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Abstract
AIM: This research aims to examine the effects of soy milk on mounting latency (ML), mounting frequency (MF), 
estrogen levels, androgen-binding protein (ABP) expression, and spermatogenesis in male rats (Rattus norvegicus).

METHODS: Twenty-four male Wistar rats (R. norvegicus) aged 4 weeks were divided into four groups. Control group 
(given a normal diet), P1; P2; and P3 (given the normal diet and soy milk powder at doses of 7.1; 14.2; and 21.3 g/
KgBW/day, respectively) for 6 weeks. Observation of ML and MF was performed at 9 weeks 5 days of age, and rat 
surgery was performed at 10 weeks of age. Analysis of estrogen hormone levels was conducted by enzyme-linked 
immunosorbent assay, ABP staining was using immunohistochemistry method, testicular spermatogenesis was 
observed using histopathological methods, and observation of spermatozoa was performed under the microscope.

RESULTS: The results showed no significant reduction of ML and MF, estrogen levels, and ABP expression (p ≤ 0.256; 
0.865; and 0.959, respectively) in male rat, but there was a significant decrease in the number, morphology, motility 
of spermatozoa, and testicular histopathology, (p ≤ 0.000, 0.003, 0.008, and 0.000, respectively).

CONCLUSION: The administration of soy milk in various doses (7.1; 14.2; and 21.3 g/KgBW/day) in male Wistar 
rats (R. norvegicus) had showed significantly difference on histopathological evaluation using Johnson’s scoring 
system, sperm quantity and quality, while on ML and frequency, estrogen levels, and ABP expressions did not show 
significantly difference between groups. That describe of isoflavone in soy milk can affect several aspects related to 
male endocrine and reproductive development.
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Introduction

Soy milk is a beverage that is easily found 
in everyday life in Indonesian society. It is often used 
as a substitute for breast milk and cow milk. Soy milk 
contains high isoflavones, the bioactive compounds 
that have biological activity similar to estrogen, and 
often referred to as phytoestrogens [1]. Phytoestrogens 
are very similar in chemical structure to mammalian 
estrogens, estradiol, and are able to bind to alpha and 
beta estrogen receptors [2], [3], [4]. Apart from having 
beneficial health effects, the estrogenic properties of 
phytoestrogens are often being a concern, because 
they can act as endocrine-disrupting chemicals (EDCs), 
which have the potential to cause adverse health 

effects. EDC is natural or synthetic compound that can 
change hormonal function by various mechanisms. 
Due to its active compound, soy intake has the 
potential to cause adverse health effects under certain 
circumstances, particularly when exposure occurs 
during developmental time [5].

It was found that soybean extract decreased 
the levels of follicle stimulating hormone (FSH) and 
luteinizing hormone (LH) on male Wistar rat pups 
whose mother was given soy extract during pregnancy 
and breastfed the cubs until 2  months of age [6]. 
There was also a decrease in testosterone levels 
and abnormalities of spermatogenesis. The decrease 
in testosterone levels also causes a decrease in 
aromatization of androgens to estrogen; hence, 
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isoflavones act as estrogen agonists and bind to ER in 
the epididymis, prostate, and testicular tissue so as to 
stimulate estrogen secretion [7].

Androgen is steroid hormone that plays a 
role in regulating sexual behavior, especially through 
increased of appropriate stimuli, their effect on 
synthesis of enzymes, receptors, and/or proteins that 
affect neurotransmitter function. The androgen receptor 
(AR) in medial preoptic area (MPOA) contributes to 
the copulation ability of male rats [8]. Phytoestrogens 
can inhibit the binding of dihydrotestosterone (DHT) 
and AR by binding competitively to AR and inhibiting 
AR-mediated transactivation. The action of androgens 
on the target tissue results in a masculinizing effect, is 
partly responsible for continued spermatogenesis in the 
testes, increases in aggression and sexual behavior. 
The testosterone produced by the testes is the most 
active androgen [7]. Testosterone plays a major role 
in regulating male sexual behavior. The effects of 
testosterone on sexual behavior are mediated in the 
brain directly through AR and indirectly (after local 
aromatization to estradiol) through ER, particularly 
the estrogen receptor alpha (ERα). The brain areas 
involved in regulating male sexual behavior, especially 
in the hypothalamus and preoptic areas, one of which 
is MPOA, an important integrative core in male sexual 
behavior [9].

