 
both the SI treated groups. This observation is similar to find-
ings of other researchers [11, 26, 30] and may result from a high 
stability of epithelial cells in the ductus epididymis (a poorly 
renewing population), which is characterized by a low mitotic 
index [31]. 

A more detailed evaluation of the testis and the epididymis 
originates from the morphometric analysis. Our study and 
those of Cederroth et al. [11] and Eustache et al. [15] found sig-
nificant reductions in the diameter of the seminiferous tubules 
in the testis of both the SI treated rats, but not in the epididymis. 

There is growing evidence of the involvement of ROS alone 
and their intermediates in the pathogenesis of the male repro-
ductive system injury [32, 33]. The present study adds to recent 
evidence that the SI supplementation can exert the positive 
effect on redox homeostasis in the testis and the epididymis. 

In the male reproductive system, the most sensitive to oxi-
dative damage are cell membranes of spermatozoa which are 
rich in PUFAs [34]. The present data demonstrate no statisti-
cally significant decrease in LPO concentration in the testis 
but significantly decreased LPO levels in the epididymis of 
S20 group. This finding means that the mixture of daidzein 
and genistein in addition to their estrogenic actions possesses 
antioxidant effect in the cauda epididymis. Isoflavones can 
scavenge products of lipid per oxidation acting as the hydrogen 
atom donor, thus they can stop free radical chain reactions [35]. 
However, in a study of Swiss mice, increased LPO level after 
a single injection of genistein at high doses was found in the 
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liver [36]. This discrepancy may be due to the high dose of 
genistein and type of target tissue. In addition, the antioxi-
dant effectiveness of genistein alone may be less than that in 
combination with daidzein. 

During epididymal transit, spermatozoa are exposed to vari-
ous types of ROS, which are by-products of the cellular metabo-
lism. Too high level of ROS may cause lipid peroxidation of the 
sperm plasma membrane, affect membrane fluidity, decrease 
fertilizing capacity, and even cause the sperm necrosis [37]. 
Evidence exist that SI may induce the expression of several 
antioxidant enzymes [38]. Superoxide dismutase is involved 
in removing superoxide anion radical ( ) of which concentra-
tion increases, e.g. during the maturation of spermatozoa [4]. 
In the current study we found that SOD activity in the caput 
and cauda epididymis of rats exposed to SI was significantly 
lower compared to the controls. This finding is not entirely 
unexpected, as SI have been reported to act as ROS scavengers 
among other their activities (e.g. estrogenic, tyrosine kinase 
inhibiting) [4, 7, 12]. However, our observation is not in line with 
the study of Abarikwu et al. who did not reveal changes in SOD 
activity in the epididymis of sexually mature male rats treated 
with rutin [39]. It is possible that rutin might exhibit lower anti-
oxidant activity than the mixture of genistein and daidzein. In 
addition, rutin was administered only 2ce a week for a month, 
in contrast to the chronic treatment in our experiment. 

To obtain more inside into the biological significance  
of administration of SI on testis and epididymis, the activi-
ties of CAT, GPx, and GR were evaluated. All the 3 enzymes 
are known to protect the cell from oxidative damage by free 
radicals and nonradical ROS (H2O2 and singlet oxygen) [4, 40]. 

The current data also revealed a significant reduction of 
CAT activity in the rats testis of both the SI-treated groups 
and a lack of such relationships for the caput and cauda of the 
epididymis, as compared to the control groups. These find-
ings may be compared with the data of 2 previous studies [39, 
41]. The study by Abarikwu et al. reported unchanged activi-
ties of SOD, CAT, GPx, and GR in testis and epididymis of male 
rats which were treated with rutin (30 mg/kg) twice a week 
for 4 weeks, presenting findings partly compatibility with 
our results [39]. The 2nd study by Barbosa et al. examined the 
effect of ingestion of aglycone isoflavone (5 mg/kg/day) for 30 
days in male rats reporting increased antioxidant activities 
of blood plasma, SOD and GPx in erythrocytes, and also in the 
kidney and liver tissues, although CAT activity was increased 
in erythrocytes but decreased in blood plasma, in contrast 
to our observation [41]. Thus, one might have expected that SI 
can affect the activity of the same antioxidant enzyme in dif-
ferent ways, depending not only on their dose but also on the 
isoflavones type chosen in these experiments, or the target 
tissue type. These results show the specificity of CAT action, 
which is known as an effective antioxidant when the level of 
H2O2 is very high [4, 36]. Under our experimental conditions, 
when SOD activity was reduced in the epididymis after treat-
ment with SI and the enzyme did not generate large amounts 
of H2O2, the finding that CAT level was not changed seems 
to be reasonable. 

