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ABSTRACT: Diazinon (DZN), as an organophosphate insecticide, induces testicular toxicity through oxidative stress.
Ginger, a herbal medicine, has antioxidant and anti-inflammatory properties. This study was designed to investigate
the effects of ginger against DZN-induced testicular toxicity. In this experimental study, thirty-two adult male mice
were randomly divided into four groups. The control group; ginger group (100 mg/kg); DZN group (10 mg/kg); ginger
+ DZN group. Ginger and DZN received for 30 consecutive days by gavage, and DZN has been treated one hour after
receiving ginger. Sperm parameters (including motility, sperm count, sperm viability rate and morphological sperm
abnormalities), biochemical (MDA and GSH), testosterone levels, histopathological and immunohistochemical assays
of testis were evaluated. The results revealed that treatment with DZN caused significant damage of sperm parameters
(sperm motility, count, viability rate and abnormalities), increased oxidative stress (increased MDA and decreased GSH
level), significant histopathological changes and decreased Johnsen’s Score, testosterone level and increased caspase-3
immunoreactivity. Ginger preserved sperm parameters and mitigated the toxic effects of DZN. Also, treatment with
ginger significantly reduced caspase-3 immunoreactivity. Our results concluded that the ginger with anti-apoptotic and
antioxidant activity and with scavenging free radicals protect testis against DZN-induced toxicity.
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1. INTRODUCTION

Diazinon (O, O-diethyl O - 2-isopropyl -6- methyl pyrimidinyl -4- g- 1- phosphorothioate, DZN , as
one of organophosphate insecticides, is being used in different agricultural and gardening and could be highly
toxic [1]. Contamination of food and water to DZN leads to abnormalities in the function of liver [2], kidney
[3], brain [4], intestine [5], heart [6], ovary [7] and testis [8]. DZN decrease testosterone level, sperm count,
motility and inhibit spermatogenesis and result in testicular atrophy [8-10]. Pathogenesis of tissue damage
following DZN exposure is usually being attributed to oxidative injury [11]. Increasing oxidative stress
through mitochondrial dysfunction and immunosuppression can lead to testicular injury and sperm
abnormalities [12]. DZN with oxidative stress and generation of free radicals and increment of lipid
peroxidation induce DNA fragmentation and apoptosis [5]. Also, Pesticides exposure decrease the
endogenous antioxidant levels leading to cell death. So, use of exogenous antioxidants with scavenging ROS
help in cell survival and longevity [13]. Organophosphate insecticides with phosphorylation of proteins
induce toxicity. DZN, in the final stage of spermatogenesis with phosphorylation of sperm nuclear proteins
(protamines), causes chromatin condensation and testicular toxicity [14, 15]. Previous researches
demonstrated that administrations of antioxidants protect organs against oxidative stress-induced damage
[10].

Ginger (Zingiber officinale Roscoe, Zingiberaceae), as a spice is being used all over the world. Ginger in
traditional herbal medicine has been used for diseases such as common cold, digestive diseases, rheumatism,
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neuralgia, colic and motion sickness [16, 17]. Also, ginger is an attractive diet for the study of oxidative stress
caused by exposure to insecticides [18]. The antioxidant property of ginger has been approved in in vitro [19]
and in vivo [6] studies. Biological properties of ginger are anti-inflammatory and antioxidant properties [20].
Researchers recently reported that ginger protects hepatotoxicity [21], gastric ulcer [22] nephrotoxicity [23] and
cardiotoxicity [24]. Studies have also shown that ginger improves testicular toxicity caused by cisplatin [25],
cadmium [26], sodium arsenic [27] and gentamicin [28]. Protective effect of ginger on biochemical parameters
has been confirmed against DZN-induced hepatotoxicity, testicular and heart toxicity [6, 29].

Hence, ginger has the potential that protects against DZN-induced testicular damage, and the best of
our knowledge, no such study has been done on histopathology and immunoreactivity of caspase-3. This
study aims to investigate the effects of ginger on testicular damage induced by DZN in mice by biochemical,
histopathological and immunohistochemical assessment.

2. RESULTS
2.1. Total phenolic and total flavonoid contents

The total phenolic and total flavonoid contents of the extract were 237.9 = 3 mg gallic acid equivalents
and 101.33 + 2.73 mg quercetin equivalents per gram dried extract, respectively.

2.2. Biochemical finding

The biochemical results are shown in Figure 1. The levels of MDA increased significantly in the DZN
group that was comparable to control group (p < 0.05). Ginger treatment in DZN treated mice decreased
significantly MDA compared with the DZN alone group (p < 0.05). GSH decreased significantly in the DZN
group compared with the control group (p < 0.05). This antioxidant increased significantly in the ginger plus
DZN group compared with the DZN alone group (p < 0.05). MDA and GSH levels were similar in control and
ginger groups. Overall, DZN induced oxidative stress in testis and ginger decreased oxidative stress markers.

MDA GSH

. 150+ 200-
£
£ -
E b+
s a* — 150+
£ 100+ b g
- o E
£ T £ 1004
< 3
= 50+ 1 §
E 50+
s
2

0' T T 0'

> <
& & & &
AN
P (&) *
)
O
0\

All values are expressed as mean + SD. a significant vs. control, b significant vs. ginger and c significant vs. DZN groups.
*; P<0.05, **; P<0.01, and ***; P<0.001. DZN; Diazinon, MDA; malondialdehyde, GSH; glutathione.

Figure 1. Histogram shows the levels of MDA and GSH.

