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Information Abstract 

Article Type: 

Original Article 

Background and Objectives: The widespread use of the organophosphate 

pesticide diazinon has raised concerns about its possible harmful effects on 

reproductive health. This study aimed to examine the protective effects of 

pistachio pericarp essential oil against uterine damage and oxidative stress caused 

by diazinon in mice.  

Materials and Methods: Six groups were formed: control, corn oil vehicle, 

diazinon, diazinon with 5% pistachio extract, diazinon with 10% pistachio extract, 

and 10% pistachio extract alone. After 28 days of daily gavage treatments, uterine 

tissues were collected for histomorphometric analysis and assessment of oxidative 

stress markers like MDA and SOD.  

Results: Diazinon significantly raised malondialdehyde (MDA) levels and 

lowered superoxide dismutase (SOD) activity compared to the control, indicating 

heightened oxidative stress. It also decreased endometrial thickness and uterine 

diameter, suggesting structural damage. Importantly, treatments with pistachio 

extract, especially at 10%, effectively alleviated these negative effects, reducing 

MDA levels, increasing SOD activity, and improving uterine tissue morphology. 

Conclusion: The results indicate that diazinon may impair fertility by causing 

oxidative stress and uterine tissue damage. Conversely, pistachio pericarp extract 

offers protective benefits, likely due to its antioxidant properties. This study 

underscores the potential of natural extracts to counteract the reproductive toxicity 

of pesticides. 
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1. Introduction 
Pesticides have dramatically increased food 

production, addressing the needs of a growing 

world, but their widespread use has created 

major environmental problems. While designed 

to enhance crop yields and protect against pests, 

the heavy reliance on these chemicals has 

resulted in their excessive use, turning them into 

a widespread environmental threat [1]. This 

overdependence has contaminated soil, water, 

and air, harmed ecosystems, and endangered 

non-target organisms [2]. Diazinon, a commonly 

used organophosphate insecticide, exemplifies 

this issue. Its long-lasting presence in the 

environment and ability to be absorbed through 

the skin and transformed into toxic metabolites 

in the liver pose a considerable threat to human 

and animal well-being. Diazinon's effects go 

beyond basic toxicity, as it can disrupt normal 

cell processes, induce genetic changes, stop 

crucial cell division, cause fetal abnormalities, 

inhibit DNA synthesis, and even initiate 

programmed cell death in various tissues [3]. 

The pervasive impact of pesticides, 

particularly those like diazinon, extends beyond 

general environmental contamination, targeting 

specific organs and systems within living 

organisms [4]. The uterus, a critical component 

of the female reproductive system essential for 

implantation, gestation, and successful 

reproduction, is among the vulnerable targets 

increasingly recognized as susceptible to the 

adverse effects of pesticide exposure [4]. Several 

studies have documented the detrimental 

influence of diazinon and similar toxins on 

reproductive systems, revealing a disturbing 

pattern of increased abnormalities. These 

abnormalities manifest in various forms, ranging 

from disruptions in hormonal balance [5] and 

alterations in uterine tissue structure to 

compromised implantation and fetal 

development [6, 7]. Furthermore, research 

indicates that these toxins can interfere with the 

delicate interplay of cellular processes within the 

uterus, potentially leading to impaired fertility 

and adverse pregnancy outcomes [8]. The 

observed increase in reproductive abnormalities 

underscores the urgent need to understand the 

precise mechanisms through which these 

pesticides exert their toxic effects on the uterus 

and to develop strategies for mitigating their 

impact on reproductive health. 

For centuries, across diverse cultures, 

medicinal plants have played a vital role in 

therapeutic practices, offering natural remedies 

for a multitude of ailments. Pistachios, a nut 

revered not only for its culinary appeal but also 

for its medicinal properties, stand as a testament 

to this historical reliance on botanicals [9, 10]. 

These nuts are a treasure trove of bioactive 

compounds, notably potent antioxidants like 

tocopherols [11], flavonoids [12], and 

carotenoids [11], as well as anti-inflammatory 

agents such as unsaturated fatty acids and 

polyphenols [10, 13]. These compounds work 

synergistically to combat oxidative stress and 

quell inflammatory responses, which are 

implicated in the pathogenesis of numerous 

diseases [14, 15]. 

