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Introduction 

Infertility is one of the important issues in medical 

science. A couple being unable to achieve pregnancy after 

one year of intercourse without the use of contraceptives 

can be considered to be showing signs of infertility.1 In 

40% of couples, infertility is related to men, and as sperm 

disorders are the causes of male infertility; the importance 

of correcting these disorders is necessary to help the 

fertility of the couples.1 In recent years, treatment with 

medicinal herbs with the lowest cost and side effects has 

been considered.2 Some plants stimulate spermatogenesis 

and increase fertility, while some cause spermatogenesis 

arrest.2 

Pistacia atlantica is a species of pistachio, which has 

strong antioxidant properties due to the presence of 

phenolic compounds (phenolic acids, flavonoids and 

tannins).3-6  Bene can be found on the Mediterranean 

coast, Turkey, Iran, Central Asian countries, and Africa. 

This plant grows extensively in Iran between Kurdistan 

and the Fars Provinces. Bene is used in treating throat 

infection, kidney stones, asthma, as well as in the 

treatment of hypertension, coughing, stomachache, and 

jaundice.3-6 In addition, it has antibacterial, anti-fungal, 

and anti-parasitic properties.7-9 Rigane et al. reported that 

bene has high levels of tocopherol and beta-carotene, 

which produce its high antioxidant properties. In addition, 

the presence of steroids, terpenesides, anthocyanins, 

tannins, coumarins, proteins, amino acids, flavonoids, 

phytosterols and carbohydrates were confirmed in 

bene.10,11 Gholami et al., in 2016, investigated the effect 

of bene on colitis in rats. The results showed that the 

administration of bene improved the intestinal 

histopathology and decreased the oxidative stress marker 

level compared to the control group.12 In 2017, Heidarian 
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fertility have not been studied. The aim of this study was to investigate the effects of bene 

on sperm parameters, testicular histopathology, sperm quality, and oxidative stress in 

busulfan-induced infertile mice. 

Methods: Thirty-five male BALB/c mice were randomly assigned to control, sham, 

busulfan, bene, and bene + busulfan groups. The busulfan group received 10 mg/kg as a 

single dose and intraperitoneally. The bene group received pellets containing 10% of bene. 

Another group received 10 mg/kg busulfan and was fed with pellet containing 10% bene. 

Then, sperms, sperm chromatin quality, testicular histopathology, and oxidative stress 

levels were studied on the 35th day of the experiment.  

Results: Busulfan injection resulted in a significant reduction in sperm parameters 

compared to the control group (p<0.001); it decreased after bene administration (p<0.001). 

In addition, in the group treated with bene, the sperm count with damaged DNA was 

reduced and the level of malondialdehyde decreased compared to the busulfan group. A 

significant increase was observed in the mean level of superoxide dismutase and catalase 

enzymes in the bene + busulfan group compared to the busulfan group (p<0.001). The 

histopathological improvement of the testis was observed in the bene + busulfan group. 

Conclusion: The administration of 10 mg/kg of bene powder for 35 days reduced the 

oxidative stress, improved testicular histopathology, sperm chromatin quality, and sperm 

parameters in the infertile mice model. 
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et al. evaluated the effects of hydroalcoholic extracts of 

different types of bene on gentamicin induced 

nephrotoxicity in rats.13 The results showed that the 

administration of bene increased catalase, superoxide 

dismutase, vitamin C, and improved histopathology of the 

kidney. It caused a reduction in urea, uric acid, creatinine, 

and malondialdehyde levels.13 Tolooei et al. reported the 

protective effects of bene on the erythrocyte membrane, 

oxidative stress, and hepatocyte cells in rats treated with 

CCl4. Bene reduced free radicals and prevented liver 

damage by reducing the level of MDA and increasing the 

level of superoxide dismutase and catalase enzymes.14 

Our investigation showed that no study had been done so 

far on the effects of pistacia atlantica on male fertility. 

