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ABSTRACT 

BACKGROUND AND OBJECTIVE: Cadmium is one of the pollutants in ecosystems. This heavy metal as a toxin 

affects the reproductive system and causes the destruction of the spermatogenesis process. The aim of this study was to 

compare the effect of Origanum vulgar aqueous extract and vitamin C on cadmium chloride damage in testicular tissue. 

METHODS: This experimental study was performed on 30 wistar male rat in four groups of six rats. The control received 

Cadmium 2 mg/kg of single dose intraperitoneal, T1 group received cadmium with vitamin C 250 mg/kg. T2, T3 and T4 

groups received cadmium and aqueous extract of Marjoram at 125, 250 and 500 mg/kg, respectively for 10 days 

intraperitoneal. At the end of the period, the animals were weighed. Serum antioxidant level and malondialdehyde in 

testis tissue were measured. In addition, after staining were counted calls in testicular tissue. 

FINDINGS: The highest concentration of MDA was observed in the control group at 1.4±0.018 and the lowest in the 

T4 at 93.03±0.30 μmol/ml. The lowest antioxidant capacity in control was 796.41±40.76 and the highest in T4 group 

was 1198.91±51.45 μmol/ml. There was no statistically significant difference in the concentration of MDA and TCA 

between T1 and T3 groups (p=0.076). However, the mean of testicular tissue cells (sertoli, spermatogonia, spermatocytes 

and laydic) in T3 was the highest and lowest mean in control group and the difference was significant (P=0.048). 

CONCLUSION: According to results of this study, Marjoram aqueous extract in controlling oxidative stress damage in 

the same dose 250 mg/kg has a better performance than vitamin C. 
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Introduction 

Cadmium is one of the pollutants in ecosystems. 

This heavy metal as a toxin affects the reproductive 

system and causes the destruction of the 

spermatogenesis process. The degradation function of 

cadmium metal is accomplished by increasing the free 

radicals and inducing oxidative stress (1). previous 

researches in relation to cadmium reveals severe 

hemorrhage, edema and testicular necrosis. On the other 

hand, it causes a decrease in the number of sperm, a 

decrease in sperm motility and irreversible damage to 

the germinal epithelium in the testis (3, 2). It has also 

been shown that cadmium can also lower testosterone 

production (4).  

A review study by Kheradmandi et al. revealed that 

various toxins have a deleterious effect on reproductive 

organs. Exposure to contaminants as well as physical 

stress can increase the rate of infertility. Antioxidant 

products are highly regarded because they can react to 

pollutants and remove free oxygen radicals. In new and 

valid studies, elements such as arsenic, 

cyclophosphamide, cadmium, diazinon and gossypol 

have reduced the rate of reproduction and damage to 

body tissues.  

The general conclusion from the review of valid, 

sources of natural protectors in plants, fruits, and food 

products has been suggested to prevent reproductive 

toxicity of different toxins (5). Origanum vulgar is an 

aromatic herb of the family of mint. In previous studies, 

it has been given special attention to the antioxidant and 

anti-bacterial properties (7, 6).  

Antioxidant properties of Origanum vulgar are 

mainly related to the presence of phenolic compounds 

such as Rosmarinic acid, Quercetin, Camphorol, 

Caffeic acid, and tocopherol homologues, which are 

considered as the strongest compounds for removal of 

free radicals (8).  

Vitamin C is a water-soluble vitamins and glucose-

derivative that acts as an electron carrier in the body's 

chemical reactions and is one of the most important 

antioxidants and is involved in the neutralization of free 

radicals and the elimination of oxidative stress [9]. 

Vijayprasad et al. indicated the protective effects of 

vitamin C against ROS injuries on mammalian sperm 

parameters (10).  

Regarding the antioxidant potential of Origanum 

vulgar extract and vitamin C in controlling oxidative 

stress, the aim of this study was to compare the efficacy 

of Origanum vulgar extract and vitamin C on cadmium 

chloride damage in rat testicular tissue. 