Pistachios, supported by modern research, 

show potential for treating various health issues, 

particularly those involving hormone regulation 

(steroidogenesis) [16]. The often-discarded 

pistachio green peel is a rich source of beneficial 

compounds, exceeding the kernel's content, 

highlighting the value of exploring agricultural 

byproducts for therapeutic use [10]. The uterus 

is susceptible to oxidative damage due to its 

cyclical changes and hormonal fluctuations. 
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Pistachio compounds, like limonene, with their 

antioxidant properties [17], may protect the 

uterus by neutralizing free radicals, suggesting 

potential therapeutic applications for supporting 

uterine health. 

The objective of this research is to evaluate 

the impact of pistachio pericarp essential oil on 

the structural integrity, oxidative stress markers, 

and apoptotic activity within the uterine tissue of 

adult female NMRI mice exposed to diazinon. If 

the pistachio pericarp essential oil positively 

influences tissue changes, reduces oxidative 

stress levels, and decreases the number of 

apoptotic cells in these mice, it may be 

recognized as a potential substance containing 

antioxidant compounds to protect the female 

reproductive system from the adverse effects of 

pesticides, pending further investigation. 

2. Materials and Methods 

2.1. Preparation of Pistachio pericarp 

essential oil 

The research team obtained the pistachio 

pericarp essential oil from Mr. Seyed 

Mohammad Bagher Marashi, who holds patent 

number 86343 for its extraction ('Process for 

extracting essential oil or aromatic oil from 

pistachio pericarp'). 

2.2. Ethical Approval 

This research project received approval from 

the Ethics Committee of Rafsanjan University of 

Medical Sciences, under ethics code 

IR.RUMS.REC.1402.022 and animal care 

throughout the study followed the established 

standards for laboratory animal welfare, as 

detailed in the Guide for the Care and Use of 

Laboratory Animals (NIH Publication No. 8023, 

revised 1978).  

2.3. Animals and Treatments 

Adult female NMRI mice (n=48) with 

weights of approximately 25 ± 5 grams were 

procured from the animal house of Rafsanjan 

University of Medical Sciences. These mice 

were randomly allocated to six groups, each 

containing eight individuals, and monitored for 

28 days [18]. They were housed in clean cages 

under controlled conditions, specifically a 

temperature of 22-24 ℃ and a 12-hour light/dark 

cycle, and provided with ad libitum access to 

standard rodent chow and water. 

The mice were divided into six experimental 

groups, each containing eight individuals, with 

the following treatments: 

Group 1 (Control): Healthy mice receiving no 

treatment. 

Group 2 (Oil): Mice were administered 10 

mg/kg of corn oil every 24 hours via gavage. 

Group 3 (Diz): Mice were administered 30 

mg/kg of diazinon every 24 hours via gavage. 

Group 4 (5% Pis+Diz): Mice were 

administered 30 mg/kg of diazinon every 24 

hours and 100 µL/kg of 5% pistachio pericarp 

essential oil every 24 hours via gavage. 

Group 5 (10% Pis+Diz): Mice were 

administered 30 mg/kg of diazinon every 24 

hours and 100 µL/kg of 10% pistachio pericarp 

essential oil every 24 hours via gavage. 

Group 6 (10% Pis): Healthy mice were 

administered 100 µL/kg of 10% pistachio 

pericarp essential oil every 24 hours via gavage. 

At the study's outset, estrous cycles and 

weights were evaluated to ensure consistent 

physiological baselines. Vaginal lavage samples 

were examined microscopically to confirm 

estrous cycle synchronization, identifying 
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proestrus, estrus, metestrus, and diestrus stages 

within the expected four- to five-day cycle. 

Vaginal smear analysis validated estrous cycle 

synchronization, with uniform presence of 

epithelial, leukocyte, and cornified cells across 

all groups, confirming successful 

synchronization [19]. 

To evaluate the chronic impact of diazinon 

and the experimental treatment, the study was 

conducted over 28 days, equivalent to seven 

mouse estrous cycles, as this duration falls 

within the reported range of one week to three 

months for laboratory animal studies [18]. After 

this period, the uteri of the euthanized mice were 

collected and subjected to histological 

processing. This involved initial fixation in 

Bouin's solution, followed by dehydration, 

embedding, thin sectioning, and specific 

staining. The resulting tissue sections were 

mounted on slides and examined under a light 

microscope, with images subsequently recorded. 

2.4. Histological evaluation 

Uterine tissue morphology was assessed 

using hematoxylin-eosin (H&E) staining, 

including measurements of uterine diameter and 

endometrial thickness. The process included: 

sequential dehydration in graded alcohols, 

paraffin embedding with labeled group numbers 

and precise sample orientation, microtome 

sectioning followed by wrinkle removal and 

slide mounting, H&E staining with dewaxing, 

and light microscopy examination. 