2.3. Sperm parameters

The sperm parameters are presented in Table 1. In the ginger-treated group, sperm parameter findings
were similar to control group. In the DZN-treated mice had significantly lower sperm counts, total epididymal
sperm motility, cell viability rate and higher abnormal sperm morphology than the control group (P < 0.05;
Table 1). The ginger plus DZN-treated mice had significantly higher total epididymal sperm motility and
lower abnormal sperm morphology than the DZN-treated group (P < 0.05).

Table 1. Sperm characteristics, serum concentration of testosterone in different groups.
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Groups Control Ginger (G) Diazinon G + DZN
(DZN)

Sperm count (x 106) 4.66£0.2 4.61+0.37 2.96 +0.27 3.96 £0.57
J— o

Sperm abnormality (%) 8.4 +251 8.83+2.23 30.86 £6.72 20.14 +1.68
- T

Sperm viability (%) 90.2+0.99 89.53+1.3 77.93 +2.98 86.12 +2.28
- o

Sperm motility (%) 90.4 +£5.27 89.43 £5.89 54.71 £5.96 64.57 £6.6
- JE—

Testosterone 11.82+1.51 11.98 £+1.23 4.17+1.61 7.44 +1.87

(nmol /) J— -

All values are expressed as mean + SD. a significant vs. control, b significant vs. ginger and c significant vs. DZN groups.
*; P<0.05, **; P<0.01 and ***; P<0.001.

2.4. Testosterone level

Serum testosterone levels are presented in Table 1. Serum testosterone levels were significantly
decreased in DZN group compared with the control and ginger groups (P < 0.05). Ginger treatment in DZN
treated mice increased testosterone levels compared to DZN group, but it was not significant.

2.5. Histopathological findings

The photomicrographs of testes are shown in Figure 2. Normal spermatogenic cells, Sertoli and Leydig
cells and precise spermatogenesis with abundant spermatids can be seen in the control group (Fig 2-I). Testis
in ginger treated mice was similar to control group. DZN induced the impairment in the testes. In the DZN
group, seminiferous tubules (ST) showed disruption of spermatogenesis with disorganization in the germinal
epithelium layer and atrophy of ST, desquamations, necrosis and degeneration, diffuse interstitial oedema,
desquamation and formation of giant cells by spermatocyte and spermatids and congestion (Fig 2-II and III).
Ginger administration in DZN treated mice mitigated histopathological findings compared to DZN group (Fig
2-1V). Johnsen’s mean scores of all groups were presented in Figure 3. DZN decreased testicular injury score.
Johnsen’s scores in DZN plus ginger group was higher compared to DZN alone (P < 0.05).

Control (I), DZN (II and III) and G + DZN (IV) groups. Normal structure in control group, disorganization, detachment
(red asterisk-III), degenerative cells, giant cells formation (white arrow-II) condensation nuclei (red arrow-III), oedema
(white asterisk-III), congestion (red arrow-II) and vacuolization (white arrow-III) in the seminiferous tubules in DZN
group. Treatment with ginger ameliorates these changes. (H & E. Mag; x40. Scale bar = 100 um. G; ginger, DZN; Diazinon.

Figure 2. Photomicrographs showed histological structure of testis in the groups.
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Data are presented as Mean + SD. a significant vs. control, b significant vs. ginger and c significant vs. DZN groups. ***;
P<0.001. DZN; Diazinon.

Figure 3. The histogram shows Johnsen’s score of testicular tissue in the all groups.

Morphometric results in DZN treated group showed decreased seminiferous epithelial thickness and
seminiferous tubules diameter in the majority of tubules as compared to control (P < 0.05). Ginger treatment
increased the mean germinal epithelium thickness and tubular diameter in DZN treated mice. Reduction in

thickness of the epithelium and diameter of seminiferous tubules were statistically significant compared to the
DZN alone (P<0.05) (Table 2).

Table 2. Epithelial thickness (ET) and seminiferous tubules diameter (SD) in groups.

Groups Control Ginger DZN CP+NC

ET (um) 65.49 £7.03 66.53 £ 6.58 30.52 £ 5.58 a b 59.51 £6.92
J—

SD (um) 198.1 +14.82 195.4 £12.93 160.7 £13 a™ ™ 188.3 £10.99

P e

All values are expressed as mean * SD. 4 significant vs. control, b significant vs. ginger and c significant vs. DZN groups.
*, P<0.05, ***; P<0.001. ET; epithelium thickness, SD; seminiferous tubules diameter, DZN; Diazinon.

2.6. Inmunohistochemical findings

Immunohistochemical photomicrographs of the testes are shown in Figure 4. Section of testes in the
control group showed no caspase-3 immunoreactivity. Expression of caspase-3 was similar in the ginger and
control group. Increase immunoreactivity level of caspase-3 displayed in DZN-treated mice.
Immunoreactivity staining mainly was localized in the spermatogonia cells (Fig 4.A) of the testis. Mild
immunoreactivity staining of caspase-3 was shown in the spermatogonia cells (Fig 4.1I) in ginger + DZN group
compared to DZN alone group.

The histograms of the semi-quantitative analysis of caspase-3 staining in all groups are shown in Figure
5. The most immunoreactivity of caspase-3 was confirmed by semi-quantitative analysis in DZN treated mice
compared with the other groups (p <0.05). DZN administration decreased the severity of immunoreactivity
of caspase-3. Level of caspase-3 in the control group was similar to the ginger group.
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(A) Immunohistochemical staining showed the caspase-3 immunoreactivity in the DZN group that were remarkable in
spermatogonia cells (arrow) and very weaker in spermatocyte cells. (B) Ginger treatment mitigated caspase-3
immunoreactivity in DZN-treated mice. DZN; Diazinon.

Figure 4. Inmunohistochemical staining of caspase-3 in the groups.
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Data are presented as Mean * SD. a significant vs. control, b significant vs. ginger and c significant vs. DZN groups. ***;
P<0.001. DZN; Diazinon.