The presence of phytoestrogens which inhibits 
the production of testosterone may affect the work of 
androgen and ABP receptors which have a role in the 
formation of testosterone and differentiation of sexual 
cells in males [10]. Phytoestrogens can also affect 
the bioavailability of sex hormones by binding to or 
stimulating sex hormone binding globulin (SHBG) 
synthesis. Some phytoestrogens exert an inhibitory 
effect on steroidogenic enzymes, for instance, 
isoflavonoids and lignans inhibit 5α-reductase activity, 
thereby reducing the conversion of testosterone to the 
active form DHT [11].

The reproductive ability of male animals can 
be determined by the quality and quantity of semen 
produced. Good semen quality can be seen from the 
percentage of normal spermatozoa and their motility. 
It indicates that the administration of soy isoflavones 
showed a response to a decrease in the mean number 
of rat spermatozoa [12], it is suspected that isoflavones 
are estrogen agonists that can bind to ER and stimulate 
an estrogen response so that it can interfere with 
spermatogenesis [3]. The disruption of spermatogenesis 
and infertility is caused by phytoestrogen compounds in 
soybean extracts which can downregulate mRNA from 
FSH receptors, inhibin α, INHβB, ABP, and transferrin 
in Sertoli cells [13].

As the public’s consumption of soy milk 
increases, greater concern and consideration of the 
properties of soy as EDCs by nutritionists and other 
health practitioners are needed. The consumption of 
soy milk by infants and young children is of particular 

concern because their hormone-sensitive organs, 
including the brain and reproductive system, are still 
undergoing sexual differentiation and maturation, thus, 
their susceptibility to the disruptive endocrine activity 
of soy phytoestrogens may be very high [5]. Human 
studies have shown the effects of estrogenic chemicals 
on the reproductive organs of boys. A  collaborative 
cohort study of approximately 1200 boys from 
women who were exposed to diethylstilbestrol 2–12 g 
(5  g average), showed an increased incidence of 
cryptorchidism, epididymal cysts, and infection of the 
testicles, especially when exposure occurred before 
11th weeks of gestation [14]. The objective of this study 
is to examine the effects of soy milk on mounting 
latency (ML), mounting frequency (MF), estrogen 
levels, ABP expression, sperm quantity, and quality 
also spermatogenesis in male rats.

Materials and Methods

Research design

This study used an experimental method using 
post-test only control group design, to see the effect 
of soy milk on sexual behavior, estrogen hormone 
levels, ABP expression, testicular histopathology, 
and spermatozoa quality in male Wistar rats (Rattus 
norvegicus). Four groups were obtained: Control 
(administered with regular diet), and P1-P3 which 
received the regular diet and soy milk at 7.1, 14.2, and 
21.3 g/KgBW/day, respectively, for 6 weeks.

Soy milk

The soy milk used in this study was local-
branded powdered soy milk that often used for cow 
milk substitute in Indonesia and was obtained at a 
local market. The isoflavone content of this soy milk is 
3.8 mg/100 g.

Experimental animals

The population used was a male Wistar rat (R. 
norvegicus) obtained from the Pharmacology Laboratory 
of the Faculty of Medicine, Brawijaya University, weight 
of about 62–70 g, and 4 weeks of age. Each rat was 
given a sufficient space to avoid discomfort or pain.

