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Abstract 

Diazinon is an organophosphate which exerts tissue damages by generating free radicals thereby inducing 
oxidative stress. The purpose of this study is to determine the protective effect of Salvia officinalis L.extract on 
testes of rats intoxicated by diazinon. In this experimental study, 45 mature male rats were equally divided into 
three groups of Control (C), Diazinon (DZN) and Diazinon-Extract (DZN-E). The D-E group received a one-
time 200 mg/Kg diazinon for the entire period of study and the S. officinalis extract for four weeks (5 days a 
week) via intraperitoneal injection. The animals were sacrificed 24 hours later. Tissue sections were prepared 
and subjected to microscopic examination. The collected data were statistically analyzed using one way-
ANOVA. number of spermatogonia, spermatocytes, spermatids as well as the diameter of seminiferous tubule 
have been significantly reduced in DZN group compared to those in C group (P<0.05). However compared to 
the DZN group, the DZN-E group showed increase in the number of the cell types under study and the diameter 
of seminiferous tubule and these increases were statistically significant (P<0.05). Our results indicate that S. 
officinalis extract minimizes diazinon-mediated tissue damages on testes probably by scavenging free radicals 
and so reducing toxicity caused due to oxidative stress. 
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Introduction 

Exposure to pesticides is considered an important 
health problem[ 1]. Organophosphorous pesticides 
are a group of agricultural toxins capable of 
inhibiting the cholinesterase enzyme and therefore 
causing various tissue damages[ 2]. Such toxins are 
adsorbed to the body via skin, respiratory or 
digestive tracts[3] and rapidly converted to active 
metabolites [4]. Diazinon is organophosphorous 
pesticides widely utilized to control and eradicate 
agricultural pests[ 5]. This toxin is a well-known 
pollutant of our ecosystem, water and food 
products. Large quantities of diazinon may remain 

active for months in water, soil and even in plants 
and are readily adsorbed upon contact by skin or 
mucus [6]. 
One of the unwanted side effects of 
organophosphorous toxins is on spermatogenesis. 
Such damage by these toxins clearly can vary in 
severity depending on the dose and duration of 
contact with the toxin; however, continuous 
application of these toxins in residentials and farms 
could jeopardize the reproductive system in human 
and animals] 7]. Studies made on laboratory 
animals indicate that OP toxins can lead to 
disruption of spermatogenesis] 8]. Even inhalation 
of these toxins could minimize semen volume, 
reduce sperm movement, number and structure and 
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affect secretion of sex-related hormones[9]. 
Agriculture toxins can affect testes tissue, 
degenerate seminiferous tubule and reduce sperm 
biosynthesis thereby enhancing the chance of 
infertility[10-12]. 
Organophosphorous compounds are able to enter 
reaction with cellular macro- and micromolecules 
and introduce cellular and genetic damages[ 13-
14]. Some investigators blame lipid peroxidation 
and production of free radicals such as reactive 
oxygen species (ROS) following diazinon 
metabolism and interaction with proteins, nucleic 
acids and lipids as the main mechanism of diazinon 
action behind cell damage and death induction in 
various tissues [15-16]. Due to the damaging 
consequences of diazinon usage in agriculture, 
several measures have been proposed to inhibit 
such damages. The use of natural compounds that 
bear anti-oxidant properties might be important in 
reducing oxidative stress and minimize its 
damages[ 17]. 
Since the safety of synthetic anti-oxidants has often 
been under question, the use of natural resources in 
particular plants as substitutes draw increasing 
attention nowadays [18]. Salvia officinalis L. which 
belongs to mint Labiatae is one of these natural 
resources. This plant has phenolic compounds as 
the main source of its anti-oxidant properties[ 19-
20]. The anti-oxidant capacity of plant metabolites 
is determined by the quantity of these compounds[ 
21-22]. Studies indicate that S. officinalis 
scavenges free radical thereby minimizes damaging 
effects of oxidative stress[ 23]. Due to the wide 
application of diazinon and its oxidative damages 
in various live tissues, on one hand, and the anti-
oxidant properties of S. officinalis, on the other 
hand, the current study was designed to determine 
the protective effect of S. officinalis on testes tissue 
of rats intoxicated by diazinon. 