Figure 5. The histogram shows densitometry analysis of immunohistochemical staining for caspase-3.

3. DISCUSSION

DZN, as an organophosphorus (OPs) insecticide, is one of the most widely used pesticides that can
affect various organs [30]. In the present study, we showed pathological changes in mice testis that were
exposed to DZN. These changes include decreasing of spermatogenesis, testosterone, apoptosis, sperm counts,
motility, sperm viability rate and increased abnormal sperm morphology and apoptosis. Ginger improved the
reduction in serum testosterone level, apoptosis, sperm count and abnormal sperm in DZN-treated animals.
It also decreased lipid peroxidation and increased GSH level. Its protective mechanisms may be related to its
anti-oxidative and anti-apoptotic properties of ginger.

OPs insecticides such as DZN induce cytotoxicity due to the generation of reactive oxygen species
(ROS). ROS interrupts intracellular homeostasis. Glutathione (GSH), as an important antioxidant, is able to
moderate ROS [31]. In this study, the biochemical assay confirmed the decrease in antioxidant enzyme like
GSH and increase in MDA level in the testis, that showed oxidative stress which is consistent with previous
study [11]. Antioxidants in the most studies are being used as pre-treatment, post-treatment or combined
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treatment. We administrated ginger during the course of treatment, 1 hour before receiving of DZN. Ginger
significantly decreased lipid peroxidation as a marker of oxidative stress and was comparable with DZN alone
group. Previous studies showed that ginger efficiently scavenges ROS and inhibit the generation of oxidative
injury in testis induced by malathion. This study is consistent with another study that showed ginger with free
radicals scavenging can alleviate lipid peroxidation [32].

The herbal medicine due to being non-toxic and without serious side effects are an excellent candidate
for reducing oxidative stress [33]. Ginger, because of its flavonoids compounds, such as gingerols, shogaols,
some phenolic ketone derivatives, volatile oils, alkaloids, saponins, scavenge all kinds of free radicals and have
antioxidant properties [33]. So, ginger inhibits oxidation process and prevents from free radicals formation.
Previous studies have shown that this medicinal herb significantly mitigated malathion-induced lipid
peroxidation and oxidative stress. Ginger with free radicals scavenging protects toxicity of organs induced by
organophosphate toxins [13]. Hepatoprotective effect of ginger against DZN was confirmed in the previous
study [2]. In this study, ginger extract in dose of the 100 mg/kg b.w. improved some biochemical and
histological changes induced organophosphorus pesticide DZN. These findings conform to antioxidant
property of ginger and are consistent with other studies [34]. The antioxidant activity of ginger is related to
gingerol and other compounds [35]. This medicinal herb with maintaining the activities of antioxidant
enzymes such as superoxide dismutase, catalase and glutathione peroxidase, reduces lipid peroxidation [32].
Ginger with biological components efficiently protects lipid peroxidation [32]

Our histopathological findings revealed that sub-acute exposure to DZN induce histopathological
changes in the seminiferous tubules, such as disorganization in the germinal epithelium layer of seminiferous
tubules (ST), desquamations, vacuolization, and exfoliation of tubular epithelium, arrest of spermatogenesis
activity, giant cells formation in the central lumen of the seminiferous tubules, necrosis and degeneration,
diffuse interstitial oedema, congestion and destruction in Leydig cell. These may be because of DZN induces
pathological changes in the Leydig cells and subsequent changes in the spermatogenic cell line. This study is
in line with another study [36] and ginger was able to significantly mitigate DZN-induced testicular damage
in mice. Previous studies proved significant protection of ginger against Cisplatin-induced hepatotoxicity and
cardiotoxicity [24], diabetic-induced nephrotoxicity [37], against acetic acid-induced colitis [38] and cisplatin-
induced nephrotoxicity [23].

DZN exposure also reduces sperm counts has been shown previously [39]. In this study, mice treated
intraperitoneally for 30 days with DZN, exhibited a decrease in sperm counts. Similarly, these mice exhibited
a significant decrease in sperm motility and increased abnormal morphology rates. It is likely that these effects
of DZN and other Ops, cadmium, are related to their ability to cross the blood-testis barrier [39]. OPs by
inducing oxidative stress, effect on activities of mitochondrial enzymes and disrupt the microtubules structure
in the sperm. Impairment of mitochondrial function decreases sperm motility [40]. As well, OPs with DNA
damage affect male reproductive function [41, 42]. DZN, induces oxidative stress and lipid peroxidation that
damages the biological membranes in the testes [5]. In the present study, DZN caused reduction of diameter
and weight of testes, sperm counts, degeneration of the spermatogenic and Leydig cells, Sertoli cells and
interrupts spermatogenesis [9]. Also, sperm parameter examination of testes showed that DZN significantly
decreases sperm counts and sperm motility, sperm viability rate and increased abnormal sperm morphology.
These changes are related to oxidative stress and DNA damage that can alter sperm parameter [41].

OPs like DZN exert their detrimental effects through oxidative stress, oxidation of lipids, proteins and
DNA in the testis [43]. Ahmed and et al reported that administration of ginger with biological activities
improves sperm parameters [32]. In the present study, co-treatment of DZN with ginger mitigated the effects
of DZN on sperm counts, motility and morphology.

OPs may also affect male reproductive function by blocking steroid hormone biosynthesis in the Leydig
cells [44]. Testosterone is a key hormone that regulates spermatogenesis. Exposure to DZN significantly
reduces LH, FSH and testosterone levels [9]. However, other researchers have found that DZN increase FSH
and LH levels [45]. In our study, the testosterone level in the DZN-treated mice was significantly lower
compared with control group. Sub-acute DZN suppressed testosterone secretion. However notably co-
treatment of DZN with ginger had a protective effect on testosterone level.