Animal husbandry

Rats were kept and adapted in the laboratory 
for 7  days at constant room temperature (20–25°C) 
with regular light and dark cycles, which were 12-h 
light cycles and 12-h dark cycles. For the housing 
of the animals, a plastic box was used, each for four 
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rats, covered with wire and given a husk mat which 
was changed every 3  days to prevent infection. The 
dietary requirement for adult rats was 45 g/day/head. 
The normal diet consists of 67% Comfeed PAR-S (PT 
JAPFA COMFEED  INDONESIA, Jakarta, Indonesia), 
33% flour, and water, given ad libitum. The experimental 
protocol has been reviewed and approved by the 
Ethical Committee of Faculty of Medicine, Brawijaya 
University.

Animal grouping and soy milk 
administration

Twenty-four male rats (R. norvegicus) were 
divided into four groups. With one group as a control 
(without treatment) and the other three groups given 
different doses of soy milk, each sample in the group 
was six rats. The details of the group division are as 
follows: Control group (given a normal diet), P1; P2; 
and P3 (given the normal diet and soy milk powder at 
doses of 7.1; 14.2; and 21.3 gr/KgBW/day, respectively) 
for 6 weeks. The dose of soy milk given was adapted 
from a study by Nurdiana et al. [15] where soy milk 
with isoflavone content of 3.53  mg/100  g milk had a 
spermatogenesis-reducing effect in male rats.

Milk is made by mixing powdered soy milk 
containing isoflavones with warm water with a maximum 
volume of 3cc. Soy milk was given orally. Soy milk was 
started at 4 weeks of age and was given for 6–10 weeks 
of age. The timing was based on the age of the young 
rats at weaning (4 weeks), and the age of the adult rats 
when they reached reproductive and sexual maturity 
(10 weeks) according to Sengupta [16]. The provision 
of soy milk was conducted by means of a sonde and 
was given a maximum of 2 times a day (morning and 
afternoon).

ML and MF test procedure

ML is the time it takes for the male to respond 
to the presence of an estrous female calculated from 
the time the female is inserted into the cage until the 
male rat carries out the first mounting attempt by lifting 
the front of the body over the hindquarter of the female 
(hindquarter), and grasping the female’s pelvis with her 
forepaws [17]. The MF, calculated by observing the 
number of times the male mounts it in 20 min (1200 s).

ML and MF were conducted 1 h after giving the 
last treatment in the dark laboratory room. After being 
treated, the male rat tested was put in a plexiglass 
cage measuring 25 × 25 × 32  cm, 1  male rat each 
cage. Ten minutes later, an estrus female rat (1:1) 
was introduced. Induction of estrus was performed 
by giving estradiol valerate 2  m/200  g BW orally 
48  h before observation (estradiol valerate, known 
as natural estrogen will replace the use of ethinyl 
estradiol to minimize the risk of thromboembolism) and 
medroxyprogesterone 0.125  mg/20  g subcutaneous 

weight 6  h before observation [18]; determination of 
the estrous cycle based on observation of the vaginal 
opening appears open, slightly swollen, wet, and pink 
and moist in color [19]. The determination of ML and 
MF was based on observations of the activity of rats 
recorded by camera.

Enzyme-linked immunosorbent assay 
(ELISA)

Analysis of estrogen levels was performed 
using an ELISA brand BT-Lab E0176Ra. The 
analytical procedure was performed according to the 
manufacturer’s instructions.

Dissections

The anesthetic drug used was ketamine at 
a dose of 0.2  mL. The rats that were already under 
anesthesia were then placed on the surgical table 
and fixed, then surgery and organ harvesting were 
performed. Then, the testis organs are taken and 
separated with the epididymis and vas deferens.

Tissue preparation

Testicular tissue is fixed in 10% neutral buffered 
formalin for at least 24 h to prevent autolysis and tissue 
decomposition. After fixation, the tissue is cut using a 
scalpel so that it is possible to insert it into the tissue 
cassette and label it. Then, the tissue is processed into 
microscopic parts by going through the dehydration, 
clearing, and embedding stages. Dehydration is done 
by immersing the tissue in several concentrations of 
alcohol to remove water and formaldehyde, clearing is 
done to clean the remaining alcohol. The final step is 
embedding, which is inserting the tissue into a paraffin 
block to produce a very thin piece of tissue. The paraffin 
block was cut using a microtome (4–5 micrometers) to 
produce a very thin section of tissue, after which it was 
transferred to a warm water bath [20].