Hence, the aim of this study was to investigate the effects 

of bene on sperm parameters, testicular histopathology, 

sperm quality, and oxidative stress in busulfan-induced 

infertile mice. 
 

Methods and Materials  

After receiving the approval of the Ethics Committee of 

Mashhad University of Medical Sciences (code 

IR.MUMS.fm.REC.1397.96), 35 BALB/c male rats were 

randomly assigned to control, sham, busulfan, bene, and 

bene + busulfan groups. The control group received no 

injections. The sham group received a single dose of 

busulfan solvent (DMSO), intraperitoneally. The 

busulfan group received a single dose of 10 mg/kg 

intraperitoneally.15  

The bene group received a diet (pellet) containing 10% 

bene. Another group received 10 mg/kg busulfan and was 

fed with pellet containing 10% bene based on pilot study. 

Then, sperms, sperm chromatin quality, testicular 

histopathology, and oxidative stress levels were analyzed 

on the 35th day the experiment. 
 

Sperm analysis  

To evaluate the sperm parameters, the epididymis was 

isolated and its crushed pieces were placed in phosphate 

buffer saline and put in a CO2 incubator for 30 minutes. 

Then, the sperm count, motility, percentage of normal 

morphology, and sperm viability were investigated 

according to the WHO guidelines using neubar.16 
 

Histopathological examination  
After opening the abdominal cavity, it was placed in a 

fixative solution, and dehydration and clearing were 

performed by passing alcohol and xylene, respectively. 

Then, the tissues were molded and cut and stained with 

hematoxylin-eosin. The sample was examined after 

staining by a pathologist with an optical microscope.17 

 

Evaluation of the sperm chromatin quality 
After fixing the sperms, samples were stained with 0.19% 

of acridine orange solution in a citrate phosphate buffer 

with pH = 2.5 for 10 minutes. Then, it was examined 

using a fluorescence microscope and a suitable filter. By 

counting 200 sperm per slide, the percentage of sperm 

with natural DNA (green), with denatured DNA (red), and 

intermediate state (yellow) were recorded. 

Measuring malondialdehyde levels 

At first, the TBA solution was prepared. For this purpose, 

15 g of Trichloroacetic acid (TCA), 2 ml of hydrogen 

chloride (10 Normal) and 375 mg thiobarbituric acid were 

mixed with 100 CC of distilled water. Then, it was placed 

under a temperature of 50 °C for 2 hours to completely 

dissolve, and then a 10% homogenous solution was 

prepared from the tissue using 1.5% potassium chloride. 

One ml of a homogeneous tissue solution with 2 ml of the 

reagent TBA was mixed, and then the solution was heated 

at 50 min. 3 cc from the TBA reagent added to blank tube. 

After cooling, 25 μl of hydrogen chloride (pH = 1.6-1.7) 

was added to tubes. A 1.5 mL solution of n-butanol was 

added to each tube. Then, tubes were centrifuged at 1000 

rpm for 10 minutes. The supernatant was removed from 

the deposited sediment, and absorbance was read using 

the spectrophotometer at 532 nm and then the 

malondialdehyde (MDA) concentration was expressed in 

terms of nmol / gram of testicular tissue.18 

 

Measuring thiol levels 

 Tris-EDTA buffer was prepared at a concentration of 10 

mM. 3 g of tris with 0.05 g EDTA and 100 ml of distilled 

water mixed. pH was reached 8.2 by adding hydrogen 

chloride and placing in a refrigerator. One mL of Tris-

EDTA buffer was added to 50 μl of homogenized 

testicular tissue and read at 412 nm using a 

spectrophotometer (A1). The absorbance of the DTNB 

solution (5, 5’-dithiobis-2-nitrobenzoic acid) was 

considered as Blank (B). To prepare DTNB, 0.0396 g 

DTNB was mixed with methanol. The DTNB solution 

should be used as soon as it is ready. Then, 20 μl of the 

DTNB reagent was added to the solution and after 10 

minutes incubation at room temperature, the absorption 

was re-evaluated (A2).  

