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Subacute oral toxicity study of soy isoflavones on organ 

weights and sperm parameters in male Wistar rats 
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Abstract 
Soybean is rich source of protein consumed by human and animals but it elicits phytoestrogenic 

properties. The present study was conducted to evaluate subacute toxicity of soy isoflavones on organ 

weight and sperm parameters in adult male Wistar rat. Soy isoflavone (SI) extract was prepared, 

quantified and utilized for present study. Animals were equally divided into three groups (n=8). Group I 

served as control and given normal saline through oral gavage for 28 days, while group II and group III 

were given SI @ 250, @ 500 mg/kg bwt/day daily orally for 28 days period. After completion of 28 days 

animals were sacrificed and relative organ weight and sperm parameter were analyzed. The organ weight 

of liver and thymus were significantly decreased in both treatment groups when compared with control 

group. Kidney, brain and epididymis weight revealed non-significant differences. The organ weight of 

adrenal was significantly increased in both treatment groups compared to control group. However, 

relative weight of spleen was significantly higher in group II as compared to group III and control group. 

Testis and seminal vesicle revealed non significant dose dependent decreased values. Epididymal sperm 

count and sperm motility was found to be significantly decreased in both the treatment groups as 

compared to control group. Sperm head and total sperm abnormalities were significantly increased in 

group II and group III when compared with the control group, while mid piece abnormalities were 

significantly elevated in group III compared to group I and II. Soy isoflavone subacute toxicity @ 250 

mg/kg bwt. and 500 mg/kg bwt. leads to alterations in organ weight of liver and thymus and showed 

decreased epididymal sperm count and elevated sperm abnormalities in adult male rats. 

 

Keywords: Soy isoflavones, organ weights, sperm, rat 

 

1. Introduction 

Soy bean (Glycine max) belong to family Leguminosae which is abundantly used as a food 

ingredient in the diet of domestic animals, fish and human being from long time to fulfill the 

nutritional need of protein and fat and now a days popular for nutraceutical soy products [1, 2]. 

Soybean is an excellent source of quality protein, fat, and fiber. Soybean-rich diet offered to 

the animals also leads to a high serum concentration of isoflavones in the animals [3]. 

Phytoestrogens are polyphenolic, nonsteroidal compounds of plant and have importance in 

female reproductive physiology and can prevent breast cancer, heart disease, prostate cancer 

and osteoporosis [4-6].  

It is well known that principal isoflavones in soybeans are genistein, daidzein, and glycitein 

having a chemical structure alike to that of 17-b-oestradiol and mimic estrogenic activity. The 

structural likeness to estradiol, soy isoflavones contribute an affinity towards estrogen 

receptors and produce action like estrogenic or antiestrogenic [7, 8]. Soy isoflavones also can 

display their effect on estrogen-regulated systems including the central nervous, skeletal, 

cardiovascular, and reproductive systems [9]. 

Common studies have focused on good effect of isoflavones during menopause and suggested 

that soy products do not affect to male reproductive system of male. However, rodent studies 

shown that isoflavones can produce negative impact on male reproductive organs and cause 

apoptosis in germ cells lead to reduction in fertility [10].  

Therefore, the present study was planned to evaluate the subacute toxicity of soy isoflavones 

on organ weight and sperm parameters of adult Wistar rats. 

 

2. Materials and Methods 

2.1 Preparation of Soy Ethanolic Extract 
Soy seed sample was collected from a local market. The fine flour was prepared and extraction 
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was done with 80% ethanol (5 mL/g flour) as per the standard 

method [11].  

 

2.2 Quantification of Soy Isoflavones by HPLC  
After extraction, sample was quantified by using high-

performance liquid chromatography (HPLC) and extracted 

soy isoflavones was used for oral dosing in the present 

experiment. 

