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Objective: This study investigated testicular oxidative stress status and physiomorphological function in Wistar rats fed with yaji and cadmium 
chloride (CdCl2). 
Methods: Sixty male albino Wistar rats (12 per group) were randomly assigned to five groups: group I (control), group II (300 mg/kg.bw of yaji), 
group III (500 mg/kg.bw of yaji), group IV (2.5 mg/kg.bw of CdCl2), and group V (2.5 mg/kg.bw of yaji+4 mg/kg.bw omega-3). Each group was 
evenly subdivided into two subgroups and treatment was administered for 14 days and 42 days, respectively. Semen quality (sperm count, 
progressive motility, normal morphology, and gonadosomatic index), hormones (testosterone, follicle-stimulating hormone, and luteinizing 
hormone), testicular oxidative stress markers (superoxide dismutase, catalase, glutathione peroxidase, and malonaldehyde) and testicular his-
tomorphological features were examined. 
Results: Yaji caused significant (p < 0.05) dose- and duration-dependent reductions in semen quality, the gonadosomatic index, testosterone, 
follicle-stimulating hormone, and luteinizing hormone. Yaji also caused significant (p < 0.05) dose- and duration-dependent decreases in su-
peroxide dismutase, catalase, and glutathione peroxidase activity, as well as increased testicular malonaldehyde levels. Yaji induced distortions 
in the testicular histological architecture. CdCl2 damaged testicular function by significantly (p < 0.05) reducing semen quality, reproductive 
hormone levels, and oxidative stress markers in albino Wistar rats. CdCl2 also altered the histology of the testis.  
Conclusion: This study shows that yaji sauce has similar anti-fertility effects to those of CdCl2, as it adversely interferes with male reproduction 
by impairing oxidative stress markers and the function and morphological features of the testis. 
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Introduction

Fertility issues are a major global health concern, and infertility is 
defined by the World Health Organization as a “disease of human re-
production, and it is defined by the inability to achieve clinical preg-
nancy after 12 months or more of unprotected and regular sexual in-
tercourse” [1]. Infertility poses a significant public health challenge in 
Nigeria and many other developing countries because of its high prev-
alence and serious social complications for affected couples and fam-
ilies. In some parts of sub-Saharan Africa, including Nigeria, Sudan, 
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and Cameroon, the infertility rate may exceed 30% [2,3]. In south-
eastern Nigeria, previous studies have demonstrated 65% and 35% 
prevalence rates for primary and secondary infertility, respectively [4]. 

 Male-related factors contribute to more than 30% of fertility prob-
lems [5]. Several factors are known to interfere with fertility, including 
drug treatment [6], environmental toxins, air pollution [7], and stress 
[8]; however, approximately 50% of male infertility cases are attribut-
ed to idiopathic causes [9]. Nonetheless, a possible etiology for this 
pathological situation may be an increase in oxidative stress (OS). In 
recent years, OS has attracted major interest for its potential role in 
the physiopathology of male fertility and testicular function [10]. Ele-
vation of OS results from a disparity between the generation of OS 
markers and the antioxidant defense system [11]. 

Despite ongoing debates about the benefits and health risks of ad-
ditives [12,13], along with their known hazardous effects [14], food 
additives still remains a major constituent of dietary consumption in 
Nigeria. Suya, a meat product, is served with yaji, a complex mixture 
of various spices and additives including cloves, red pepper, ginger, 
black pepper, salt, monosodium glutamate, and groundnut cake pow-
der [15]. These spices and additives contain phytochemical constitu-
ents such as eugenol [16], capsaicin [17], gingerol and zingiberol [18], 
and piperine [19]. The high rate of consumption and the chemical 
complexity of yaji [20] have raised concerns over the years about its 
indiscriminate and unregulated pattern of ingestion [21].

Omega-3 fatty acids are a class of polyunsaturated fatty acids that 
cannot be synthesized in vivo, and are therefore considered to be es-
sential [22]. Studies have proven that omega-3 fatty acids exert pow-
erful protective effects on the male reproductive system of rats ex-
posed to toxic substances [23] through their antioxidant and anti-in-
flammatory properties [24,25].

Cadmium chloride (CdCl2) is a salt of a heavy metal that is a potent 
carcinogen in rats [26] and humans [27]. It has previously been es-
tablished that the liver, gonads, and kidney are target sites for cadmi-
um toxicity in mammals [28-31]. Furthermore, CdCl2 has been report-
ed to exert toxic effects on selected tissues via the production of re-
active oxygen species and by inhibiting cell proliferation and DNA 
replication [30], but data on gonadotoxicity are scarce.