Methods 

This experimental study, after approval by the 

Ethics Committee of Babol University of Medical 

Sciences with code IR.MUK.REC.1397/5002 was 

performed on 30 Wistar male rats weighing 200 ± 30 g, 

which were kept at 12 hours of light and 12 hours of 

darkness in animal house of faculty of veterinary 

medicine. Healthy water and standard concentrates 

were available to the animals without restriction. This 

research was conducted in accordance with the 

International Standards for Medical Research on 

Animals, which was established by the Council of 

International Medical Organizations (CIOMS) and has 

the ethical code of Kurdistan university of Medical 

Sciences (2029)(11). Rats were randomly divided into 

five groups of six and were subjected to the following tests: 

Control group: Cadmium chloride produced by Merck 

Company (Lot number: FN1035040) 2 mg/kg on the 

second day/ single intraperitoneal injection and then 

intraperitoneal injection of normal saline with volume 

of extract for 10 days  

First experimental group: pretreatment of vitamin C 

at a dose of 250 mg/kg and then on the second day single 

dose injection of cadmium chloride/ vitamin C 

treatment until 10 th day 

Second experimental group: pretreatment of 

Origanum vulgar aqueous extract 125 mg/kg, then on 

the second day single dose of cadmium chloride and 

continue until 10th day daily peritoneal 

Third experimental group: pretreatment of Origanum 

vulgar aqueous extract 250 mg/kg, then on the second 

day single dose of cadmium chloride and continue until 

10th day with similar dose of extract 

The fourth experimental group: pretreatment of 

Origanum vulgar aqueous extract 500 mg/kg, then on 

the second day single-dose cadmium chloride and 

continued as intraperitoneally administration of single 

dose cadmium chloride but extract and vitamin C per 

day for 10 days intraperitoneally (12). Then on the 

eleventh day, the mice were weighed with a digital scale 

(Precisa xb620C) and blood sampling was done from 

the animal's heart. The serum was isolated by 

centrifugation at 3000 g for 20 minutes and used to 

measure serum antioxidant concentrations (TCA). 

Animal were scarified using overdose of the thiopental. 

Left testis was used to prepare tissue sections and 

hematoxin-eosin staining. Spermatogonia cells, 

spermatocytes (primary and secondary), sertoli cells 

and leydig cells were counted in 100 microscopic fields. 

The obtained numbers were considered as the average 
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number of cells in each group. Also, the right testis 

tissue extract was used to measure the malondialdehyde 

(MDA), a final product of lipid peroxidation, using a 

thiobarbituric acid method (13). 1.5 ml of 10% 

trichloroacetic acid (Sigma-Aldich, Germany) was 

added to 500 μl of homogeneous tissue and centrifuged 

for 10 minutes. Then, 2 ml Thiobarbituric acid (Sigma-

Aldich, Germany) 67% was added to 1.5 ml of the 

supernatant solution and was placed for 30 minutes in a 

boiling water bath, then 2 ml butanol was added and 

after a severe vortex, centrifugation was performed at 

4000 rpm for 15 minutes, and the absorbance of the pink 

solution was read at 532 nm. The concentration of 

malondialdehyde was determined using 1, 1, 3, 3 

tetraetoxypropane (Sigma-Aldich, Germany) as the 

standard and malondialdehyde concentrations were 

calculated in micromol per milliliter. A standard 

solution of malondialdehyde was prepared at 0.2-2% 

μM concentration in sulfuric acid 10% (13). 

Measuring Antioxidant Capacity: A total antioxidant 

capacity measurement was performed by Benzie et al., 

called Ferric-reducing ability of plasma (FRAP). In 

acidic pH, when the complex FeIII-2,4,6-Tri (2-pyridyl) 

-s-triazine (TPTZ) is reduced to FeII, producing a blue 

color. Its light absorption was read at 593 nm. Then, the 

total antioxidant capacity of serum was measured using 

a standard concentration diagram of 100-1000 μmol/ml 

iron sulfate (14). 