Making histopathological preparations

The histopathological preparations were 
made using the paraffin block method. The testicular 
tissue that has been fused was followed by rinsing 
using water for at least 1.5 h. The tissue was added 
with 70% alcohol for 1 h, 80% alcohol for 1 h, 99% 
alcohol for 1 h, and absolute alcohol for 2 × 1 h then 
immersed in a mixture of xylol: absolute alcohol 
= 1:1 for 0.5  h, and xylol PA for 2 × 30  min. The 
tissue was cut as thin as possible and put in melted 
paraffin: xylene = 1:  1 for 1  h, paraffin (54–58) for 
2 × 1 h. The liquefied parrafin was put into a cube-
shaped mold and then placed in the desired position 
then watered again with sufficient paraffin. The 
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chilled paraffin block was removed from the mold. 
Then, the back of the paraffin block was placed on 
the microtome with a position indicator that shows 
the thickness of the cut (4–5 μm). The cut results 
with a microtome in the form of ribbons were then 
transferred to a warm water bath (45°C) to stretch 
the paraffin parts. A  preparate or glass object was 
placed on the underside of the selected tissue 
and then removed from the warm water bath, after 
which it was allowed to dry for 24 h, preferably in a 
thermostatic laboratory oven at 37°C [21].

Immunohistochemistry (IHC)

Testis tissue preparations were given 
retrieval antigen using citrate buffer, then rinsed 
using PBS for 3 × 5 min. After that, the endogenous 
enzyme blocking used 3% H2O2, gave primary 
antibody (ABP/SHBG polyclonal antibody catalog 
number BS-2410R) which has been dissolved in PBS 
5% with a ratio of 1:100, then incubated in a staining 
chamber at 4°C overnight. PBS was used for washing. 
Then, testes testis preparates were incubated with 
biotinylated anti-rabbit immunoglobulin G, diluted in 
PBS 1:200, containing 1% bovine serum albumin 
for 2  h, go on horseradish peroxidase streptavidin 
(SA-HRP) was applied in e dilution of 1:200 in PBS-
BSA for 2  h. Immune precipitates were visualized 
with diaminobenzidine, after staining for 5 min, testis 
preparates were rinsed in distilled water, applied 
counterstain with Mayer’s hematoxylin and mounted 
in Entellan [22].

ABP expressions were observed qualitatively. 
Immunohistochemical stained was observed and 
photographed using an Olympus BX51 microscope 
with a magnification of 400  times. Furthermore, 
observations were made using the image software J. 
ABP expressions were expressed in the number of 
Sertoli cells, which were brown in the cytoplasm in ten 
visual fields.

Histopathological evaluation of testis 
tissue

The tissue section was deparaffinized with 
xylol, rehydrated with water and alcohol, and then 
stained with the hematoxylin-eosin (HE) method. 
The slides were examined under a light microscope 
at ×400 magnification [23]. For histopathological 
evaluation, four seminiferous tubules in each animal 
(number of animals in each group = 6) were randomly 
selected. The Johnson Score classification system 
was used to assess spermatogenesis quantitatively 
and is summarized in Table 1. Each tubule was given 
a score of 1–10 based on the most mature germ cells. 
The mean score of each animal was analyzed and 
compared [24].

Sperm quantity and quality

Suspension manufacturing stage

The left and right epididymal cauda were 
taken, put in a Petri dish containing 0.9% NaCl solution, 
chopped with a scapula until the liquid was cloudy. 
The spermatozoa suspension obtained was used for 
analysis of the number, morphology, and movement of 
the spermatozoa.