Morphometric data were then compared across 

experimental groups [20]. 

2.5. Examination of Apoptosis Rate 

To assess the level of apoptosis, the Cell 

Death Detection kit from Roche was used. This 

kit labels the free 3' OH DNA ends with 

fluorescence duTP using terminal 

deoxynucleotidyl transferase (TdT). Then, an 

anti-fluorescein POD antibody conjugated with 

peroxidase (Horseradish Peroxidase = HRP) was 

used, and diaminobenzidine was used as a 

substrate to visualize POD. The slides were 

incubated with the TUNEL reaction mixture for 

60 minutes in a humid environment at 73 degrees 

Celsius and then washed twice in PBS. After 

several washes, diaminobenzidine (DAB) was 

added for 10 minutes at room temperature. Then, 

they were washed in PBS and mounted on slides 

for light microscope study. The number of 

TUNEL-positive cells in the tissue samples was 

counted in the different groups [20]. 

2.6. Measurement of Oxidative Stress 

2.6.1. Malondialdehyde (MDA) Test  

To assess lipid peroxidation in uterine tissue, 

MDA levels were measured using the 

thiobarbituric acid (TBA) method. A 

homogenate of uterine tissue (1 mL) was mixed 

with 10% KCl and then with 2 mL of TBA 

reagent. The resulting solution was heated to 

100°C for 15 minutes and subsequently 

centrifuged at 10,000 rpm for 10 minutes. After 

cooling, the absorbance of the supernatant was 

read at 550 nm using an ELISA reader (Biottech-

ELX-808iu). Protein content was determined via 

the Bradford assay, and MDA levels were 

expressed as nanomoles per milligram of protein 

[21]. 

2.6.2. Superoxide Dismutase (SOD) Test 

The activity of SOD was measured using a kit 

from Zell Bio GmBh (Germany, Cat. No. Z185-

S), adhering to the manufacturer's instructions. 

The assay utilizes the superoxide radical 

scavenging activity of SOD. Superoxide 

radicals, generated through the 

xanthine/xanthine oxidase system, react with 

nitro blue tetrazolium (NBT) to produce a purple 
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formazan product (NBTH2). SOD in the sample 

competes with NBT for superoxide radicals, 

thereby inhibiting NBTH2 formation. The extent 

of this inhibition, quantified by measuring the 

absorbance change at 560 nm, reflects SOD 

activity. The results are presented as the 

percentage inhibition of NBTH2 production, 

expressed in millimoles per minute [22]. 

3. Results 

3.1. Histological analysis 

Analysis of endometrial thickness revealed 

that the Diz, 5% Pis+Diz, and 10% Pis+Diz 

groups exhibited significantly lower thickness 

than the control and 10% Pis (P=0.001) (Figure 

1-A and Figure 2). Uterine diameter 

measurements revealed that the Diz and 5% 

Pis+Diz groups exhibited significantly smaller 

diameters than the control and 10% Pis groups 

(P=0.001). The 10% Pis+Diz group also showed 

a decrease in diameter compared to the control 

group (Figure 1-B and Figure 2). Analysis of 

apoptotic cell counts in uterine tissue revealed 

that the diazinon group exhibited the highest 

number of apoptotic cells across all groups. 

Specifically, the Diz and 5% Pis+Diz groups 

demonstrated a statistically significant increase 

in apoptotic cells compared to both the control 

and 10% Pis groups (P=0.001). Conversely, the 

10% Pis+Diz group shows a statistically 

significant difference in apoptotic cell counts 

when compared to the control and 10% Pis 

groups (Figure 1-C and Figure 3).

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 1. Endometrial and total diameters and TUNEL assay were assayed after mice treatment with 30 mg/kg/day 

diazinon (Diz), 30 mg/kg/day diazinon + 5% pistachio pericarp essential oil (5% Pis+Diz), 30 mg/kg/day 

diazinon + 10% pistachio pericarp essential oil (10% Pis+Diz) and 10% pistachio pericarp essential oil (10% Pis 

) for 28 days. The control group obtained only a routine diet and water and the sham group orally received 10 

mg/kg/day corn oil throughout 28 days. 