Preparation of Origanum vulgar aqueous extract: 

After collecting Origanum vulgar leaves from 

Kermanshah agricultural land and confirming the 

Herbarium center of the Kurdistan University, the 

leaves were dried in shade. Then it was powdered with 

the mill and mixed with 90 °C hot water in a weight ratio 

of 100/1 and kept in a 45°C warm bath for 20 minutes. 

Then it was flattened and kept in a hot water bath for 

condensation and then 37 °C hot air oven. After drying, 

the moisture content was measured. Different 

concentrations of extract 125, 250 and 500 mg/kg were 

injected intraperitoneally (15). Vitamin C was injected 

intraperitoneally with a dose of 250 mg/kg. 

Data analysis: Data obtained from histomorphometric 

results of testicles (diameter and weight), cytology, 

malondialdehyde concentration and total antioxidant 

capacity of serum were analyzed by one-way ANOVA 

and Tukey's post hoc test (Tukey). statistical analysis 

was performed using SPSS21 software and p <0.05 was 

considered significant. 

 

 

Results 

There was no statistically significant difference 

between the weight of the rats on the first day. However, 

in the last day of the study, the lowest weight was 

observed for the control group (cadmium chloride) and 

the highest weight of the animals in the third experiment 

group (receiving 250 mg/kg extract). The difference in 

weight between control and other experimental groups 

was significant (p = 0.044) (Table 1).  

The mean right and left testis weight in the control 

group was higher, but the right and left testis diameter 

was the lowest in the control group. Although these 

changes were not significant with other groups (p> 

0.05) (Table 2). 

 

Table 1. Average weight of the first and last days of 

animals in different groups 

 

Weight of rats  

Groups 

In first day 

(g) 
Mean±sem 

In last day 

(g) 
Mean±sem 

Control 214.66±1.28a 195.66±0.76a 

First  220.66±3.9a 219.33±3.9 b 
Second  232±5.51 a 227.33±4.75b 
Third 224.33±2.92a 230±4.02 b 
Forth 222±6.7 a  217±0.96 b 

Latin non-uniform columnar letters showing a statistically 

significant difference (p <0.05) 

 

Table 2. The mean of right and left testicles and their diameter in the animals studied in different groups 

 

Testis parameter 
Groups 

Right weight (g) 

Mean±sem 
Left weight (g) 

Mean±sem 
Right diameter (cm) 

Mean±sem 
Left diameter (cm) 

Mean±sem 
Control 0.75±0.062 0.79±0.066 1.2±0.036 1.2±0.036 

First  0.64±0.032 0.65±0.03 1.2±0.073 1.33±0.091 

Second  0.64±0.02 0.67±0.023 1.33±0.021 1.43±0.084 

Third  0.75±0.06 0.72±0.039 1.30±0.036 1.3±0.036 

Forth  0.74±0.067 0.69±0.043 1.26±0.055 1.36±0.042 
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In association with malondialdehyde, the highest 

concentrations were in the control group receiving 

Cadmium chloride with an average of 1.4±0.018 

μmol/ml and the lowest in the fourth group with 

0.93±0.03 μmol/L, respectively. There was a significant 

difference between the control group and all the 

experimental groups (p=0.042). In the first and third 

experimental groups, the concentration of 

malondialdehyde was 0.990±0.05 and 0.98±0.034 

μmol/ml, which was not statistically significant (Fig 1). 

Total antioxidant capacity in the fourth group had the 

highest concentration of 11998.91 ± 51.45 and in the 

control group the lowest concentration was 796.41 ± 

40.76 μmol/ml. In terms of serum total antioxidant 

capacity, vitamin C and Origanum vulgar extract 250 

mg/kg were 900.98 ± 42.54 and 955.41/66.65 μmol/ml, 

respectively. Although Origanum vulgar extract was 

higher than vitamin C in the extracts group, this 

difference was not significant (Fig 2). 