The available scientific data show that a disproportionately high 
consumption of yaji is capable of inducing kidney [32], pancreatic 
[33], liver [34], brain tissue [21,35], and heart [36] damage; therefore, 
it is necessary to investigate its effects on other vital organs, such as 
the testes, to clarify its role in male fertility. On this basis, the present 
study was designed to assess changes in the reproductive function 
and testicular OS status of albino Wistar rats following acute and sub-
chronic oral ingestion of yaji.

Methods

1. Animals and experimental design
Sixty albino Wistar rats of reproductive age (10 to 12 weeks old) 

weighing around 180–220 g were obtained from the Animal House, 
College of Medical Sciences, Edo University Iyamho. The animals were 
acclimatized within a 2-week period to become accustomed to the 
environmental conditions of the laboratory. During the experiment, 
all the animals were treated according to the standard procedures 
laid down by Organization for Economic Co-operation and Develop-
ment guidelines. 

Animals were randomly divided into five groups of 12 rats each. In 
group I (control group), each rat was given distilled water. In group II, 
the rats were orally treated with yaji (300 mg/kg.bw per day), and in 
group III, the rats were orally treated with yaji (500 mg/kg.bw per day). 
In group IV, the rats were orally treated with CdCl2 (2.5 mg/kg.bw per 
day). Finally in group V, the rats were orally treated with yaji (500 mg/
kg.bw per day) and omega-3 (4 mg/kg.bw per day). Each group was 
divided into two subgroups, in which treatments were administered 
orally for 14 days and 42 days, corresponding to acute and subchron-
ic administration, respectively.

2. Ethical approval and consent to participate
This study (RBC/FBMS/DELSU/14/09) was approved by the Research 

and Bio-Ethics Committee of the Faculty of Basic Medical Science, Del-
ta State University, Abraka, Nigeria. The procedures of animal handling 
adhered to the ethical principles outlined in the Declaration of Hel-
sinki.

3. Agents for administration
1) Yaji (suya) 

Dried yaji sauce was purchased daily from the General Market in 
Auchi, Edo State, Nigeria. Specific concentrations of yaji sauce were 
mixed with the rat feed. The selected doses were 300 mg/kg.bw and 
500 mg/kg.bw, and were prepared according to procedures described 
in the previous literature [15].

2) Omega-3 fatty acid
An omega-3 fatty acid in gelatin capsules was purchased from the 

local chemist’s shop in Auchi, Nigeria. 

3) Cadmium chloride
CdCl2 and Tween 20 used for this study were purchased from Sig-

ma-Aldrich (St. Louis, MO, USA). All other reagents were of analytical 
grade.
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4. Samples collection and analysis
At the end of the experiment, the animals were sacrificed by cervi-

cal dislocation and were quickly dissected to remove the testes. After 
removal, the right testes were placed immediately into a container 
containing Bouin’s fluid for subsequent histological processing of the 
testicular tissues. The left testes were measured for weight and vol-
ume, and subsequently homogenized to obtain tissue OS markers. 
Blood samples were taken via cardiac puncture into plain tubes and 
centrifuged at 3,600 rpm for 15 minutes. Serum samples were imme-
diately collected and used for hormonal analysis.

5. Semen quality measurements
The cauda epididymis of each rat was excised and seminal fluid was 

milked onto a glass slide for measurements of forward sperm motili-
ty, sperm count, and sperm morphology.

1) Sperm motility 
To assess the percentage of progressive sperm motility, the method 

described by Zemjanis [37] was used. A drop of semen was placed on 
a glass slide, after which 2.9% sodium citrate was added. This was cov-
ered with another glass slip, and then fields were viewed under light 
microscopy to assess the proportions of motile and non-motile sper-
matozoa.

2) Sperm count 
The number of spermatozoa was estimated with the use of a hemo-

cytometer. The cauda epididymis was minced in normal saline and 
then filtered, after which an aliquot of 10 μL was placed on the he-
mocytometer. An improved Neubauer chamber (Deep 1/10 m, LAB-
ART; Munich, Germany) was used for the count, under a light micro-
scope. The sperm count was carried out according to a previously de-
scribed method [38].

3) Sperm morphology
Sperm morphology was analyzed by staining a drop of semen sus-

pension with Papanicolaou stain, which was then smeared on a glass 
slide. The smear was allowed to dry under sunlight and subsequently 
examined using a light microscope at × 100 magnification. The per-
centage of normal sperm morphology was determined using a pro-
tocol from the previous literature [39].

6. Histomorphometric analysis
The testes of each rat were fixed in Bouin’s fluid, passed through an 

ascending series of ethanol grades and then through xylene, after 
which they were embedded in paraffin wax. The tissues were sectioned 
at an appropriate thickness for hematoxylin and eosin and mounted. 
All sections were examined under light microscopy at × 100 magni-

fication. Photomicrographs were taken for tissue observations and 
histopathological lesions were documented.