In the S20 group there was significant increase in the GPx 
activity in the caput epididymis eliminating difference between 
the enzyme activity in the caput epididymis and the cauda 
epididymis that observed between the control groups. This 
result cannot be directly compared with previous ones. For 
example, Park et al. noted significantly increased level of GPx 
protein in the epididymal spermatozoa as the progress by 
successive portions of the epididymis [37]. This finding dem-
onstrates the heterogeneous demand of spermatoza for GPx 
during thier transit through the epididymis. 

To the best of our knowledge, the current study is the 1st that 
investigated the effect of SI on the GR activity in epididymis. 
We found a statistically significant reduction in GR activity in 
the caput epididymis and its increase in the cauda epididymis 
in the S20 group compared with the controls. This result for 
the cauda epididymis corresponds with the body of evidence 
available from published literature that phytoestrogens can 
reduce the level of OS in tissues directly acting as proton donors 
as well as indirectly, e.g. by an increase in levels of antioxidant 
enzymes or by transcriptional activation of various antioxi-
dant genes [12, 42]. In fact, evidence exists that genistein and 
daidzein exhibit a high reactivity towards, H2O2, in vitro [43]. 
On the other hand, the isoflavones as phenolic compounds can 
be oxidized to quinones followed by generation of free radicals 
being toxic for cell at higher concentrations [12]. Our finding 
that the activity of GR varied depending on the epididymis 
region allows to suggest that GR is a tissue-specific enzyme. 
These changes are likely due to the physiological, morpho-
logical and biochemical differences that occur in subsequent 
sections of this organ [44]. 

This study found significant increase in GSH concentra-
tion in the testis of the S20 group, which is in contrast with 
previous finding by Abarikwu et al. [39]. Results for the caput 
epididymis and cauda epididymis in the SI treated rats revealed 
a lack of differences in the GSH concentration among the exam-
ined groups. In this case our findings are in agreement with 
a study of Abarikwu et al. [39]. The observed increase in GSH 
level in the testis of S20 group may suggest that SI play an 
important role in scavenging ROS under our low OS condi-
tions. The effect of SI consumption on reproductive systems 
has been mainly evaluated in animal models and in a small 
number of human studies. Evidence has recognized that ani-
mal data are often consistent with findings in humans [15]. 
The current state of evidence regarding the effect of environ-
mental estrogens on humans and animals’ health includes the 
classical genomic pathway (receptor activation and gene tran-
scription) and nongenomic pathways, i.e. by rapid membrane 
effects mediated, e.g. by OS pathways, tyrosine kinases, and 
nuclear transcription factor – NF-κβ. Both the estrogenic and 
anti-estrogenic effects of genistein and daidzein are linked with 
their polyphenolic structures similar to that of E2, i.e. abilities 
to interact with ERα and ERβ [45]. The isoflavones can exert 
their effects in the hypothalamic-pituitary-gonadal axis of the 
endocrine system by modulating production and secretion of 
the gonadotropin hormones: luteinizing hormone and follicle 
stimulating hormone. Luteinizing hormone stimulates sex 
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steroid production including E2 and testosterone and controls 
spermatozoa formation in males. 

CONCLUSIONS 

Summing up, our results provide additional evidence that 
chronic administration of daidzein and genistein in combi-
nation to male rats from fetal life until to sexual maturity may 
result in positive effect on maintaining redox balance in the 
epididymis. The protective effect of these isoflavones on male 
reproductive system is confirmed in the S20 group as where 
isoflavone intake was inversely related to the LPO concentra-
tion in the epididymis and positively correlated to the GPx 
activity in the caput epididymis and to the GSH concentra-
tion in the testis. However, the observed decreases in the SOD 
activity in the epididymis and the CAT activity in the testis 
show the weakness the cellular antioxidant defense. In addi-
tion, the decreases in the weights of the testis and the cauda 
epididymis and serum T level as well as the testicular lesion in 
the seminiferous tubules and the architectural disorganization 
of the seminiferous epithelium imply that chronic administra-
tion of SI at 20 mg/kg b.w./d dose has the potential to affect 
androgen deficiency. Our novel finding is an observation that 
the GR activity was dependent on the region of the epididymis 
being significantly decreased in the caput and increased in the 
cauda epididymis in the S20 group. 

Future research should determine the level of evidence for 
factors that remain in the subject literature conflicting, such 
as type and optimal SI dose, the additive or synergic action of 
their mixture, optimal duration of SI exposition and a window 
of opportunity for treatment among other, which are not identi-
fied yet. This may allow to maintain the cellular redox homeo-
stasis in the male reproductive system. Also, additional experi-
mental and epidemiological studies are required to expand 
current knowledge dealing with the synergic or additive effects 
of genistein and daidzein on male sexual organs. 
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