Number of spermatozoa

The spermatozoa obtained were diluted 
10,000  times. Dilution was done by taking 0.1  mL of 
spermatozoa suspension and adding 0.9  mL of 0.9% 
NaCl (dilution 100 times). Then, 0.1 mL of suspension 
of spermatozoa was taken and 0.9 mL of 0.9% NaCl 
was added (dilution 1000 times). After that, 0.1 mL of 
spermatozoa suspension was taken and 0.9  mL of 
0.9% NaCl was added (dilution 10,000  times) [25]. 
The spermatozoa concentration was calculated using 
a hemocytometer. A  total of 10 µl of the sample were 
inserted into the hemocytometer boxes and closed with 
a cover glass. The hemocytometer was placed under a 
light microscope with 400 times magnification and the 
number of spermatozoa is counted in one box A, B, C, 
or D using the formula [26].
Information:
n: the number of spermatozoa in 4 plane boxes
p: dilution
v: chamber volume count

Spermatozoa motility (movement)

10 µl of the spermatozoa suspension was 
dropped on a glass slide then covered with a cover 
glass, allowed to stabilize for 1  min, then observed 
using a light microscope with 400  times magnification 
and then assessed the motility of the spermatozoa. The 
spermatozoa motility category consists of motility A, the 
movement of the spermatozoa is straight forward and 
fast (progressive); motility B, spermatozoa movement 
in place (non-progressive); and motility C, the 
spermatozoa are stationary or immobile. Examined 4–6 
fields of view to obtain 100 spermatozoa consecutively, 

Table 1: Johnson’s scoring system
Score Histopathology criteria
10 Complete spermatogenesis with many spermatozoa and organized germinal 

epithelium
9 Many spermatozoa present and disorganized germinal epithelium
8 Few spermatozoa (<5) and a few late (<5) spermatids present
7 Many early spermatids present but no spermatozoa or late spermatids
6 Few early spermatids (<5) present but no spermatozoa or late spermatids
5 Many spermatocytes present but no spermatozoa or spermatids
4 Few spermatocytes (<5) present but no spermatozoa or spermatids
3 Only spermatogonia present
2 Only Sertoli cells present and no germinal epithelium
1 No Sertoli cells and no germinal epithelium present
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then classified so as to yield the percentage of each 
motility category [27]. Observations were made on 
spermatozoa with motility category A.

Spermatozoa morphology

Morphological observations used the Safranin-
Crystal Violet staining method, which was by making 
a 5 µl smear of sperm on a glass object and fixing it 
using 99% methanol for 5  min. Evenly with safranin 
for 5 min then dipped in phosphate buffer pH 6.8 then 
immediately removed. Then, evenly distributed with 
0.25 g% crystal violet acetate Ph 2.4 buffer for 5 min. 
Then, it was rinsed and waited to dry [27]. Morphological 
observations were conducted under a light microscope 
with 400 times magnification of 100 spermatozoa; the 
results were averaged and expressed in percent [28]. 
Observations were made on spermatozoa with no 
abnormalities in the head, neck, and tail.

Statistics

We used SPSS 23 software for windows. 
Sexual behavior (ML and MF), estrogen levels, 
ABP expression, and spermatogenesis variable 
(spermatozoa’s number, spermatozoa’s number 
with normal morphology and normal movement, and 
histopathology testis using Johnson’s scoring system) 
were parametric numbers and presented by mean and 
standard deviation (SD). We used ANOVA to compare 
the mean of variables in control group with treated 
group. If the result showed significantly difference (p 
< 0.05), continue with post hoc analysis using least 
significance different.

Results

Table 2 showed the mean ± SD also p-value 
about ML, MF and development reproduction in male 
Wistar rats after administration soy milk for 6 weeks. 
There was no statistical differences were found 
in the ML (p ≤ 0.987) and MF (p ≤ 0.256) of male 
Wistar rats. The effect of soy milk on estrogen levels 
is presented in the mean for each treatment group 
which not significantly different between groups (p ≤ 
0.865). Soy milk effect on androgen-binding protein 
(ABP) expressions is presented by calculating the 
cells mean in each treatment group (Table  2 and 
Figure 1) which ABP expressions were not significantly 
difference between groups (p ≤ 0,959). The sperm 
quantity and quality showed that the number was 
significantly different in each group (p ≤ 0.001), the 
number of spermatozoa with normal morphology was 
significantly different (p ≤ 0.003) and showed various 
spermatozoa morphologies in each treatment group 

(Figure 2) also there was significantly differences that 
were found in the number of spermatozoa with normal 
movement (p ≤ 0.008).