7. Gonadosomatic index
Measurements of the body weight and the testicular weight of each 

Wistar rat were made using a weighing balance. The mean testicular 
and body weights of the rats were used to derive the gonadosomatic 
index for each rat using the formula: gonadosomatic index (ơ) =  
testicular weight/body weight × 100 [40].

8. Hormonal assays
Serum follicle-stimulating hormone (FSH), luteinizing hormone (LH), 

and testosterone levels were ascertained using radio-immunoassay 
kits (Fortress Diagnostics, Antrim, UK). To maintain proper experimen-
tal standards of these hormones, the normal plasma concentration 
ranges were first established, and animals with levels outside these 
limits were excluded. Furthermore, to prevent variation in plasma 
concentrations of the hormones, all the rats were handled in a similar 
fashion. 

9. Preparation of the tissue homogenate
Testis homogenate was prepared using 1.17% KCl in an ice-cold 

phosphate buffer with a pH 7.4 and a concentration of 0.1 M for the 
preparation of a 10% homogenate solution of each testis sample. To 
estimate the lipid peroxidation levels, part of this homogenate was 
utilized and the remaining solution was centrifuged at 10,000 rpm 
for 10 minutes at a temperature of 40°C. The supernatant was de-
canted and used for the antioxidant enzymatic assays (superoxide 
dismutase, catalase, and glutathione peroxidase).

1) Lipid peroxidation
An assay was done to quantify testicular malondialdehyde (MDA) 

levels. To every 1 mL of homogenate, 10% trichloroacetic acid (1 mL) 
was added, followed by an incubation period of 10 minutes at room 
temperature. The mixture of solutions was later centrifuged for an-
other 15 minutes at 2,500 rpm at 37°C. Furthermore, 1 mL of the su-
pernatant was then added to 1 mL of 0.67% thiobarbituric acid and 
left for 20 minutes in a hot water bath. Later, these test tubes were 
kept under running water to cool them. Subsequently, distilled water 
(1 mL) and 5 mL of n-butanol:pyridine were added to the tubes, fol-
lowed by another centrifugation. The butanol layer in the superna-
tant was separated and absorbance readings were subsequently tak-
en at 320 nm. The units of the results were represented in nanomoles 
of MDA formed per milligram of protein [41].

2) Superoxide dismutase enzyme assay
To determine the superoxide dismutase activity in testes, the pyro-
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gallol autoxidation procedure was followed. A supernatant of 0.5 mL 
was obtained from the tissue homogenate, and was mixed with 250 
μL of absolute ethanol and 150 μL of chloroform. Subsequently, the 
tubes were kept in a mixer for 15 minutes, followed by centrifuga-
tion. Then, 2 mL of 0.1 M Tris HCl with a pH of 8.2 was mixed into the 
0.5-mL supernatant, along with 1 mL of distilled water and 0.5 mL of 
pyrogallol solution. With a time interval of 1 minute between each 
reading, the absorbance was read at 420 nm for 3 minutes. The re-
sults for enzymatic activity were expressed as U/mg protein [42].

3) Catalase activity
The assay was carried out based on the principles described by Sinha 

[43]. A solution of 0.4 mL of distilled water with 1 mL of 0.01 M phos-
phate buffer at a pH of 7.0 was mixed, followed by the addition of  
0.5 mL of H2O2 (0.2 M). The mixed solution was then incubated at 
37°C for 1 minute. Potassium dichromate with a volume of 2 mL was 
used as the stopping reagent for the reaction. The tubes were then 
placed for 15 minutes in a hot water bath. The results for enzymatic 
activity were expressed as U/mg protein.

4) Action of glutathione peroxidase
To estimate testicular glutathione peroxidase activity, 0.4 mL of a  

0.4 M phosphate buffer with a pH of 7.0 was mixed with 4 mM gluta-
thione (0.2 mL), 2.5 mM H2O2 (0.1 mL), distilled water (0.2 mL) and  
10 mM sodium azide (0.1 mL); this was added to 0.1 mL of the super-
natant solution. After incubating this solution for 10 minutes at 37°C, 
10% trichloroacetic acid (0.5 mL) was added. After another incubation 
period for a 30 minutes, the mixture was centrifuged for 10 minutes 
at 1,500 rpm. The supernatant obtained was then separated and mixed 

with Ellman’s reagent (DTNB, 0.5 mL) and 0.3 M Na2HPO4 (4 mL). The 
absorbance readings were taken at 412 nm at a time interval of 1 min-
ute to 3 minutes [44].