 

2.3 Experimental Animals and Experimental Design 

The present experiment was conducted on 24 adults male 

Wistar rats weighing around 150-200 gm. After approval 

from Institutional Animal Ethics Committee (IAEC) 

NO.312/04/2000/21, Date: 06/08/2021 the experiment was 

carried out under standard hygienic and good managemental 

conditions as per Committee for the Purpose of Control And 

Supervision of Experiments on Animals (CPCSEA), New 

Delhi guidelines. 24 Male rats were equally divided into three 

groups thus containing 8 animals in each group and all the 

group animals were given adlib soybean-free pelleted diet 

during 28 days of experiment. Group I was served as a control 

group and given normal saline, group II was given soy 

isoflavones (SI) @ 250 mg/kg bwt./day and group III was 

given the soy isoflavones @ 500 mg/kg bwt/day through oral 

gavaging. At the end of the experimental period of 28 days, 

all male animals were sacrificed by administration of 

intraperitoneal injection of thiopentone sodium @ 150 mg/kg 

bwt.  

 

2.4 Relative organ weights 

After detailed necropsy examination of each animals from all 

the groups, liver, kidney, spleen, thymus, testes, epididymis, 

seminal vesicles, and brain were separated out and weighed 

and data was analyzed for relative organ weights. 

 

2.5 Sperm Parameter Evaluation 

To assess sperm parameters a fresh cauda epididymis was 

collected from sacrificed male rat, minced, and finally diluted 

into the prewarmed 1ml 7.2 PH phosphate buffer solution 

(PBS) and kept for 15 minutes at 37 °C. From this fluid total 

sperm count, sperm motility, abnormal sperm count, live and 

dead sperm counts was carried out by using Eosin Y and 

Nigrosin stain as per the standard methodology [12, 13]. 

 

2.6 Statistical analysis 

SPSS (version 22) software was used and data analyzed by 

one-way analysis of variance (ANOVA) for different groups 

followed by Duncan’s test. Collected data calculated and 

values are expressed as mean±SE. For the comparison 

purpose of mean values, p<0.05 is considered as statistically 

significant. 

 

3. Results and Discussion 

3.1 Quantification of Soy Isoflavones  

Soy bean extract sample used for dosing of male animals 

during present experiment revealed presence of isoflavones 

daidzin (244.60 ug/g), genistin (447.47 ug/g), and glycitin 

(52.63 ug/g) by HPLC analysis. Soy isoflavones HPLC 

quantification values of genistin, daidzin and glycitin in the 

present study correlates with the findings of Alnokari et al. [11] 

who used 80% ethanolic and 80% acetonitrile method for 

extraction of soybean seed.  

 

3.2 Effect of soy bean extract on relative organ weights 

After sacrifice of male rat organs were collected, weighed and 

relative organ weights are presented in Table 1. In the present 

experiment liver and thymus weights were significantly 

(p<0.01) decreased in both treatment groups as compared to 

control. The relative weight of adrenal gland was significantly 

(p<0.01) increased in both treatment groups as compared to 

control group. Spleen relative weight was significantly 

(p<0.05) higher in group II as compared to group III and 

group I. Non significantly dose dependent decreased in 

weights of testes and seminal vesicles were observed in the 

group II and group III as compared with the control group (I). 

However, kidneys, brain and epididymis relative weights 

were revealed non-significant differences. 

 
Table 1: Relative organ weights (gm%) in control and treatment 

groups rats at the end of the experiment (28-day) 
 

Organ 
Group I-

(Control) 

Group II – (SI 

@ 250 

mg/kg/day) 

Group III –  

(SI @ 500 

mg/kg/day) 

P-Value 

Liver 4.28±0.22b 3.48±0.16a 3.32±0.10a 0.001 

Kidneys 0.74±0.04 0.70±0.02 0.76±0.03 0.446 

Adrenals 0.03±0.00a 0.04±0.0b 0.05±0.01b 0.006 

Thymus 0.18±0.01b 0.19±0.01b 0.11±0.01a 0.000 

Spleen 0.28±0.01ab 0.32±0.03b 0.23±0.01a 0.010 

Brain 0.49±0.02 0.48±0.04 0.51±0.04 0.863 

Testes 1.06±0.08 1.05±0.07 0.95±0.02 0.353 

Epididymis 0.57±0.04 0.50±0.03 0.51±0.02 0.129 

Seminal 

Vesicles 
0.50±0.07 0.39±0.04 0.35±0.02 0.082 

Values are expressed as mean±SE for the groups; n=8 in each 

group. Mean values in similar row having different superscript 

differ significantly. SE=Standard error, SI=Soy isoflavones. 