Figure 1: Cross-sectional section photomicrograph of rat testes with 
immunohistochemical staining. Black arrow showed positive ABP cell 
staining with brown color and red arrow showed negative ABP cell 
staining with blue color; (a) control group, (b) treatment Group 1 with 
soy milk dose 7.1 g/KgBW/day, (c) treatment Group 2 with soy milk 
dose 14.2 g/KgBW/day, (d) treatment Group 3 with soy milk 21.3 g /
KgBW/day (magnification ×400)

dc

ba

Changes in the histological feature of testicular 
tissue for each treatment group after being given soy 
milk are presented in Figure 3.

In control group, it can be observed the most 
complete cell layer and there are no histopathological 
changes. The mean Johnson score in this group was 
9.75 indicating normal spermatogenesis with many 
spermatozoa, layers of germinal epithelium arranged 
in regular thickness, and uniform tubules. In Group 1 
treated with soy milk 7.1 mg/kg, the average Johnson 
score decreased by 5.12% compared to the control 

Table  2: Effect of soy milk on mounting latency, mounting 
frequency and reproduction development in male Wistar rats 
(Rattus norvegicus)
Variable Group Mean ± SD p-value
Mounting latency K 72.17 ± 31.301 0.987

P1 69.83 ± 42.064
P2 64.25 ± 38.222
P3 64.50 ± 53.898

Mounting frequency K 5.33 ± 1.751 0.256
P1 4.33 ± 3.077
P2 4.00 ± 4.099
P3 2.00 ± 1.673

Estrogen level K 34.22 ± 1.46 0.867
P1 34.58 ± 0.93
P2 34.42 ± 0.32
P3 34.67 ± 0.97

Expression of androgen binding protein (abp) K 56.00 ± 29.052 0.959
P1 52.67 ± 9.993
P2 50.83 ± 23.293
P3 50.33 ± 8.847

Number of spermatozoa K 1.31 ± 0.04 0.000
P1 0.78 ± 0.06
P2 0.20 ± 0.02
P3 0.14 ± 0.01

Number of spermatozoa with normal morphology K 63.83 ± 3.920 0.003
P1 58.33 ± 5.391
P2 54.17 ± 4.535
P3 51.67 ± 6.121

Number of spermatozoa with normal movement K 65.50 ± 5.541 0.008
P1 57.67 ± 9.993
P2 54.50 ± 8.939
P3 47.33 ± 6.890

Information: Mounting latency (seconds), Mounting frequency (times), Estrogen Levels (ng/L), Expression 
of androgen binding protein (%), Number of spermatozoa (million/mL), Number of spermatozoa with normal 
morphology (%), Number of spermatozoa with normal movement (%); K = Control group; P1 = Soy milk 
dose of 7.1. g/KgBW/day, P2 = Soy milk dose of 14.2 g/KgBW/day, P3 = Soy milk dose of 21.3 g/KgBW/
day.
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Figure  2: Normal and abnormal morphology of wistar rat sperm 
with Crystal-Violet staining (magnification of ×400). Black arrow: 
(1) Spermatozoa with normal morphology; Red arrows: Spermatozoa 
with abnormal morphology include: (2) Spermatozoa without tail; 
(3) Flattened head; (4) Curved tail; (5) Bent neck; (6) The ends of the 
tail and head meet; (7) Bent tail; (8) Coiled tail. Control group, P1: 
treatment with soy milk dose 7.1 g/KgBW/day, P2: Treatment with 
soy milk dose 14.2 g/KgBW/day, P3: treatment with soy milk 21.3 g /
KgBW/day
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group (p ≤ 0.05) but was still categorized as normal 
spermatogenesis. This group shows a complete 
germinal epithelial layer but is decreasing in number. 
In Group  2, treated with soy milk 14.2  mg/kg, the 
average Johnson score decreased compared to the 
control group by 14% and Group 1 (p ≤ 0.05) by 9.4%. 
This group showed mild spermatogenetic damage 
characterized by very few spermatozoa, thinning of 
the late spermatid layer, slight sloughing of the germ 
epithelial cells, and irregular arrangement. In Group 3 
which was given soy milk 21.3  mg/kg the average 
Johnson score decreased significantly compared to the 
control group by 25.2%, Group 1 by 21.1%, and Group 2 
by 13% (p ≤ 0.05). The features of this group were 
categorized as mild spermatogenetic damage. They 
have neither spermatozoa nor late spermatids, worse 
epithelial disintegration, and damage to the basement 
membrane. Figure 4 showed that there were changes 
in the structure and morphology of the seminiferous 
tubules in the group treated with soy milk.
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Figure 4: The mean ± SD histogram of the Johnson score in the four 
treatment groups; (K) control group, without treatment (P1) treatment 
Group 1 given soy milk 7.1 g/KgBW/day (P2) treatment Group 1 
given soy milk 14.2 g/KgBW/day (P3) treatment Group 1 who were 
given soy milk 21.3 g/KgBW/day