10. Statistical analysis
Statistical analysis was done using one-way analysis of variance 

along with the least significant difference test as a post hoc test, since 
the data of all groups were normally distributed. The data were repre-
sented in the format of mean ± standard error of the mean. A p-value 
< 0.05 was considered to indicate statistical significance. The statisti-
cal analysis was carried out using GraphPad ver. 6.03 (GraphPad Soft-
ware, San Diego, CA, USA).

Results 

Table 1 shows the effects of graded concentrations of yaji and CdCl2 
on sperm count, the progressive motility of sperm, sperm morpholo-
gy, and the gonadosomatic index of Wistar rats. The data indicate that 
yaji caused a dose-dependent decrease in semen quality parameters 
and the gonadosomatic index. The decrease in sperm count and per-
centage of sperm with normal morphology were statistically signifi-
cant (p < 0.05) following 21 days of yaji treatment when compared to 
the control group, while 42 days of yaji treatment caused significant 
(p < 0.05) diminutions in sperm count, the progressive motility of 
sperm, the percentage of sperm with normal morphology, and the 
gonadosomatic index. CdCl2 was observed to significantly (p < 0.05) 
decrease the semen quality parameters and gonadosomatic index 
when compared to the control group and rats treated with yaji sauce. 
Non-significant differences were observed in sperm count and the 

Table 1. Effects of yaji on sperm count, progressive sperm motility, normal sperm morphology, and gonadosomatic index of rats

Variable Control 300 mg/kg.bw yaji 500 mg/kg.bw yaji CdCl2
500 mg/kg.bw yaji+ 

4 mg/kg.bw omega-3

Sperm count ( × 106 cells/mm3)
   21 Days 46.00 ± 5.67 32.00 ± 5.13a,b)  26.80 ± 3.10a,b) 19.60 ± 2.30a) 34.00 ± 3.55b)

   42 Days 52.00 ± 6.33 27.00 ± 5.32a,b) 24.00 ± 2.69a) 15.00 ± 6.34a) 30.00 ± 6.03b)

Progressive motility (%)
   21 Days  68.5 ± 3.16 55.74 ± 8.22b) 42.00 ± 7.31b) 23.67 ± 2.58a) 45.50 ± 6.40b)

   42 Days 71.00 ± 2.93  48.42 ± 4.03a,b)  35.55 ± 4.77a,b) 17.67 ± 3.34a,c)   43.60 ± 10.69a,b)

Normal morphology (%)
   21 Days 72.00 ± 11.77 68.67 ± 8.48b) 45.00 ± 8.41a) 41.25 ± 7.46a) 64.67 ± 4.67b)

   42 Days  72.8 ± 10.84 66.77 ± 9.31b)  38.57 ± 6.09a,c) 37.00 ± 7.74a) 62.00 ± 3.48b)

Gonadosomatic index
   21 Days 0.88 ± 0.03 0.82 ± 0.02b) 0.74 ± 0.02b)  0.41 ± 0.05a) 0.77 ± 0.02b)

   42 Days 0.91 ± 0.01 0.84 ± 0.03b)   0.68 ± 0.02a,b)  0.45 ± 0.05a) 0.80 ± 0.01b)

Values are presented as mean ± standard error of the mean (n = 6). 
CdCl2, cadmium chloride.
a)p < 0.05 when compared with the control group; b)p < 0.05 when compared with the group treated with CdCl2; c)p < 0.05 when compared with the group 
treated with yaji for 21 days.
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percentage of sperm with normal morphology in rats treated with 
500 mg/kg.bw of yaji when compared to those treated with CdCl2 af-
ter 21 days. Co-administration of 4 mg/kg.bw of omega-3 and 500 
mg/kg.bw of yaji caused a general and significant (p < 0.05) improve-
ment in all the sperm parameters (sperm motility, count, and mor-
phology) and gonadosomatic index when compared to the CdCl2 
group, but a non-significant reduction was observed in sperm motili-
ty, count, and morphology when compared to the control. Yaji sauce 
also caused a duration-dependent decrease in semen quality param-
eters and the gonadosomatic index; these decreases were not signifi-
cant, except that 42 days of treatment with 500 mg/kg.bw of yaji 
caused a significant (p < 0.05) decrease in the percentage of sperm 
with normal morphology when compared to rats that received 21 days 
of treatment with 500 mg/kg.bw of yaji. 