The data are given as the mean ±SD. 

p value is *: p≤0.05, **: p≤0.001. 
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Fig 2. Histological changes in uterus tissue after hematoxylin and eosin staining in control and experimental 

mice. The endometrial diameter (yellow arrow) and total diameter (black arrow) were determined by measuring 

two perpendicular diameters in each uterine horn. 

Control, Healthy mice receiving no treatment; Oil: Mice were administered 10 mg/kg of corn oil; Diz, Mice 

were administered 30 mg/kg of diazinon; 5% Pis+Diz, Mice were administered 30 mg/kg of diazinon and 100 

µL/kg of 5% pistachio pericarp essential oil; 10% Pis+Diz, Mice were administered 30 mg/kg of diazinon and 

100 µL/kg of 10% pistachio pericarp essential oil; 10% Pis, Healthy mice were administered 100 µL/kg of 10% 

pistachio pericarp essential oil. 

 

Fig 3. TUNEL assay was performed to detect apoptotic cells (yellow circles). Control, Healthy mice receiving 

no treatment; Oil: Mice were administered 10 mg/kg of corn oil; Diz, Mice were administered 30 mg/kg of 

diazinon; 5% Pis+Diz, Mice were administered 30 mg/kg of diazinon and 100 µL/kg of 5% pistachio pericarp 

essential oil; 10% Pis+Diz, Mice were administered 30 mg/kg of diazinon and 100 µL/kg of 10% pistachio 

pericarp essential oil; 10% Pis, Healthy mice were administered 100 µL/kg of 10% pistachio pericarp essential 

oil. 
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3.2. MDA Level 

Analysis of MDA levels, an indicator of 

oxidative stress, revealed that the Diz and 5% 

Pis+Diz groups exhibited significantly elevated 

MDA levels compared to both the control 

and10% Pis groups (P=0.001). In contrast, the 

10% Pis+Diz group did not demonstrate a 

statistically significant increase in MDA levels 

when compared to the control groups (P>0.05) 

(Figure 4-A). 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. Malondialdehyde (MDA) Test and Superoxide Dismutase (SOD) were assayed after mice treatment with 

30 mg/kg/day diazinon (Diz), 30 mg/kg/day diazinon + 5% pistachio pericarp essential oil (5% Pis+Diz), 30 

mg/kg/day diazinon + 10% pistachio pericarp essential oil (10% Pis+Diz) and 10% pistachio pericarp essential 

oil (10% Pis ) for 28 days. The control group obtained only a routine diet and water and the sham group orally 

received 10 mg/kg/day corn oil throughout 28 days. 

The data are given as the mean ±SD. 

p value is *: p≤0.05, **: p≤0.001.

3.3. SOD Level 

Statistical analysis of SOD levels revealed a 

significant decrease in the Diz group compared 

to both the control and 10% Pis groups 

(P=0.001). The 5% Pis+Diz group exhibits a 

statistically significant decrease in SOD levels 

when compared to the control and 10% Pis 

groups (Figure 4-B). 

3.4. Statistical analysis  

Statistical analyses were performed with IBM 

SPSS Statistics 22 and GraphPad Prism (v. 

8.4.3). To assess the significance of differences 

between group means, a one-way analysis of 

variance (ANOVA) was conducted, 

supplemented by a Tukey post hoc test for 

multiple comparisons. Results are reported as 

mean ± standard error of the mean (SEM), with 

statistical significance defined as p < 0.05. 

4. Discussion 

This study examined the harmful effects of 

diazinon on mouse uterine tissue, specifically 

oxidative stress markers, apoptosis, and 

structural alterations, while also assessing the 

potential protective role of pistachio pericarp 

essential oil. The results indicated that diazinon 

significantly elevated MDA levels and reduced 

SOD activity in uterine tissue, confirming 

oxidative stress. This aligns with existing 
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research highlighting the pro-oxidant properties 

of organophosphate insecticides. 

Our results align with observations from 

Sargazi et al. [23], Erthal-Michelato et al. [24], 

and Zarein et al. [25], who reported increased 

MDA levels in ovarian and uterine tissues 

following exposure to diazinon, endosulfan, and 

malathion, respectively. Similarly, studies by 

Bohlool et al. (133), Abou Hasan et al. [26], 

Sargazi et al. [27], and Ahmadi et al.  [28] 

corroborate our findings regarding the reduction 

of SOD activity upon diazinon exposure. These 

studies collectively highlight the ability of 

organophosphate insecticides to disrupt the 

oxidant/antioxidant balance, leading to oxidative 

damage across various tissues. 