Discussion

This study was done to identify the effect 
of soy milk on sexual behavior, estrogen levels, ABP 
expression, and spermatogenesis in rats (R. norvegicus) 
if they were given from 4  weeks until 10  weeks age. 
After the experiment was carried out for 6 weeks, the 
rats were dissected.

ML and MF are two of the most important 
aspects to assess about sexual behavior [29]. With 
the presence of phytoestrogens as endocrine disruptor 
that can bind antagonistically to ER [4], [11], and can 
downregulate AR [8], it should have changed the 
sexual behavior of male rats, since sexual behavior of 
male rats was influenced by ER and AR in MPOA [30]. 
However, hormonal effects elsewhere are required for 
full activation of behavior [30], and a study in sexual 
behavior in ERα knock-out rats showed that ERα was 

Figure  3: Photomicrograph of cross-sectional section of rat testes 
with HE staining. (a and b) Control group, (c and d) soy milk 
treatment group 7.1 g /KgBW/day, (e and f) soy milk treatment group 
14.2 g /KgBW/day, (g and h) treatment group 21.3 g /KgBW/day. The 
testes in the control group and treatment Group 1 indicated normal 
histology, while the testes in the treatment Group 2 and treatment 
Group 3 showed mild injuries, including atrophy, reduced germ cell 
count, and basement membrane damage. (Sg: Spermatogonia, 
Sc: Spermatosit, StE: Early spermatid, StL: Late spermatid, Sz: 
Spermatozoa) (Magnification ×400 and ×100)
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not essential during development for the expression of 
masculine sexual behavior in male rats [31]. In addition, 
dopamine can activate sexual behavior through 
mechanisms acting on ER (other than ERα) or through 
pathways that are not dependent on estrogen.

A narrative review by Messina et al. [32] stated 
that there is essentially no clinical study evidence 
suggesting that exposure to isoflavones affects 
circulating estrogen levels in men. The reasons for the 
lack of change in estrogen concentration are unclear. 
The rate of aromatization of peripheral androgens is 
greater in estrone than in estradiol [33]. It may be related 
to differences in the effects of soy milk consumption.

The histology of testes was stained with IHC. In 
the present study, ABP expressions were not significantly 
difference between groups. Yin et  al. (2014) studied 
on Sertoli cells in vitro that were treated isoflavones 
(daidzein and genistein) show not significantly difference 
of mRNA ABP in each treatment groups [13]. Isoflavone 
can act agonist and antagonist, in this study isoflavone 
as agonist that was showed not significantly difference 
estrogen levels (Table 2). The result of this study relevant 
with Fang et al. (2017) study that administration of soy 
formula milk for babies under 1  year old showed not 
significantly difference in estradiol, FSH, and SHBG 
levels between formula milk group [34]. Estrogen, FSH, 
androgen, prolactin, and insulin have role for regulating 
ABP expression and secretion that produced by Sertoli 
cells which functions to bind testosterone and provides an 
androgenic environment for supporting spermatogenesis 
and sperm maturation process [35].