The organophosphorus pesticides are highly toxic and alter sperm DNA structure and induce testicular
toxicity [41]. DZN decreases the plasma acetylcholinesterase activity [46]. Also, elevated concentration of free
oxygen radicals modify DNA and promote local apoptosis [10]. In this study, DZN exposure for 30 days was
associated with increase in immunoreactivity level of caspase-3 compared with the control group. Ginger
treatment decreased caspase-3 immunoreactivity level. In a previous study, it was shown that 6-gingerol and
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6-paradol are the main polyphenol compounds of ginger, that have anti-tumoral and anti-proliferative effects
[47].

4. CONCLUSION

Thus, in summary, our study concludes that sub-acute DZN exposure could induce histopathological
changes, oxidative stress in the testis. Ginger extract could improve testicular toxicity with anti-oxidative
activity and through free radicals scavenging. In addition, protective effect may be attributed to its anti-
apoptotic property, that is mediated through mitigating immunoreactivity of caspase-3. The most important
limitation of this study was an assessment of the anti-inflammatory property of this extract.

5. MATERIALS AND METHODS
5.1. Plant material and extraction

The roots of the ginger plant were prepared from the local market. The herbarium specimen of this plant
is stored in the herbarium of the Faculty of Biology, Ghaemshahr Azad University. The roots were dried in
shadows, then homogenous powder was macerated in 70% ethanol for 72 hours (1:5 w/v), after which the
hydroalcoholic extract of dried ginger was processed by removing the solvent using a Rotary (Heidolph,
Germany). For this purpose, 10 g of dry plant roots were mixed with 50 ml of solvent. After 24 hours, methanol
was removed and the new solvent was added again. This action was repeated for three times till complete
extraction. After which the hydroalcoholic extract of dried ginger was processed by removing the solvent
using a Rotary evaporator (Heidolph, Germany). The concentrated extract was kept at 4° used for in vivo
study.

5.2. Determination of total phenolic and flavonoid contents

The total phenolic content of the hydroalcoholic extract was determined by Folin Ciocalteu method [48].
The calibration curve was plotted using various concentrations of gallic acid. The total phenolic content was
expressed as milligrams of gallic acid equivalents per gram of extract. The total flavonoid content was
estimated using aluminium chloride colourimetric assay [49]. Quercetin was used to make calibration curve
and flavonoid content was expressed as milligrams of quercetin equivalents per gram of extract.

5.3. Animals

Thirty-two adult male BALB/c mice (weighing approximately 25-30 g) obtained from the Animal
Research Center of Mazandaran University of Medical Sciences, Sari, Iran. The animals were fed a standard
laboratory diet and water ad libitum, kept in 12 h light/dark cycle, laboratory temperature of 20 £ 2 C. They
were allowed one week to acclimate to the Experiment environment. All the experimental methods were
manipulated by the Institutional Animal Ethics Committee of the Mazandaran University Medical Sciences
ID: IRMAZUMS.REC.1395.5222.

5.4. Study design

In the experiment group, the mice were randomly divided to 4 groups (8/group): the control group (C),
the ginger group (G), the DZN-treated group (DZN), and the ginger plus DZN-treated group (G + DZN). Ginger
was administered at a dose of 100 mg/kg per day via gavage. In DZN group, were given DZN at a dose of 10
mg/kg b.w. per day via gavage. In ginger plus DZN-treated group, the mice were received ginger, and 1 hour
later, were received DZN. At the end of the 4th week (30 days), the mice were anaesthetized with ketamine
(50 mg/kg) and xylazine (5 mg/kg). Blood samples were collected for testosterone assay. Then, the mice were
sacrificed and dissected, testis and epididymis samples were taken to assess the biochemical, histological and
immunohistochemical evaluations of testis and epididymal parameter analysis.

5.5. Evaluation of sperm parameters

One epididymis of each animal immediately after dissection was placed in 1 ml of Dulbecco's Modified
Eagle's medium (DMEM) pre-warmed With 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin in
a petri dish and minced by anatomical scissors. Afterwards, the pieces of epididymis were incubated for 15
min to allow the migration of all spermatozoa into DMEM. Then epididymis tissues were removed and cell
suspension obtained was used to assess sperm parameters.
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For sperm count, One drop 20 pL of the sperm suspension was placed on Neubauer hemocytometer
and was allowed to stand for 5 min then at a magnification of x 40 was counted and expressed as million
sperm cells per ml of suspension.

For evaluation of the sperm motility, one drop of cell suspension was placed on a slide, covered by a
coverslip and the percentage of sperm motility according to the type move was assessed routinely by counting
200 cells/slide [50], using light microscope at 200 magnification. The motility estimations were performed in
three different fields for each sample, and average numbers were considered as the final motility score.

To determine the percentage of sperm morphology, 10 pL of the sperm suspension with 10 pL of Eosin
mixed. After 1 min incubation, smear prepared with a drop of 12 pL onto a glass slide. After drying, sperm
morphology checked. Abnormal shape of the head and tail of sperm analyzed in the prepared slides and mean
data were recorded.

To assess sperm viability 20 pL of sperm suspensions with 20 pL of 1 % Eosin-Y were mixed and after
3 to 4 min, 200 sperm of stained and unstained cells per slide [51] were counted for viability by using
haemocytometer with x40 magnification inverted microscope. Each sample was measured at least three times.