Table 2 shows the effect of yaji and CdCl2 on serum concentrations 
of testosterone, FSH, and LH. Yaji caused a dose-dependent decrease 
in serum testosterone levels with a maximal effect observed over a 
longer duration of administration. Yaji significantly (p < 0.05) reduced 
testosterone levels in a dose-dependent manner following 45 days 
of administration, and this decrease was also significant (p < 0.05) 
when compared with the testosterone level of rats treated with yaji 
for 21 days. Yaji caused minimal effects on the FSH and LH level fol-
lowing 21 days of treatment, but caused a significant (p < 0.05) and 
dose-dependent decrease in serum gonadotropins after 42 days of 
treatment. CdCl2 significantly (p < 0.05) decreased serum concentra-
tions of testosterone, FSH, and LH when compared to the control and 
yaji groups. The reduction in testosterone caused by CdCl2 was not 
significantly different (p < 0.05) from that observed in rats treated 
with 500 mg/kg.bw of yaji for 42 days. Similarly, CdCl2 also caused 
significant (p < 0.05) reductions in FSH and LH when compared to 
yaji-treated rats. The decreases in testosterone, FSH, and LH levels 
caused by CdCl2 were duration-dependent, as significant (p < 0.05) 

reductions in the hormone concentrations were observed in rats treat-
ed with CdCl2 for 42 days when compared with rats treated for 21 days. 
Omega-3 co-administration with 500 mg/kg.bw of yaji was observed 
to cause ameliorating effects, as shown by improved testosterone, 
FSH, and LH serum levels, which were significantly (p < 0.05) higher 
than in rats treated with CdCl2.

Table 3 shows the effects of yaji and CdCl2 on testicular superoxide 
dismutase, catalase, glutathione peroxidase, and malonaldehyde. Yaji 
caused dose- and duration-dependent decreases in superoxide dis-
mutase, catalase, and glutathione peroxidase activity. The decrease 
in superoxide dismutase activity in rats treated with 500 mg/kg.bw 
of yaji was significant (p < 0.05) when compared to the control group. 
The administration of 500 mg/kg.bw of yaji for 42 days caused a sig-
nificant (p < 0.05) decrease in superoxide dismutase activity when 
compared to rats treated for 21 days. Yaji accelerated testicular lipid 
peroxidation, as a dose-dependent increase in testicular malonalde-
hyde levels was observed, with significant (p < 0.05) increases in rats 
treated with 500 mg/kg.bw of yaji. The administration of 500 mg/kg.bw 
of yaji for 42 days caused a significant (p < 0.05) increase in malonal-
dehyde levels when compared to rats treated for 21 days. CdCl2 sig-
nificantly (p < 0.05) decreased superoxide dismutase, catalase, and 
glutathione peroxide activity in the testes. It caused significant (p <  
0.05) increases in malonaldehyde levels in the testes. The observed 
changes in OS markers following CdCl2 administration were duration-
dependent. The CdCl2-induced decreases in superoxide dismutase 
and glutathione peroxidase activity in rats treated for 42 days were 
significant (p < 0.05) in comparison to rats treated for 21 days. The 
omega-3 fatty acid augmented the effects of testicular antioxidants 
by increasing superoxide dismutase, catalase, and glutathione per-
oxidase activity. It also attenuated lipid peroxidation in the testes, as 
shown by decreased malonaldehyde levels. Prolonged administra-
tion of the omega-3 fatty acid caused significant (p < 0.05) changes 

Table 2. Effects of yaji on testosterone, follicle-stimulating hormone, and luteinizing hormone levels in rats

Variable Control 300 mg/kg.bw yaji 500 mg/kg.bw yaji CdCl2
500 mg/kg.bw yaji+

4 mg/kg.bw omega-3

Testosterone (ng/mL)
   21 Days 6.70 ± 0.10 5.40 ± 0.10 4.20 ± 0.11a) 2.80 ± 0.08a) 3.80 ± 0.22a)

   42 Days 6.80 ± 0.05 3.25 ± 0.03a,b,c)  1.02 ± 0.11a,c)  0.70 ± 0.04a,c) 4.41 ± 0.20b)

Follicle-stimulating hormone (mIU/L)
   21 Days 8.11 ± 0.30 8.23 ± 1.03b) 7.86 ± 1.25b) 1.71 ± 0.10a) 8.02 ± 1.43b)

   42 Days 9.14 ± 1.24 7.64 ± 0.46b) 7.55 ± 1.16b)   0.93 ± 0.40a,c) 8.66 ± 1.77b)

Luteinizing hormone (mIU/L)
   21 Days   11.6 ± 1.19 11.03 ± 1.52b) 10.67 ± 1.77b) 2.60 ± 0.08a) 10.43 ± 1.93b)