Diazinon exposure significantly increased 

apoptotic cells in the mouse uterine tissue. This 

novel finding, the first to evaluate diazinon-

induced uterine apoptosis and the protective 

effects of pistachio pericarp essential oil, likely 

results from diazinon-induced oxidative stress. 

Reactive oxygen species can trigger 

mitochondrial dysfunction, cytochrome C 

release, and caspase activation, culminating in 

cell death [29]. 

Notably, our findings also revealed a 

significant reduction in endometrial thickness 

and uterine diameter in diazinon-exposed 

groups. This suggests a potential disruption of 

the hypothalamic-pituitary-ovarian axis, as 

evidenced by previous studies showing that 

organophosphates can affect LH levels and 

steroidogenesis [30, 31] . Given the critical role 

of sex hormones in endometrial growth and 

function [32-34]. The observed reduction in 

endometrial thickness likely reflects an 

imbalance in estrogen, progesterone, LH, and 

FSH levels. 

These findings are consistent with the broader 

body of research highlighting the detrimental 

effects of pesticide exposure on female 

reproductive health. Mona et al. [35] reported a 

strong association between organophosphate 

pesticide exposure and recurrent miscarriages, 

attributing this to increased oxidative stress and 

apoptosis in the placenta. Similarly, Zhou et al. 

[36] found that organophosphates disrupt 

endometrial reconstruction by inhibiting key 

molecular pathways in the uterine decidua, 

crucial for fetal growth and maintenance. El 

Mazoudy et al. [37] also documented reduced 

uterine weight and impaired endometrial 

development in rats exposed to diazinon, and 

Sheffield et al. [38] reported uterine dysfunction 

in mice. However, it is important to note that 

Johari et al. [39] did not find significant changes 

in uterine tissue after diazinon exposure, 

highlighting potential variations in study design, 

dosage, or exposure duration. 

Conversely, Davis et al. [40] suggested that 

fruit and vegetable consumption, despite 

potential pesticide residues, may be associated 

with a lower risk of uterine fibroids due to their 

antioxidant properties. This aligns with our 

findings regarding the protective effects of 

pistachio pericarp essential oil, which is rich in 

antioxidants. 

Indeed, our study demonstrated that pistachio 

pericarp essential oil effectively mitigated the 

detrimental effects of diazinon. Specifically, 

10% pistachio pericarp essential oil significantly 

reduced MDA levels and increased SOD activity 

compared to the diazinon-exposed groups, 

demonstrating its potent antioxidant properties. 

This is consistent with Taghizadeh et al. [41], 

who reported the free radical scavenging activity 

of pistachio pericarp essential oil. Moreover, 

pistachio pericarp essential oil reduced the 
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number of apoptotic cells and improved 

endometrial thickness, suggesting its protective 

role against diazinon-induced uterine tissue 

damage. This is further supported by 

Poormoosavi [42], who showed that Pistacia 

atlantica pistachio peel extract improved 

antioxidant activities and uterine structure in 

diabetic mice. 

Finally, Lerro et al. [43] reported an increased 

risk of uterine cancer in women occupationally 

exposed to organophosphate pesticides. This 

highlights the long-term implications of 

pesticide exposure on female reproductive 

health and underscores the importance of 

developing strategies to mitigate these risks. 

While our study yielded results consistent 

with existing research and provided a solid 

foundation for further investigation, it was not 

without limitations. We did not assess sex 

hormone levels (LH and FSH), nor did we 

evaluate implantation and fertility rates in the 

mice. Consequently, future studies should 

incorporate these parameters to provide a more 

comprehensive understanding of diazinon's 

effects and the protective mechanisms of the 

pistachio pericarp essential oil . Additionally, 

exploring the underlying molecular pathways 

would greatly enhance our understanding of 

both diazinon's toxicity and the pistachio 

pericarp essential oil mechanism of action. 

Therefore, we recommend that future research 

designs include molecular pathway analysis. 

5. Conclusion 

In conclusion, our study offers significant 

evidence regarding the harmful effects of 

diazinon on uterine tissue and highlights the 

potential protective role of pistachio pericarp 

essential oil. These findings contribute to the 

increasing interest in natural products as 

therapeutic agents to reduce pesticide-induced 

reproductive toxicity. Future research should 

aim to clarify the specific mechanisms through 

which pistachio pericarp essential oil operates, 

examine its impact on sex hormone levels, and 

assess its effectiveness in clinical settings. 
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