5.6. Biochemical analysis
5.6.1. Evaluation of lipid peroxidation

The testicular lipid peroxidation was measured by MDA level using the thiobarbituric acid with a
spectrophotometric assay. To begin the analysis, 0.25 mL phosphoric acid (0.05 M) was mixed with the 0.2 mL
of sample and then 0.3 mL of 0.2% thiobarbituric acid (TBA) was added. Samples were kept in a boiling water
bath for 30 min. The sample tubes were placed to the ice-bath and then 0.4 mL of n-butanol was added to each
sample. Then were centrifuged (3500 rpm) for 10 min and MDA was measured based on reacts with
thiobarbituric acid (an MDA-TBA complex). Created MDA in each sample was calculated in the supernatant
at 532 nm with ELISA reader (Tecan, Rainbow Thermo, Austria). MDA content was expressed as nmol/mg
protein. Tetramethoxypropane (TEP) was used in this experiment as standard [52].

5.6.2. Measurement of glutathione (GSH) content

The content of the glutathione in the testis tissue was measured by a spectrophotometer (UV-1601 PC,
Shimadzu, Japan). In brief, 0.5 ml sample or standard solution with 0.25 ml of 1 M sodium phosphate buffer
(pH 6.8) and 0.5 ml 5,5'-dithiobis-2-nitrobenzoic acid (DTNB) as an indicator was mixed. After 5 min, the
absorbance was measured at 412 nm and expressed as pM [53].

5.7. Testesterone analysis

Levels of testosterone in the serum were determined according to manufacturer's instructions (Mouse
Testosterone ELISA Kit, Bioassay, Cat. No. E0260MO). Testosterone amount in the samples was calculated
from testosterone standard curves using a spectrophotometer and expressed as nmol/L. All samples were
carried in duplicate.

5.8. Histopathological examinations

For histopathological examination and to determine the effect of DZN exposure on the testis, samples
were fixed in 10% buffer formalin, processed and embedded in paraffin. Sections of 5 uM thickness stained
with hematoxylin and eosin (H & E) and were investigated for light microscopic examination (Olympus,
Japan). Histopathological findings were investigated with Johnsen scoring system [54]. Five sections per
animal and 10 seminiferous tubules per section were assessed using a score of 1-10 under x40 magnification.

For quantitative evaluation, the average diameter of seminiferous tubule (ST) and thickness of the
germinal epithelium of the ST (from the basement membrane to lumen) in 10 tubule per testicular section and
10 section per groups were measured at x40 magnifications by using calibrated OLYSIA Soft Imaging System
GmbH, version 3.2 (Japan) [55]. All specimens were evaluated by a histologist as blind.

5.9. Immunohistochemical assay

The immunohistochemical technique was performed according to the instructions kit manufacturer
(Abcam Company, USA). After deparaffinization and rehydration, endogenous peroxidase activity was
blocked by 0.3% H>O» in methanol for 15 minutes. Then, tissue sections were incubated at 4°C overnight with
primary antibodies (anti-caspase 3 rabbit polyclonal antibody, 1:100 in PBS, v/v, Abcam, Lat: GR224831-2).
After incubated with secondary antibody conjugated with horseradish peroxidase (Mouse and Rabbits
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Specific HRP/DAB, Abcam, Lat: GR2623314-4) for 10 minutes, sections were incubated with
diaminobenzidine tetrahydrochloride for 5 minutes [56]. Then, the samples were dehydrated and mounted.
The primary antibody was omitted for negative controls. For the quantitative analysis, immunohistochemical
photomicrographs were assessed using MacBiophotonics Image]J 1.41a software by densitometry method. The
positive staining severity was assessed as the ratio of the stained area to the entire field assessment.

5.10. Statistical analysis

Statistical analysis for the obtained data was performed using version 19 SPSS (Chicago, USA). The
normality of data was evaluated using the K-S (Kolmogorov-Smirnov) test, and then results with normally
distributed was checked by One-Way ANOVA and followed by Tukey’s procedure and are presented as the
mean * standard deviation (M1SD). Statistically significant differences were accepted as p < 0.05.

Acknowledgement: This research was supported by Student Research Committee and Molecular and Cell Biology Research
Center, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran [grant # IR.MAZUMS.REC.1397.5252].

Author contributions: Concept — A.K., F.T.A.; Design — F.T.A., A.K.; Supervision — F.T.A., A.K.; Resource — F.T.A., A.K.; Materials —
F.T.A.; Data Collection and/or Processing — M.H., S.Y.B.; Analysis and/or Interpretation - F.T.A.; Literature Search — A.K., F.T.A.,
M.H., S.Y.B.; Writing — F.T.A.; Critical Reviews —A.K., F.T.A., M.H., S.Y.B.

Conflict of interest statement: There is no conflict of interest in this study and publication.

REFERENCES

[1] Ahmadi-Naji R, Heidarian E, Ghatreh-Samani K. Evaluation of the effects of the hydroalcoholic extract of Terminalia
chebula fruits on diazinon-induced liver toxicity and oxidative stress in rats. Avicenna J Phytomed. 2017; 7(5) : 454-
466.

[2] Mohamed IK. Ameliorative effect of an aqueous mixture of cinnamon and ginger tea against hepatotoxicity induced
in rats by the insecticide diazinon: A histopathological and ultrastructural study. Int ] Pure App Biosci. 2017; 5(2): 56-
71. [CrossRef]

[3] Abdel-Daim MM. Synergistic protective role of ceftriaxone and ascorbic acid against subacute diazinon-induced
nephrotoxicity in rats. Cytotechnology. 2016; 68(2): 279-289. [CrossRef]

[4] Rashedinia M, Hosseinzadeh H, Imenshahidi M, Lari P, Razavi BM, Abnous K. Effect of exposure to diazinon on
adult rat’s brain. Toxicol Ind Health. 2016; 32(4): 714-720.