   42 Days 10.76 ± 0.47 10.00 ± 1.14b)   8.67 ± 1.04b)   1.42 ± 0.10a,c)   9.11 ± 2.00b)

Values are presented as mean ± standard error of the mean (n = 6). 
CdCl2, cadmium chloride.
a)p < 0.05 when compared with the control group; b)p < 0.05 when compared with the group treated with CdCl2; c)p < 0.05 when compared with the group 
treated with yaji for 42 days.
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in testicular superoxide dismutase activity and malonaldehyde levels.
As shown in Figures 1 and 2, the histological tissues of the control 

group (Figures 1A and 2A ) showed normal features of the seminifer-
ous tubules and interstitial Leydig cells. Similarly, the histoarchitec-

Table 3. Effects of yaji on testicular superoxide dismutase, catalase, and glutathione peroxidase activity, and malonaldehyde levels in rats

Variable Control 300 mg/kg.bw yaji 500 mg/kg.bw yaji CdCl2
500 mg/kg.bw yaji+

4 mg/kg.bw omega-3

Superoxide dismutase (U/mg protein)
   21 Days 15.07 ± 0.20 11.07 ± 0.20a) 10.74 ± 0.31a) 7.00 ± 0.14a) 8.70 ± 0.15a)

   42 Days 16.03 ± 0.14 11.45 ± 0.20b) 8.70 ± 0.25a,c) 5.30 ± 0.10a,c) 10.00 ± 0.20b)

Catalase (U/mg protein)
   21 Days 13.00 ± 0.24 11.14 ± 0.12 9.68 ± 0.05 7.70 ± 0.14a) 8.13 ± 0.66
   42 Days  9.03 ± 0.11  9.12 ± 0.23 8.50 ± 0.12 6.80 ± 0.10a) 9.62 ± 0.11
Glutathione peroxidase (μmol/g)
   21 Days 34.64 ± 2.17 27.45 ± 4.01 24.78 ± 1.65 25.10 ± 1.78 30.10 ± 3.58
   42 Days 37.06 ± 2.41 24.27 ± 3.11 21.33 ± 3.27  18.67 ± 1.08a,c) 28.16 ± 2.21
Malonaldehyde (nmol/mg)
    21 Days 1.92 ± 0.06 2.64 ± 0.04a) 2.86 ± 0.18a) 4.10 ± 0.16a) 2.12 ± 0.07
    42 Days 1.47 ± 0.05 2.73 ± 0.15a) 3.61 ± 0.11a) 4.63 ± 0.15a) 1.96 ± 0.13b,c)

Values are presented as mean ± standard error of the mean (n = 6). 
CdCl2, cadmium chloride.
a)p < 0.05 when compared with the control group; b)p < 0.05 when compared with the group treated with CdCl2; c)p < 0.05 when compared with the group 
treated with yaji for 42 days.

Figure 1. The histology of Wistar rat testis 
(H&E, × 100) treated with 300 mg/kg.bw 
and 500 mg/kg.bw of yaji for 21 days. (A) 
Control rats. (B) Rats treated with 300 mg/
kg. bw of yaji. (C) Rats treated with 500 mg/
kg. bw of yaji. (D) Rats treated with cadmium 
chloride. (E) Rats treated with 4 mg/kg.bw of 
omega-3 and 500 mg/kg.bw of yaji.

A

D

CB

E
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ture of the testis in rats treated with 300 mg/kg.bw of yaji for 21 days 
(Figure 1B) appeared to be normal, but the testis of rats treated with 
a similar dose for 42 days (Figure 2B) showed the presence of vascu-
lar congestion. It was also observed that 500 mg/kg.bw of yaji caused 
degeneration of the seminiferous tubules and germinal epithelium 
following treatment for 21 days (Figure 1C), and the tissue deteriora-
tion had progressed further after 45 days of treatment (Figure 2C). 
CdCl2 treatment for 21 days (Figure 1D) caused necrotic changes in 
the seminiferous tubules and edematous formations in the intersti-
tial cells. Prolonged CdCl2 treatment (Figure 2D) caused further tes-
ticular assault, with the presence of atrophied seminiferous tubules 
and interstitial fibrosis. The testes of rats co-administered 4 mg/kg.
bw of the omega-3 fatty acid and 500 mg/kg.bw of yaji (Figures 1E 
and 2E) showed similar histomorphological features to those of the 
control, as shown by an ameliorated condition of the seminiferous 
tubules and improvements in the integrity of interstitial cells.