Material and Methods 

Animals: for this study, 45 mature male wistar rats 
with an average age of 12 weeks and approximate 
weight of 250±20 were purchased from Iran 
Pasteur Institute in Amol. The rats were adapted to 
new environment by keeping them in animal room 
in Mazandaran University for two weeks. The 
animal room was set to 25 0C in temperature with 
50-55% humidity. Also, the animals were kept in 
12-hour light and 12-hour dark for adaptation 
purposes. They were then randomly divided to 

three groups of Control (C), Diazinon (DZN) and 
Diazinon-Extract (DZN-E).  

Preparation of plant extract: Salvia officinalis used 
in this study belonged to species found in Alborz 
mountains and was supplied by Herbals Reference 
Store in Karaj, Iran. In order to prepare the hydro-
alcoholic extract, 200 g powder made from the 
plant was added to 70% ethanol in 600 mL. The 
mix was rotated in a Shaker of KS500 model at 325 
rpm for 72 hours. The mix was then filtered 
through a Wattmann filter paper. The extract 
solvent was extracted using a rotary device in 
vacuum and then dried. 

Injections: The extract was injected daily and intra-
peritoneally to the rats at 100 mg/Kg within 4 
weeks (5 days per week). After the last injection, 
diazinon was injected at the dose of 200 mg/Kg. 

Preparation of tissue samples: The animals were 
anesthetized 24 hours after injection of diazinon, 
and the testes tissue was collected by seizuring 
their abdominal cavity. The isolated testes was 
fixed in 10% formalin and used to prepare 5µm 
sections. All sections were stained with eosin-
hematoxylin. Finally, the number of spermatogenic 
cells, Leydig cells, Sertoli cells as well as the 
diameter of seminiferous tubule was counted using 
a light microscope in which eye piece was 
equipped with a graticule. 

Data analysis: The SPSS version 19 was used to 
statistically analyze the data. One-way ANOVA 
was applied to compare differences between 
controls and experimental groups. Differences 
between groups were analyzed using Duncan’s 
Multiple Comparisons Test. Differences less than 
0.05 (P<0.05) were considered significant. 

Results 

Diameter of seminiferous tubule: The diameter of 
seminiferous tubule in the DZN group of rats was 
significantly reduced compared to that in the C 
group (P<0.05). However, this parameter showed 
significant increase in the DZN-E group compared 
to the DZN group (P<0.05). Also the Diameter of 
seminiferous tubule in the DZN-E group was 
significantly smaller than in the C group (Fig. 2; 
P<0.05). 
Number of spermatogonia and spermatocytes: 
Both spermatogonia and spermatocytes showed 
reduced number in the DZN group compared to the 
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C group (P<0.05), but the number of these cells 
significantly increased in the DZN-E group 
compared to the DZN group (P<0.05). Cell number 

in the DZN-E group was reduced compared to the 
C group but this reduction was insignificant (Table 
1 and Fig. 1). 

Table 1 mean ± SE of spermatogenic cells in control and experimental groups 

Groups 
Cell  

Control Diazinon Diazinon-Extract 

Spermatogonia 25.33± 4.489 a 18.75± 3.728 b 24.44± 3.502 a 
Spermatocyte 35.73± 4.423 a 19.93± 3.449 c 35.22± 4.426 b 
Spermatid 37.86± 3.680 a 24.68± 2.522 b 36.94± 3.020 a 
Same letters indicate no significant differences between mean groups, and different letters is significant at the 
0.05 level. 

Table 2 mean ± SE of Leydig/Sertoli cells and diameter of seminiferous tubule in control and experimental groups 

Groups 
Parameters 

Control Diazinon Diazinon-Extract 

  Leydig cell  29.06± 3.180 a 18.00± 2.780 b 28.88± 3.944 a 
  Sertoli cell  4.86± 0.560 a 2.81± 0.647 c 4.55± 0.63 b 

Diameter of seminiferous 
tubule (µm)  

 

62.80± 3.25 a 50.12± 4.39 c 58.30± 3.96 b 

Same letters indicate no significant differences between mean groups, and different letters is significant at the 0.05 level. 