[5] Boussabbeh M, Salem IB, Hamdi M, Fradj SB, Abid-Essefi S, Bacha H. Diazinon, an organophosphate pesticide,
induces oxidative stress and genotoxicity in cells deriving from large intestine. Environ Sci Pollut Res. 2016; 23(3):
2882-2889.

[6] Beklar SY, Hamzeh M, Amiri FT, Sari I. Protective effect of Zingiber officinale against diazinon-induced heart injury
via suppression of oxidative stress. ] Mazandaran Univ Med Sci. 2018; 27(158): 15-26.

[7] Sargazi Z, Nikravesh MR, Jalali M, Sadeghnia HR, Rahimi Anbarkeh F. Apoptotic effect of organophosphorus
insecticide diazinon on rat ovary and protective effect of vitamin E. Iran ] Toxicol. 2016; 10(2): 37-44.

[8] Sakr SA, Abdelsamei HA. Protective effect of Ocmuim basilicum leaves extract on diazinon-induced reproductive
toxicity and oxidative stress in albino rats. Eur ] Pharm Med Res. 2015; 2(7): 375-383.

[9] Fattahi E, Parivar K, Jorsaraei SGA. The effects of diazinon on testosterone, FSH and LH levels and testicular tissue
in mice. Int ] Reprod Biomed. 2009; 7(2): 59-64.

[10] Sarabia L, Maurer I, Bustos-Obregon E. Melatonin prevents damage elicited by the organophosphorous pesticide
diazinon on the mouse testis. Ecotoxicol Environ Saf. 2009; 72(3): 938-942. [CrossRef]

[11] Oksay T, Naziroglu M, Ergiin O, Dogan S, Ozatik O, Armagan A, Ozorak A, Celik O. N-acetyl cysteine attenuates
diazinon exposure-induced oxidative stress in rat testis. Andrologia. 2013; 45(3): 171-177. [CrossRef]

[12] Ommati M, Tanideh N, Rezakhaniha B, Wang J, Sabouri S, Vahedi M, Dormanesh B, Hosseinabadi O, Rahmanifar F,
Moosapour S, Akhlaghi A, Heidari R, Zamiri M. Is immunosuppression, induced by neonatal thymectomy,
compatible with poor reproductive performance in adult male rats? Andrology. 2018; 6(1): 199-213. [CrossRef]

[13] Sharma P, Singh R. Dichlorvos and lindane induced oxidative stress in rat brain: Protective effects of ginger.
Pharmacogn Res. 2012; 4(1): 27-32. [CrossRef]

https://doi.org/10.12991/jrp.2019.128
J Res Pharm 2019; 23(2): 224-234
232


http://doi.org/10.18782/2320-7051.2787
https://doi.org/10.1007/s10616-014-9779-z
https://www.ncbi.nlm.nih.gov/labs/journals/int-j-reprod-biomed-(yazd)/new/2017-08-25/
https://doi.org/10.1016/j.ecoenv.2008.04.022
https://doi.org/10.1111/j.1439-0272.2012.01329.x
https://doi.org/10.1111/andr.12448
https://doi.org/10.4103/0974-8490.91031

Yaghubi Beklar et al. Journal of Research in Pharmacy

Effect of ginger on diazinon-induced testicular toxicity Research Article

(14]

(15]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

Bustus Obregon E, Gonzalez ], Espinoza O. Melatonin as protective agent for the cytotoxic effects of diazinon in the
spermatogenesis in the earthworm Eisenia foetida. Ital ] Anat Embryol. 2005; 110(2 Suppl 1): 159-165.

Pina-Guzman B, Solis-Heredia M, Quintanilla-Vega B. Diazinon alters sperm chromatin structure in mice by
phosphorylating nuclear protamines. Toxicol Appl Pharmacol. 2005; 202(2): 189-198. [CrossRef]

Shukla Y, Singh M. Cancer preventive properties of ginger: a brief review. Food Chem Toxicol. 2007; 45(5): 683-690.
[CrossRef]

Kunnumakkara AB, Koca C, Dey S, Gehlot P, Yodkeeree S, Danda D, Sung B, Bharat B. Traditional uses of spices: an
overview. In: Molecular targets and therapeutic uses of spices: modern uses for ancient medicine: World Scientific
Publishing, Co. Pte. Ltd, 2009, pp. 1-24. [CrossRef]

Thongchuai B, Narongchai P, Narongchai S, Panthong A, Lertprasertsuk N, Praputpittaya C. Effects of Zingiber
officinale Roscoe on methyl parathion intoxication in rats. Chiang Mai Med J. 2010; 49(3): 81-88.

Gan Z, Liang Z, Chen X, Wen X, Wang Y, Li M, Ni Y. Separation and preparation of 6-gingerol from molecular
distillation residue of Yunnan ginger rhizomes by high-speed counter-current chromatography and the antioxidant
activity of ginger oils in vitro. ] Chromatogr B. 2016; 1011: 99-107. [CrossRef]

Jeena K, Liju VB, Kuttan R. Antioxidant, anti-inflammatory and antinociceptive activities of essential oil from ginger.
Indian ] Physiol Pharmacol. 2013; 57(1): 51-62.