According to the results, the most sertoli cells as 

resistant and supporting cells of testicular tissue were in 

the third experiment group with an average of 

12.02±0.73, then the first and fourth experimental 

groups were 7.66±0.42 and 7.01±0.73. There was a 

statistically significant difference between the third 

group and the other groups (p=0.034). The 

spermatogonia cells (the first category of sex cells) were 

highest to the lowest in the third, fourth, first, second, 

and control groups with an average of 28±1.31, 

17.66±0.91, 12.66±1.11, 11.66±0.42, 11.33±0.55. 

Mean changes in the third experimental group were 

significant (p=0.038), while the difference between the 

control and the first and second experimental groups 

was not significant. In spermatocyte cells, which 

contained primary and secondary spermatocyte, the 

highest number of spermatocytes in the third 

experiment group was 36.67±1.72, the fourth 

experimental group was 17.33±0.21, the second 

experiment group with mean 13.03±0.73/13, the first 

experiment group was 8.33±0.55 and then the control 

group was 7.33±0.42. There was a significant difference 

between the Origanum vulgar extract (250 mg) and 

other groups (p=0.041). In relation to the leydig cells, 

the lowest number was in the control group with average 

of 423.83±7.61 and the highest average in the third 

experimental group was 585.0±3.92. The mean of 

leydig cells in the third group was significantly different 

with the control and other experimental groups 

(p=0.043)(Table 3, Fig 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Changes in malondialdehyde 

concentration in testis tissue of studied rats. 

*Significant statistical difference with other groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Evaluation of changes in total antioxidant 

capacity of serum in studied rats. *Significant 

statistical difference with other groups. 

 

Table 3. Mean ± SEM of different testicular tissue cells in different groups 

Parameters 
Groups 

Sertoli 
Mean±sd 

Spermatogonia 

Mean±sd 
Spermatocyte 

Mean±sd 
Leydig cells 

Mean±SD 
 Control  6±0.36a 11.33±0.55a 7.33±0.42a 423.83±7.61a 

First  7.66±0.42a 12.66±1.11a 8.33±0.55a 457.83±11.18a 

Second  2.33±0.21c 11.66±0.42a 13.03±0.73b 92493.33±6.29a 
Third  12.0±0.73 b 28±1.31b 36.67±1.72c 585±3.92b 

Forth  7.01±0.73a 17.66±0.91c 17.33±0.21d 498.16±2.74a 

    Control         First          Second       Third           Forth 

    Control         First          Second       Third           Forth 
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Latin non-uniform columnar letters showing a statistically significant difference (p <0.05) 

 

 

 

 

 

 

 

 

 

Figure 3. H & E staining. 4x magnification: left to right control group (A) (severe reduction of cell lines), first 

experimental group (B), second experimental group (C). Third experimental group (D) (increase in cell lines than 

other groups). The fourth experimental group (E). 

 

Discussion 

Based on the results, the lowest weight of the rats 

was in the cadmium chloride receiving group on the last 

day. In the histomorphometric data of the testicles, the 

lowest testicular diameter was allocated to the cadmium 

group. Given the toxicity and the effects of cadmium on 

atrophy of testicles and the body this issue is justifiable. 

Regarding the concentration of malondialdehyde, there 

was a significant difference between the control group 

and the other groups. Regarding serum antioxidant 

capacity, there was no significant difference between 

the extract group at 250 mg/kg and vitamin C at the 

same dose. However, with increasing concentration of 

extract in 500 mg/kg, this difference was statistically 

significant. The mean of spermatogonia cells in rats 

based on the results showed that the highest mean 

number of spermatogonia cells was related to 250 

mg/kg extract and this difference was significant with 

other groups. In the review, Adewoyin M et al., found 

that dual bands in fatty acids in the membrane of 

spermatozoids are sensitive to free oxygen radicals, and 

compounds such as vitamins C, E, carotenoids and 

carnitine are considered as effective compounds and 

antioxidants outside the body against single-electron 

oxygen species and controller of peroxidation of 

spermatozoa membrane lipids and prevention of male 

infertility (16). In the study of El-Demerdash et al., 

entitled "Effect of Vitamin C and E on the process of 

spermatogenesis in cadmium-encountered mice, it was 

concluded that mice receiving vitamins C and E had 

higher sperm concentration, decreased lipid 

peroxidation, decreased abnormal spermatozoa, and 

also increased levels of antioxidant in the body than 

those receiving cadmium (17). In a study by Emadi et 

al., vitamin C with antioxidant effects was considered to 

be an effective and protective factor in preventing 

damages caused by free radicals and temperature in  

undecsendig testis in mice (18). Ognjanović et al. 