 

The finding of significant decrease in relative liver weights 

corroborates the previous findings, wherein female rats were 

supplemented with soy isoflavone at 1000 mg/kg orally for 30 

days which could be due to dysfunction of liver indicated by 

significantly increased liver enzymes [14]. Significantly 

increased relative adrenal weights in the present study is in 

line with earlier subchronic study in rats supplemented with 

genistein @ 500 mg/kg. It may be due to the non-specific type 

of stress to the rats which causing alteration in adrenal 

weights in the treatment group [15]. Contrary to the present 

findings of increase in the relative spleen weight in the 

treatment group II previous workers noticed significant 

decreased spleen weights in pregnant rats after administration 

of soy isoflavones during pregnancy [16] and it could be 

attributed to genistin causing down regulation of spleen T 

cells [17]. Genistein causes apoptosis of thymocytes through 

the estrogen dependent receptors and non-estrogen related 

mechanisms ultimately causing cell loss and decreased 

relative thymus weights [18] which in the agreement with the 

findings of significantly decreased relative thymus weights in 

the present study [19, 20]. However, Nishide et al. [21] noticed 

increased thymic weights after isoflavone supplementation 

immunomodulatory effect of daidzein [22]. Non-significant 

dose dependent decrease in the relative testis and seminal 

weights were observed in the present study. However, 

previous study showed significantly decreased testes weights 
[23] after soy isoflavone supplementation to male rats. Altered 

in the testis’s weighs could be due to estrogenic hormonal 

effect of soy isoflavone genistein [15], loss of germ cells and 

inadequate production of testosterone by Leydig cells [24]. 

Seminal vesicle weights were significantly reduced after 

feeding of 15% genetically modified soya beans for 65 days 

period [25] and oral administration of genistein @ 500mg/kg in 
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rats for 4 weeks period in male rats [15], however relative 

weights of seminal vesicles does not differ significantly but 

numerically decreased in values were noticed. A significantly 

decreased absolute and relative seminal vesicle weights 

observed in previous studies may be due to presence of 

antinutritional components in soy which lead to 

malabsorption of amino acid and phytoestrogenic isoflavones 

activity further declines testosterone levels reducing the 

weights of male reproductive organs [25, 26].  

 

3.3 Effect of soy bean extract on sperm parameters 

The cauda epididymal sperm count, sperm motility and sperm 

abnormalities revealed significant differences in group II and 

group III compared to the group I and showed in Table 2. 

Alterations were observed in total sperm count [Figure 1a], 

sperm motility, and sperm morphology. Cauda epididymal 

sperm count was significantly (p<0.05) decreased in group II 

and group III compared to the group I (189.98±26.94 versus 

167.45±20.63 and 163.15±14.31 X106 for group I, group II 

and group III). The total sperm motility significantly (p<0.05) 

declined in both group II and group III in comparison to 

control (63.81±5.77 versus 58.13±2.25 and 58.25±5.01% for 

group I, group II and group III). Total sperm abnormality 

(13.13±7.88, 22.63±3.50 and 23.25±9.44% for group I, group 

II and group III) and sperm head abnormality (3.25±2.19, 

6.50±1.41 and 7.38±4.63% for group I, group II and group 

III) [Figure 1c and 1d] values significantly (p<0.05) increased 

in group II and group III when compared to group I. Mid-

piece abnormality [Figure 1e] significantly (p<0.05) increased 

in group III (SI 500 mg/kg) treatment group males as 

compared with control group (2.38±1.60 versus5.00±2.07 % 

group I and group III) . Whereas, total viable sperm count and 

tail abnormalities [Figure 1b and1f] showed non-significant 

differences. 