 
                

 
Fig. 1  Micrograph of cross section from Rat  testes in Diazinon-Extract (A) , Diazinon (B) and control(C) groups, staining 
with H&E (400X). Treated rats with diazinon show decrease in the number of spermatogenic, but Salvia officinalis L. extract 
prevents tissue damages induced by diazinon on testes.   

A  B 

C
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Number of spermatids, Leydig cells and Sertoli: 
Comparison of sections prepared from various 
animal groups showed that spermatids, Leydig cells 
and Sertoli in the DZN groups have been reduced 
in number compared to the C group (P<0.05).The 
number of these cells in the DZN-E group showed 
significant increase compared to that in the DZN 
group (P<0.05) but insignificant reduction 
compared to the C group (Tables 1, 2). 

Discussion 

In this study, significant reduction in the number of 
spermatogonia, spermatocytes, spermatids, Leydig 
and Sertoli cells were observed in the diazinon 
(DZN) group compared to the control (C) group. 
However in the diazinon+extract (DZN-E) group, 
the number of cells examined and the diameter of 
seminiferous tubule showed significant increase 
compared to the DZN group. These results that 
reflect the effects of diazinon activity are 
compatible with those of other studies indicating 
the efficacy of diazinon and similar toxins. Reports 
indicate the capacity of organophosphorous toxins 
in reacting with cellular macro- and 
micromolecules and damaging consequences of 
such reactions at cellular and genetic levels [13,14]. 
Some investigators argue that this group of toxins 
support lipid peroxidation and induce cell death by 
increasing free radical levels and inhibiting anti-
oxidant enzymes such as superoxide dismutase 
(SOD), glutathione peroxidase (GPX) and catalase 
(CAT) that can ultimately result in destruction of 
various cells and tissues [24,25]. It appears from 
the results of this study that the reduced number of 
cells examined and the shrinkage in the diameter of 
seminiferous tubule in the DZN group correlate 
with the increased levels of oxidative stress and 
induced cell death.  
The results of our study further indicate that the 
DZN-E group of animals has increased number of 
spermatogenic, Leydig and Sertoli cells compared 
to the DZN group. The histological examinations 
that we carried out point to the capacity of the S. 
officinalis extract to repair and/ or reconstitute the 
testes tissue. Two anti-oxidant defense systems 
occur in organisms that include enzymatic defense 
system (such as SOD, GPX and CAT) and non-
enzymatic system of ascorbic acid, Alpha-
tocoferol, Bilirubin, Oric acid, poly-phenols and 
carotens [23,26]. These compounds inhibit 
production of free radicals and repair tissues 

thereby minimizing damages caused by excessive 
free radicals [27]. Therefore, the use of natural anti-
oxidants could be one way to reduce oxidative 
damages of diazinon toxicity. 
Investigations introduce the occurrence of phenolic 
compounds toyon, syneol and camfer in S. 
officinalis as the main source of the plant’s anti-
oxidant properties. In 2007, Osava and Kato 
showed that plant resources can protect tissues 
from free radical and oxidative damages. Also food 
supplements such as vitamins and flavonoids used 
with natural anti-oxidants can minimize oxidative 
damages[ 28]. Plant metabolites induce the activity 
of anti-oxidant enzymes and reduce lipid 
peroxidation toward minimizing oxidative activities 
[29-31]. Zupko and colleagues showed that various 
S. officinalis species have inhibitory effects on lipid 
peroxidation induced by Cu2+and Fe2+-containing 
compounds that have free radical scavenging 
activities[ 30]. Based on the vital role of metal ions 
transferred during lipid oxidation, the results of our 
study indicate the capacity of S. officinalis in 
reduction or elimination of free radicals and so 
inhibition of lipid peroxidation. Therefore, it 
appears that the S. officinalis extract injected to the 
DZN-E group of rats has been able to neutralize the 
oxidative toxicity of diazinon leading to protection 
of cells involved in animals’ spermatogenesis. 

Conclusion 

The results of this study showed that the S. 
officinalis extract induces repair of testes tissue 
damaged by diazinon. The extract increases cellular 
anti-oxidant activities and protects testes by 
scavenging free radicals. Therefore, the compounds 
present in this plant could form promising 
resources to supplement natural anti-oxidants. 
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