The following formula was used to calculate the 

concentration of thiol per µmol /g.18 

𝑇ℎ𝑖𝑜𝑙 = 𝐴2 − 𝐴1 − 𝐵 ×
1.07 

0.05×13.6
                          Eq. (1) 

 

Measuring superoxide dismutase enzyme levels 

First, 10 mM of phosphate buffer was prepared with the 

pH of 7. 0.024 g KH2PO4 was distilled in 100 ml of water, 

then 0.144 g of NA2HPO4 was dispensed in 100 ml of 

distilled water; then, 0.8 g of NACL was dispensed in 100 

ml of distilled water. 200 μl 1 mM EDTA was used, and 

these four solutions were combined and considered as the 

phosphate buffer. 0.005 g MTT [3-(4, 5-dimethyl-thiazol-

2-yl) 2, 5-diphenyl tetrazolium bromide] was mixed with 

1 ml of deionized water. Then 100 μl of it was mixed with 

900 μl of deionized water. 0.001 g of pyrogallol was 

mixed with 10 ml of deionized water and stored in a dark 

container. To test 60 μL of the sample, + 15 μl of 

pyrogallol and + 6 μl of MTT were mixed and the 

microplate was placed in the dark for 5 minutes. After 

that, 150 μl of DMSO was added to the wells and the 

absorbance of the solution obtained at 570 nm wavelength 

was measured using ELISA and was reported in 

international unit/ grams of tissue.18 
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Table 1. The effect of bene powder administration on sperm parameters in different groups. 

Group  Sperm count (million/ mL) Normal morphology rate (%)  Sperm viability (%) Motility Sperm (%)  

Control  4.50 ± 0.30 88.35 ± 4.13 88.76 ± 3.12 79.72 ± 5.82 
Sham  4.33 ± 0.37 84.61 ± 3.54#+ 85.86 ± 4.84#+ 78.17 ± 6.69#+ 
Busulfan   4.20 ± 0.62 68.30 ± 5.78* 59.69 ± 3.12* 50.13 ± 5.79* 
Bene 4.56 ± 0.33 88.50 ± 3.20#+ 89.50 ± 3.20#+ 80.87 ± 6.03#+ 
Bene + Busulfan 4.27 ± 0.47 77.62 ± 2.61*# 75.00 ± 2.87*# 65.00 ± 2.87*# 

* (p<0.001): Significant difference with control group  
# (p<0.001): Significant difference with busulfan group  
+ (p<0.001): Significant difference with bene + busulfan 

 

 
Figure 1. Transverse sections of seminiferous tubules in different groups using hematoxylin and eosin staining; Magnification 
× 400. A. Control group, B. sham group, C. busulfan group, D. bene group, E. bene + busulfan group. 

 

Measuring catalase enzyme levels 

First, 10 mM of phosphate buffer was prepared with the 

pH of 7.0.024 g KH2PO4 was distilled in 100 ml of water; 

then, 0.144 g of NA2HPO4 was dispensed in 100 ml of 

distilled water and then 0.8 g NACL was dispensed in 100 

ml of distilled water. 200 μl 1 mM EDTA was used, and 

these four solutions were combined and considered as the 

phosphate buffer. 100 μl of H2O2 hydrogen peroxide and 

30% to 900 μl of phosphate buffer was added with the pH 

of 7 and covered with foil (solution 2). 80 μl of the 

solution 2 was added to 2.5 ml of phosphate buffer with 

the pH of 7 (solution 3). In cuvette, 40 μl of homogenized 

tissue was diluted 1 to 10 with 650 μl of the solution 3. 