 

 
 

Fig 1: (a) Counting of cauda epididymal sperms over Neubauer chamber. (b) Sperm viability: Arrows showing pink colour-dead sperm and 

colourless-live sperm. (c) Sperm head abnormality-Bent Head (arrow). (d) Sperm head abnormality-Detached Head (arrow). (e) Sperm mid 

piece abnormality- Distal cytoplasmic droplet (arrow), and (f) Sperm tail abnormality-Tail bent proximally and coiled around mid-piece and 

neck in a dead sperm (pink colour). Fig 2(b) to Fig 2(f) stained with eosin-nigrosine stain. 

 
Table 2: Sperm parameters in control and treatment groups at the end of experiment (28-day) 

 

Parameter Group I-(Control) 
Group II – (SI @ 

250 mg/kg/day) 

Group III – (SI @ 

500 mg/kg/day) 
P-Value 

Cauda epididymal sperm count (X106) 189.98±9.52b 167.45±7.30a 163.15±5.06a 0.043 

Sperm motility % 63.81±2.04b 58.13±0.79a 58.25±1.77a 0.034 

Total viable sperm count % 90.56±1.95 85.44±2.20 82.88±2.25 0.055 

Head abnormality % 3.25±0.77a 6.50±0.50b 7.38±1.64b 0.033 

Mid-piece abnormality % 2.38±0.56a 3.63±0.53ab 5.00±0.73b 0.023 

Tail abnormality % 7.50±1.90 12.50±0.94 10.88±1.39 0.070 

Total sperm abnormality % 13.13±2.79a 22.63±1.24b 23.25±3.34b 0.020 

Values are expressed as mean±SE for the groups; n=8 in each group. Mean values in similar row having different superscript 

differ significantly. SE=Standard error, SI=Soy isoflavones. 

 

Sperm count reduction after estrogen exposure in rodents [27, 

28], 15% genetically modified soya beans administration for 65 

days period in rats [25] and soy isoflavones administered in 

rodent animals [10, 23] correlates with significant declined cauda 

epididymal sperm count in our present study. However, 

studies conducted on rat and rabbit revealed no effect on 

epididymal sperm count after soy isoflavone administration 

are not in agreement with present study findings [29, 30].  

Significantly decreased sperm count and sperm motility [33, 34] 

could be attributed to increased estrogen levels and decreased 

Zn levels in the epididymis after soy isoflavones 

administration [29]. Moreover, genistein inhibits tyrosine 

phosphorylation of sperm tail protein and affects capacitation 

and sperm activity [31] as protein phosphorylation and 
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dephosphorylation which is important for sperm capacitation 

in rodents [32]. Contrary to our present observations, previous 

study on genistein reveals no effects on sperm motility 

parameters [35]. 

Present study revealed significantly elevated head and mid 

piece sperm abnormalities, it might be due to decrease 

testosterone level affecting spermatogenesis and every stage 

of the sperm cycle in male. Studies of high phytoestrogen diet 

showed pre and post meiotic apoptosis germ cells of 

seminiferous epithelium [36] and alterations in FSH and LH 

levels [37]. The decreased testosterone concentration in testes 

causes effect on expression of androgen depended on junction 

proteins between Sertoli cells and germinal cells [36] as 

genistein and daidzein both can regulate the Leydig cells [38, 

39]. However, present study results are not in agreement with a 

study conducted on rabbits which were exposed to the 40% 

soy isoflavones [30].  

 

Conclusion 

Soy bean contains isoflavones and administration of extract 

@ 250mg/kg and 500mg/kg dose levels in male animals 

causes decrease in organ weights and phytoestrogenic action 

on testes leads to sperm abnormalities and reduction in sperm 

count. 
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