Discussion

This study was undertaken to investigate the effects of yaji on re-

productive function in adult male rats. The present study showed that 
yaji had negative effects on the sperm count, progressive motility, 
percentage of sperm with normal morphology, and the gonadoso-
matic index, with significant (p < 0.05) changes in rats treated for 21 
days and 42 days. This finding supports the findings of previous stud-
ies that yaji sauce has the potential to reduce reproductive capacity 
and has negative consequences for spermatogenesis and sperm mat-
uration, as well as the histological features of the male reproduction 
organs [45]. The effect of yaji is as a result of piperine, one of its con-
stituents that has been implicated in DNA damage [46], germ cell and 
seminiferous tubule damage [47], spermatogenic arrest [48], and the 
impairment of reproductive function, induction of OS, and triggering 
of apoptosis [49]. A previous study has associated monosodium glu-
tamate from white maggi (Ajinomoto, one of the constituents of yaji)  
with oligozoospermia and increased abnormal sperm morphology 
[50]. Furthermore, it has been demonstrated that clove oil and euge-
nol have spermicidal effects [51,52]. In another study, it was ob-
served that rats treated with ethanolic extract of cloves had fewer 
sperm than control animals [53]. Similarly, it has been established 
that high doses of clove extract are toxic to spermatogenesis [54].

Figure 2. The histology of Wistar rat testis 
(H&E, × 100) treated with 300 mg/kg.bw 
and 500 mg/kg.bw of yaji for 42 days. (A) 
Control rats. (B) Rats treated with 300 mg/
kg. bw of yaji. (C) Rats treated with 500 mg/
kg. bw of yaji. (D) Rats treated with cadmium 
chloride. (E)  Rats treated with 4 mg/kg.bw 
of an omega-3 fatty acid and 500 mg/kg.bw 
of yaji.

A

D
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Sperm deficiency induced by OS is a major idiopathic factor that af-
fects male fertility [55]. The present study proved that yaji has detri-
mental effects on male reproductive function by increasing the amount 
of reactive oxygen species in the testes of albino Wistar rats. The semi-
nal plasma is well endowed with an array of antioxidants, such as su-
peroxide dismutase, catalase, and glutathione peroxide. These anti-
oxidants protect spermatozoa against OS [56]. Yaji was able to induce 
an imbalance in the pro-oxidant and antioxidant system, with signifi-
cant (p <0.05) reductions in testicular superoxide dismutase, catalase, 
and glutathione peroxide activity. This adversely affected the sper-
matogenic function of the testis, as in previous studies where signifi-
cant declines in superoxide dismutase activity in oligoasthenozoo-
spermia were recorded [57,58]. Our findings of a decrease in testicu-
lar catalase activity are in accordance with a study where seminal 
catalase was observed to decrease in infertile men [59]. Similarly in 
another study, the activities of seminal plasma superoxide dismutase 
and catalase were significantly lower in asthenozoospermic, oligo-
zoospermic, and teratozoospermic patients than in fertile controls, 
while MDA concentrations were higher in the infertile subjects [60]. 
The data of this study also showed a significant (p < 0.05) increase in 
MDA levels following treatment with 500 mg/kg of yaji for 42 days, 
which shows that high doses of the suya sauce can cause increased 
lipid peroxidation in testicular tissues. Previous research reported sig-
nificantly higher MDA levels in teratozoospermic and asthenozoo-
spermic individuals than in morphologically and progressively motile 
normal individuals, respectively [61].

The histological findings of the present study revealed that higher 
doses of yaji damaged the seminiferous tubules, reduced the num-
ber of viable sperm and Leydig cells, and destroyed the structural ar-
rangement of the sperm and Leydig cells. This corroborates previous 
findings that changes in the structural integrity of testes in monoso-
dium glutamate-treated rats were found to show a dosage- and du-
ration-dependent relationship with damage observed in conditions 
of acute treatment [50]; however, another study reported severe dam-
age after long-term treatment [62]. The above facts therefore suggest 
that monosodium glutamate in yaji may be a major contributor to 
the severe destruction of the arrangement of the testicular architec-
ture observed in the present study. 

The noticeable adverse histological changes in the seminiferous tu-
bules agree with earlier findings that the seminiferous tubules in pip-
erine-treated rats regressed, showing heavy loss of germinal elements, 
particularly elongating and mature spermatids [48]. Black pepper 
contains piperine, which has been identified as cytotoxic; this toxicity 
is heightened by the presence of tocopherol, suggesting a mechanism 
of lipid peroxidation [63]. Furthermore, piperine has been implicated 
in DNA damage [46], germ cell and seminiferous tubule damage [48]; 
spermatogenic arrest [47], and the impairment of reproductive func-

tion, induction of OS, and triggering of apoptosis [49].
The histological findings of the present study can be further explained 

in terms of the mean values of the gonadosomatic index in the test 
groups of rats administered varying doses of yaji. The gonadosomatic 
index is used to measure the sexual maturity of animals in relation to 
testicular development [64]. Although no significant differences were 
observed in the gonadosomatic index between the experimental 
groups and the control group, or within the experimental groups them-
selves, we observed a decline in the gonadosomatic index with in-
creasing dosages of yaji from groups B to D. This dose-dependent ef-
fect of yaji on the gonadosomatic index of the experimental groups 
suggests that the testicular development—and hence, the sexual 
maturity of young rats—may decline with increasing dosage of yaji.