Haleagrahara N, Jackie T, Chakravarthi S, Rao M, Kulur A. Protective effect of Etlingera elatior (torch ginger) extract
on lead acetate-induced hepatotoxicity in rats. ] Toxicol Sci. 2010; 35(5): 663-671. [CrossRef]

Khushtar M, Kumar V, Javed K, Bhandari U. Protective effect of ginger oil on aspirin and pylorus ligation-induced
gastric ulcer model in rats. Indian ] Pharm Sci. 2009; 71(5): 554-558. [CrossRef]

[23] Ali DA, Abdeen AM, Ismail MF, Mostafa MA. Histological, ultrastructural and immunohistochemical studies on the

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

[34]

(35]

[36]

protective effect of ginger extract against cisplatin-induced nephrotoxicity in male rats. Toxicol Ind Health. 2015;
31(10): 869-880. [CrossRef]

Attyah AM, Ismail SH. Protective effect of ginger extract against cisplatin-induced hepatotoxicity and cardiotoxicity
in rats. Iraqi ] Pharm Sci 2017; 21(1): 27-33.

Amin A, Hamza AA. Effects of Roselle and Ginger on cisplatin induced reproductive toxicity in rats. Asian ] Androl.
2006; 8(5): 607-612. [CrossRef]

Onwuka FC, Erhabor O, Eteng M, Umoh I. Protective effects of ginger toward cadmium-induced testes and kidney
lipid peroxidation and hematological impairment in albino rats. ] Med Food. 2011; 14(7-8): 817-821. [CrossRef]

Morakinyo A, Achema P, Adegoke O. Effect of Zingiber officinale (Ginger) on sodium arsenite-induced reproductive
toxicity in male rats. Afr ] Biomed Res. 2010; 13(1): 39-45.

Zahedi A, Fathiazad F, Khaki A, Ahmadnejad B. Protective effect of ginger on gentamicin-induced apoptosis in testis
of rats. Adv pharm bull. 2012; 2(2): 197-200. [CrossRef]

Afifi E. Influence of ginger on some biochemical changes induced by diazinon pesticide or fat in male rats. Isot Radiat
Res. 2009; 41(4): 1027-1041.

Parréon T, Requena M, Hernandez AF, Alarcon R. Environmental exposure to pesticides and cancer risk in multiple
human organ systems. Toxicol Lett. 2014; 230(2): 157-165. [CrossRef]

Giordano G, Afsharinejad Z, Guizzetti M, Vitalone A, Kavanagh TJ, Costa LG. Organophosphorus insecticides
chlorpyrifos and diazinon and oxidative stress in neuronal cells in a genetic model of glutathione deficiency. Toxicol
Appl Pharmacol. 2007; 219(2): 181-189. [CrossRef]

Ahmed RS, Seth V, Pasha S, Banerjee B. Influence of dietary ginger (Zingiber officinales Rosc) on oxidative stress
induced by malathion in rats. Food Chem Toxicol. 2000; 38(5): 443-450. [CrossRef]

Shanmugam KR, Mallikarjuna K, Nishanth K, Kuo CH, Reddy KS. Protective effect of dietary ginger on antioxidant
enzymes and oxidative damage in experimental diabetic rat tissues. Food Chem. 2011; 124(4): 1436-1442. [CrossRef]

Stoilova I, Krastanov A, Stoyanova A, Denev P, Gargova S. Antioxidant activity of a ginger extract (Zingiber officinale).
Food Chem. 2007; 102(3): 764-770. [CrossRef]

El-Sharaky A, Newairy A, Kamel M, Eweda S. Protective effect of ginger extract against bromobenzene-induced
hepatotoxicity in male rats. Food Chem Toxicol. 2009; 47(7): 1584-1590. [CrossRef]

Zidan N. Evaluation of the reproductive toxicity of chlorpyrifos methyl, diazinon and profenofos pesticides in male
rats. Int ] Pharmacol. 2009; 5(1): 51-57.

https://doi.org/10.12991/jrp.2019.128
J Res Pharm 2019; 23(2): 224-234
233


https://doi.org/10.1016/j.taap.2004.06.028
https://doi.org/10.1016/j.fct.2006.11.002
https://doi.org/10.1142/9789812837912_0001
https://doi.org/10.1016/j.jchromb.2015.12.051
https://doi.org/10.2131/jts.35.663
https://dx.doi.org/10.4103%2F0250-474X.58195
https://doi.org/10.1177/0748233713483198
https://doi.org/10.1111/j.1745-7262.2006.00179.x
https://doi.org/10.1089/jmf.2010.0106
https://doi.org/10.5681/apb.2012.030
https://doi.org/10.1016/j.toxlet.2013.11.009
https://doi.org/10.1016/j.taap.2006.09.016
https://doi.org/10.1016/S0278-6915(00)00019-3
https://doi.org/10.1016/j.foodchem.2010.07.104
https://doi.org/10.1016/j.foodchem.2006.06.023
https://doi.org/10.1016/j.fct.2009.04.005

Yaghubi Beklar et al. Journal of Research in Pharmacy

Effect of ginger on diazinon-induced testicular toxicity Research Article

[37]

(38]

(39]

(40]

[41]

[42]

(43]

[44]

[45]

[46]

[47]

(50]

[51]

(52]

(53]

[54]

[55]

[56]

Rafieian-Kopaei M, Nasri H. The ameliorative effect of Zingiber officinale in diabetic nephropathy. Iran Red Crescent
Med J. 2014; 16(5). [CrossRef]

Rashidian A, Mehrzadi S, Ghannadi AR, Mahzooni P, Sadr S, Minaiyan M. Protective effect of ginger volatile oil
against acetic acid-induced colitis in rats: a light microscopic evaluation. ] Integr Med. 2014; 12(2): 115-120. [CrossRef]

Adamkovi¢ova M, Toman R, Cabaj M. Diazinon and cadmium acute testicular toxicity in rats examined by
histopathological and morphometrical methods. Slovak ] Anim Sci. 2010; 43(3): 134-140.