reviewed the effect of vitamin E and coenzyme Q10 on 

oxidative stress due to cadmium in mice. They 

considered cadmium toxicity to reduce superoxide 

dismutase, catalase and glutathione and also decrease 

intracellular vitamin C concentrations. Vitamin E and 

coenzyme Q10 showed strong efficacy against 

oxidative stress in mice (19). The results of the recent 

study on the oxidative stress control of testicular tissue 

at the time of administration of vitamin C in comparison 

with the control group were in line with the above-

mentioned research. In a study by Mostafavi et al., it 

was concluded that Origanum vulgar extract would 

maintain sperm quality against adverse effects of copper 

poisoning (20). In a study by Ghorbani Ranjbary et al 

on the effect of wild Origanum vulgar extract on the 

level of gonadotropin and testosterone, a dose of 400 

mg/kg for 28 days increased levels of hormones and 

affect the sperm and fertility (21). 

Balubaid regarding the protective effects of 

Origanum vulgar on cadmium toxicity in mice testis 

concluded that in the group receiving Origanum vulgar 

with a dose of 2 mg/kg for 60 days, the concentration of 

sperm and testosterone were similar to that of the 

control group. In the group administering Origanum 

vulgar and Cadmium chloride, the concentration of 

sperm and testosterone was slightly higher than the 

group receiving Cadmium chloride and less than the 

control group. It can be concluded that the industry 

should remove cadmium metal due to the strong 

infertility effects and other metal items should be 

replaced. Although it was possible to preserve the 

protective effect of Origanum vulgar on cadmium (22). 

In the study of Fallah et al., the effect of Origanum 

vulgar extract at an appropriate dose has been shown to 

control the oxidative stress and improve the conditions 

for spermatogenesis and fertility (23). In this study, a 

dose of 250 mg/kg of Origanum vulgar extract was the 

A B C D E 
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most appropriate dose for controlling oxidative effects 

of cadmium in the process of spermatogenesis. 

According to a recent study, the same dose of vitamin C 

showed a lower potential for oxidative stress control and 

improvement of spermatogenesis in rats than Origanum 

vulgar extract. Study of Kazami et al. mentioned the 

changes in FSH so that using oral doses of 20 and 40 

mg/kg of Origanum vulgar ethanolic extract hormone 

changes were 0.338±0.03 and 0/372±0.026, 

respectively. In a dose of 40 mg, the level of hormone 

decreases and may also have an effect on 

spermatogenesis. However, the duration of the study 

and serial doses used is different, and the type of extract 

is also ethanolic, which was different from the previous 

study (24). Regarding the oxidative stress factor, the 

highest concentration of malondialdehyde was observed 

in the control group and the lowest in the fourth 

experimental group. While the highest antioxidant 

capacity was seen in the fourth experimental group. The 

increase in antioxidant capacity has led to a decrease in 

malondialdehyde concentration. Of course, this effect 

was not entirely positive on the process of 

spermatogenesis. Because the concentration of 

antioxidants at the appropriate dose can be desirable and 

non-toxic. In confirmation of the results, measurement 

of the concentration of superoxide dismutase enzymes, 

catalase and glutathione peroxidase, as well as 

hormonal profiles, can complement the recent study. 

Regarding the results of testicular histology and 

oxidative stress factors, it is possible to express the 

effectiveness of Origanum vulgar extract in comparison 

with vitamin C at a dose of 250 mg/kg. With more 

comprehensive studies, the potential of this extract can 

be used in the manufacture of male fertility boosters. 
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