The results of this study also showed adverse effects of yaji on tes-
tosterone, FSH, and LH. Yaji significantly (p < 0.05) decreased the se-
rum levels of testosterone, LH, and FSH. The decrease in serum tes-
tosterone concentrations observed in this study following yaji sauce 
treatment is attributed to disruption of the histoarchitecture of the 
interstitial Leydig cells. Testosterone is secreted by the interstitial cells 
of Leydig cells in the testes, but only when they are stimulated by LH 
from the anterior pituitary gland. LH and FSH production was inhibit-
ed in a dose- and duration-dependent manner. The inhibition of FSH 
and LH is related to the neurotoxic effect of yaji on the central ner-
vous system, which can inhibit neural stimuli essential for the release 
of pituitary gonadotropins [65-67], leading to a decrease in the levels 
of pituitary gonadotropins essential for initiating and completing 
spermatogenesis and steroidogenesis in the testis [68].

Furthermore, testosterone plays a major role in spermatogenesis 
by being the main hormone responsible for spermatogonium con-
version and spermatid formation. Therefore, decreased testosterone 
levels lead to sterility in males. The decrease in the sperm count ob-
served in this study likely resulted from the decrease in testosterone 
levels. The findings of this study are in accordance with those of pre-
vious studies, in which it was established that piperine in yaji decreased 
serum testosterone and sperm counts in mature male Wistar rats [48].

Omega-3 fatty acid treatment resulted in improvements in the lev-
els of the reproductive hormones of the yaji-exposed rats. Thus, ome-
ga-3 fatty acids have a positive effect on the hormones controlling 
reproduction. This finding is in agreement with Goyal et al. [69], who 
showed that serum testosterone concentrations and LH concentra-
tions were increased by the addition of omega-3 fatty acids to the 
diet of male rabbits. Similarly, Motahareh et al. [70] demonstrated an 
increase in the number of Leydig cells, repairs of their structure, and 
a significant increase in testosterone levels of animals receiving ome-
ga-3 fatty acids. The mechanism underlying these affects is thought 
to be linked to the antioxidant properties of omega-3 fatty acids [71]. 
Therefore, it is plausible to argue that the omega-3 fatty acid used in 
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this study exerted an ameliorating effect on the yaji-induced impair-
ment of testicular function. This amelioration could be partly mediat-
ed by the potential of omega-3 fatty acids to counteract OS in rat re-
productive organs via their antioxidant properties.

CdCl2 was observed to decrease the sperm count, progressive mo-
tility, the percentage of sperm with normal morphology, and gonad-
osomatic index to a significant extent (p < 0.05) when compared to 
control rats and rats treated with 300 mg/kg of yaji. This is similar to 
recent findings that CdCl2 adversely affected the semen quality of 
Wistar rats. CdCl2 induced degenerative changes in the testes of the 
animals [72,73]. Our results are in agreement with those of several 
other studies that showed that cadmium exerted negative effects on 
testicular tissues, thereby contributing to male infertility via reductions 
in sperm quality in humans and rats [74-76]. The serum concentra-
tions of testosterone, FSH, and LH were also significantly (p < 0.05) 
lower than those of control rats and rats treated with 300 mg/kg of 
yaji. This result corroborates the findings of other reports that cadmi-
um caused spermatotoxicity, either by disrupting the hypothalamic-
pituitary axis, or by exerting a direct effect on spermatogenesis through 
oxidative damage [77,78]. Since sperm cell and testicular Leydig cell 
mitochondria are highly susceptible to cadmium-induced OS, the 
latter mechanism represents the major factor [75]. 

In this study, it was observed that administration of an omega-3 
fatty acid attenuated the detrimental effects of yaji on semen quality. 
Therefore, it is plausible to suggest that the omega-3 fatty acid ame-
liorated the yaji-induced impairment of sperm count, progressive 
motility, and normal morphology in this study, and that this effect 
could be partly mediated by its ability to counteract OS within rat re-
productive organs. It has been shown that omega-3 supplementa-
tion improved spermatogenesis in both animal and human studies 
[79]. Due to their antioxidant properties, omega-3 fatty acids can re-
duce testicular damage. This suggests that omega-3 has potential 
healing properties against the toxic effects of yaji.

In conclusion, administration of yaji sauce had a similar effect on in-
fertility to that of CdCl2 in terms of detrimental changes to semen qual-
ity, testosterone levels, gonadotropin levels, testicular OS markers, and 
histology of the testis. Furthermore, an omega-3 fatty acid ameliorat-
ed the yaji-induced impairment of testicular function in rats. 
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