Based on Table 2, the administration of soy milk 
had showed significantly difference on sperm quantity 
and quality. The results of this study are the same as 
the results of research conducted by Cederroth et al. 
[36] in male rats that consume foods that contain lots of 
phytoestrogens in the long term can interfere with the 
spermatogenesis process, causing a decrease in the 
number of spermatozoa.

A decrease in the number of spermatozoa 
with normal morphology, one of which can be caused 
by a disturbance in the spermatogenesis process due 
to the isoflavone content found in soy milk, which is 
indicated by a decrease in spermatogenesis (Figure 4). 
In line with research conducted by Nurdiana et al. [15] 
where soy milk exposure reduced spermatogenesis in 
male rats, disruption of the spermatogenesis process, 
especially in the spermiogenesis process [12]. A disrupt 
the physiological processes of reproductive hormones 
and spermatogenesis resulting in interferes with the 
integrity of DNA in spermatozoa. DNA in spermatozoa 
is very susceptible to environmental changes [37]. 
Spermatozoa morphology could indicate DNA integrity 
and quality of spermatozoa [38].

The movement (motility) of spermatozoa is very 
important because it shows the ability of the spermatozoa 
to conduct the fertilization process [39]. The energy 

source of the spermatozoa is ATP and is produced by the 
mitochondria which are located in the flagella (midpiece) 
[40], [41]. The decrease in spermatozoa motility is due 
to the influence of interference in the spermatogenesis 
process due to isoflavones contained in soybeans [12], 
[42]. The movement of spermatozoa is also influenced 
by the morphology of the spermatozoa itself, in which the 
presence of normal morphology can result in increased 
motility [43], as well as the results of this study regarding 
the morphology of spermatozoa (Table 2). The results 
of this study are also in line with research conducted by 
Sinaga [12] and Adriani and Nita [39] which stated that 
giving isoflavones contained in soybeans can reduce 
the quality and quantity of spermatozoa.

The histological analysis in this study shows that 
the destructive effect of soy milk as an EDC can be caused 
by increasing levels of the hormone estrogen resulting in 
an imbalance in the reproductive hormone system [34] [44]. 
This estrogenic activity triggers various abnormal molecular 
events that affect the cellular, tissue, and organ levels [45]. 
Estrogen exposure can decrease the ability to synthesize 
testosterone by inhibiting genes involved in steroidogenesis 
(StAR and cyp17α1) and suppressing GnRH which 
regulates the hormones FSH and LH [46]. There is a 
disturbance in the spermatogenesis process, a decrease 
in the number of viable sperm, as well as pathological 
changes such as atrophy, germ cell degeneration, and 
fibrosis. Hormonal imbalance and damage to the testes 
after giving soy milk are multifactorials that cause delayed 
maturation of spermatogonia to reach the next level of cell 
development, becoming spermatocytes, spermatids, and 
spermatozoa [47].

Histopathological evaluation using the Johnson 
score can be a useful tool to measure the endocrine-
disrupting effect and predict reproductive ability [48]. 
Soy milk interferes with the spermatogenesis process in 
a dose-dependent manner. The highest dose increases 
resulted in worse testicular tissue damage so that the 
Johnson score decreased significantly. Meanwhile, 
the group treated with the lowest dose had the least 
testicular tissue damage.

Conclusion

The administration of soy milk in various doses 
(7.1 g/KgBW/day, 14.2 g/KgBW/day, and 21.3 g/KgBW/
day) in male Wistar rats (R. norvegicus) had showed 
significantly difference on histopathological evaluation 
using Johnson’s scoring system, sperm quantity and 
quality, while on sexual behavior (ML and frequency) 
estrogen levels and ABP expressions did not show 
significantly difference between groups. That describe 
of isoflavone in soy milk can affect several aspects 
related to male reproductive development. The possible 
toxicity effects need further research.
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