The absorption changes were immediately read at 240 nm 

by the spectrophotometer (A1). After 2 minutes, the 

absorbance was read (A2).18 

𝐶𝐴𝑇 = (𝐴1 − 𝐴2) × 0.73/(0.0436 × 0.08)                    Eq. (2) 

 

Statistical analysis 
Data was presented as the percentage and mean ± standard 

deviation. SPSS software, ANOVA, and TUKEY post-

test were used for data analysis. 

 

Results 

Sperm parameters 

According to Table 1, the mean value of sperm motility 

was 79.72 ± 5.82 in the control group, whereas, after 

receiving 10 mg/kg of busulfan, sperm motility decreased 

significantly (50.13 ± 5.79). The sperm motility was 

significantly increased in the sham, bene and the bene + 

busulfan groups compared to the busulfan group 

(p<0.001). Statistical analysis showed a significant 

increase in sperm motility in the bene group compared to 

the bene + busulfan (p<0.001). Busulfan injection caused 

a significant decrease in the percentage of the normal 

sperm morphology and viability compared to the control 

group (p<0.001). Bene administration reversed this 

decrease and caused a significant increase in normal 

sperm morphology and the viability rate compared to that 

of the busulfan group (p<0.001). Statistical analysis 

showed a significant increase in the percentage of 

viability and the normal morphology of sperm in the bene 

group compared with the bene + busulfan group 

(p<0.001). 
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Testicular histopathology  

Histological examination of the busulfan treated mice 

revealed remarkable reduction in the thickness of 

germinal epithelium, leydig cell hyperplasia, edema, and 

congestion (Figure 1).  

The histology of seminiferous tubules was normal in the 

bene group. Mild edema and congestion was observed in 

some seminiferous tubules. Bene + busulfan treated rats 

showed edema, congestion, as well as little decrease in the 

thickness of germ cell epithelium in some seminiferous 

tubules (Figure 1). 

Black arrow shows seminiferous tubules and white arrow 

shows leydig cells in control group. Arrow shows 

remarkable reduction in the thickness of germinal 

epithelium in busulfan group. Quadrate arrow shows mild 

edema between normal seminiferous tubules in bene 

group. Black arrow shows little reduction in the thickness 

of germinal epithelium in some seminiferous tubules and 

white arrow shows congestion in bene + busulfan group.  

 

Sperm chromatin quality  

Figure 2 shows the images of sperm DNA damage in 

different groups with acridine orange staining. The 

percentage of sperms with damaged DNA in the control 

group was 3.3 ± 1.52, whereas, after receiving 10 mg/kg 

of bene powder, sperms with damaged DNA decreased 

significantly (44.66 ± 4.50 versus 25.33±4.50). The 

percentage of sperm with damaged DNA in the bene 

group (3.66 ± 2.08) was significantly lower than that of 

the bene+ busulfan group (p<0.001). 

Thiol and malondialdehyde levels 

Figure 3 shows the levels of thiol and malondialdehyde in 

testicular tissues of the different groups. Statistical 

analysis showed a significant decrease in the mean thiol 

level in the busulfan group compared to the control 

(p<0.001), sham (p<0.001) and bene group p<0.001). In 

addition, a significant decrease was observed between the 

mean level of thiol in the bene + busulfan group compared 

to the control (p<0.001), sham (p<0.001) and bene groups 

(p<0.001). A significant increase was observed in the 

mean level of malondialdehyde in the busulfan group 

compared to the control (p<0.001), sham (p<0.001), bene 

(p<0.001) and bene + busulfan groups (p = 0.016). In 

addition, a significant increase was observed in the mean 

level of malondialdehyde in the bene + busulfan group 

compared to the control (p<0.001), sham (p<0.001) and 

bene groups (p<0.001).  

 

Superoxide dismutase and catalase levels 

Figure 4 shows the values of superoxide dismutase and 

catalase enzymes in different experimental groups in 

unit/g. Statistical analysis showed a significant decrease 

in the mean level of superoxide dismutase and catalase 

enzymes in the busulfan group compared to the control 

(p<0.001), sham (p<0.001), bene (p<0.001) and bene + 

busulfan groups (p<0.001).  