Latchoumycandane C, Chitra K, Mathur P. The effect of methoxychlor on the epididymal antioxidant system of adult
rats. Reproductive Toxicol. 2002; 16(2): 161-172. [CrossRef]

Sarabia L, Maurer I, Bustos-Obregon E. Melatonin prevents damage elicited by the organophosphorous pesticide
diazinon on mouse sperm DNA. Ecotoxicol Environ Saf. 2009; 72(2): 663-668. [CrossRef]

Salazar-Arredondo E, de Jests Solis-Heredia M, Rojas-Garcia E, Hernandez-Ochoa I, Quintanilla-Vega B. Sperm
chromatin alteration and DNA damage by methyl-parathion, chlorpyrifos and diazinon and their oxon metabolites
in human spermatozoa. Reproductive Toxicol. 2008; 25(4): 455-460. [CrossRef]

Soltaninejad K, Abdollahi M. Current opinion on the science of organophosphate pesticides and toxic stress: a
systematic review. Med Sci Monit. 2009; 15(3): RA75-RA90. [CrossRef]

Ngoula F, Watcho P, Dongmo M-C, Kenfack A, Kamtchouing P, Tchoumboué ]. Effects of pirimiphos-methyl (an
organophosphate insecticide) on the fertility of adult male rats. Afr Health Sci. 2007; 7(1): 3-9.

Recio R, Ocampo-Gémez G, Moran-Martinez ], Borja-Aburto V, Lopez-Cervantes M, Uribe M, Torres- Sanchez L,
Cebrian M. Pesticide exposure alters follicle-stimulating hormone levels in Mexican agricultural workers. Environ
Health Perspect. 2005; 113(9): 1160-1163. [CrossRef]

Omar-Ali A, Carr R, Petrie-Hanson L. Inhibition of plasma cholinesterase activity in alligator gar (Atractosteus spatula)
following chronic exposure to diazinon. ] Toxicol Pharmacol. 2017; 1:014.

Surh Y-]. Molecular mechanisms of chemopreventive effects of selected dietary and medicinal phenolic substances.
Mutat Res. 1999; 428(1): 305-327. [CrossRef]

Miliauskas G, Venskutonis P, Van Beek T. Screening of radical scavenging activity of some medicinal and aromatic
plant extracts. Food Chem. 2004; 85(2): 231-237. [CrossRef]

Silva MCAd, Paiva SR. Antioxidant activity and flavonoid content of Clusia fluminensis Planch. & Triana. An Acad
Bras Ciénc. 2012; 84(3): 609-616. [CrossRef]

Saemi F, Zamiri M, Akhlaghi A, Niakousari M, Dadpasand M, Ommati M. Dietary inclusion of dried tomato pomace
improves the seminal characteristics in Iranian native roosters. Poult Sci. 2012; 91(9): 2310-2315. [CrossRef]

Ommati M, Zamiri M, Akhlaghi A, Atashi H, Jafarzadeh M, Rezvani M, Saemi F. Seminal characteristics, sperm fatty
acids, and blood biochemical attributes in breeder roosters orally administered with sage (Salvia officinalis) extract.
Animal Prod Sci. 2013; 53(6): 548-554. [CrossRef]

Fathi H, Ebrahimzadeh MA, Ziar A, Mohammadi H. Oxidative damage induced by retching; antiemetic and
neuroprotective role of Sambucus ebulus L. Cell Biol Toxicol. 2015; 31(4-5): 231-239. [CrossRef]

Halder S, Sarkar M, Dey S, Bhunia SK, Koley AR, Giri B. Protective effects of red grape (Vitis vinifera) juice through
restoration of antioxidant defense, endocrine swing and Hsfl, Hsp72 levels in heat stress induced testicular
dysregulation of Wister rat. ] Therm Biol. 2018; 71: 32-40. [CrossRef]

Hamze M, TalebpourAmiri F, Hosseinimehr SJ. Toxic effect of cerium oxide nanoparticles on mice testis. |
Mazandaran Univ Med Sci. 2018; 27(157): 35-48.

Mirhoseini M, Amiri FT, Malekshah AAK, Gatabi ZR, Ghaffari E. Protective effects of melatonin on testis histology
following acute torsion-detorsion in rats. Int ] Reprod Biomed. 2017; 15(3): 141-146.

Naeimi RA, Amiri FT, Khalatbary AR, Ghasemi A, Zargari M, Ghesemi M, Zargari M, Ghasemi M, Hosseinimehr SJ.
Atorvastatin mitigates testicular injuries induced by ionizing radiation in mice. Reprod Toxicol. 2017; 72: 115-121.
[CrossRef]

This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.

https://doi.org/10.12991/jrp.2019.128
J Res Pharm 2019; 23(2): 224-234
234


https://doi.org/105812/ircmj.11324
https://doi.org/10.1016/S2095-4964(14)60011-X
https://doi.org/10.1016/S0890-6238(02)00002-3
https://doi.org/10.1016/j.ecoenv.2008.04.023
https://doi.org/10.1016/j.reprotox.2008.05.055
https://doi.org/10.12659/MSM.881922
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2366127/
http://ehp03.niehs.nih.gov/home.action
http://ehp03.niehs.nih.gov/home.action
https://dx.doi.org/10.1289%2Fehp.7374
https://doi.org/10.1016/S1383-5742(99)00057-5
https://doi.org/10.1016/j.foodchem.2003.05.007
https://doi.org/10.1590/S0001-37652012000300004
https://doi.org/10.3382/ps.2012-02304
https://doi.org/10.1071/AN12257
https://doi.org/10.1007/s10565-015-9307-8
https://doi.org/10.1016/j.jtherbio.2017.10.011
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5447830/
https://doi.org/10.1016/j.reprotox.2017.06.052
http://dspace.marmara.edu.tr/