 

 

 

 

Figure 2. Images (A-E) show sperms in the control, sham, busulfan, bene, and bene+ busulfan groups, respectively. Identification of sperm 
DNA damage by acridine orange staining; Sperms with healthy DNA are green, the sperms with intermediate damage are shown in yellow 
color and the denatured DNA in red; Magnification×400 



 

28 | Pharmaceutical Sciences, March 2019, 25, 24-30 

Effects of Bene on Infertility in Mice Model 
 
  

 
 

 
Figure 3. The effect of the administration of bene powder on the thiol and malondialdehyde levels in testis tissue of different groups 
* (p<0.001): Significant difference with control group  
# (p<0.001): Significant difference with busulfan group  
+ (p<0.001): Significant difference with bene + busulfan  
@ p<0.001): Significant difference with sham group  

 

 
Figure 4. The effect of the administration of bene powder on the level of superoxide dismutase and catalase enzymes on testicular tissues 
of different groups 
* (p<0.001): Significant difference with control group  
# (p<0.001): Significant difference with busulfan group  
+ (p<0.001): Significant difference with bene + busulfan  
@ (p<0.001): Significant difference with sham group  

 

Discussion  

The findings of the present study showed that receiving 

busulfan significantly reduced sperm parameters 

compared to the control group. Bene administration 

compensates this reduction. Studies have shown that 

reactive oxygen species have a negative effect on sperm 

count, motility, and morphology that can lead to sperm 

weakness and eventually infertility. The action 

mechanism of free- radical involves lipid peroxidation of 

the plasma membrane of the sperm, which is due to the 

presence of a large amount of unsaturated fatty acid, 

which is susceptible to oxidative damage and this can 

affect motility, fluidity of the membrane and fertilization 

ability. In addition, free radicals damage the axoneme of 

sperm, accelerate ATP consumption, and disrupt the 

function of mitochondrial DNA.19,20 Since reducing the 

level of semen antioxidants or increasing oxidants in 

infertile men occurs, it is not surprising that dietary 

supplements or antioxidants play a major role in treating 

male infertility. These compounds protect sperm, prevent 

the maturation of immature sperm, and increase sperm 

motility.21  

In the present study, tissue lesions in testicular tissue were 

clearly observed in the busulfan group. Busulfan, with the 

production of free radicals and oxidative stress, can have 

a destructive effect on testicular tissue. Therefore, it is 

likely that histopathological changes in the seminiferous 

tube will result from induction of oxidative stress. Since 

in the present study, bene as a potent antioxidant in the 

bene + busulfan group, could significantly compensate for 
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the destructive effects of testicular histopathologic 

changes, the possibility of inducing oxidative stress on 

testicular tissue has been shown to be more strong. 

Gholami et al. also studied the effects of bene on colitis in 

rats. Their results showed that the administration of bene 

improved the histopathology of the intestine (necrosis, 

tissue edema, and neutrophil infiltration) compared to the 

control group. In addition, the level of oxidative stress 

marker (myoperoxidase) decreased.12  

The selection of sperm in infertility centers is based on the 

appearance and sperm motility, which does not guarantee 

the health of the sperm genome. Therefore, sperm DNA 

damage is important. In this study, the quality of DNA of 

sperm was evaluated by acridine orange staining. In this 

method, the sensitivity of the sperm DNA to acid 

denaturation is measured by evaluating the color of the 

fluorescence of the acridine orange from green to red. The 

protective effect mechanism of bene is mainly related to 

polyphenolic compounds, gallic acid, quercetin, and 

luteolin, which plays an important role in protecting the 

sperm membrane against free radicals and oxidative stress 

phenomena.22 Rigane et al. reported (2017) that the bene 

had high levels of tocopherol and beta-carotene, which 

produces its high antioxidant capacity. In addition, the 

presence of steroidal, terpenoid, anthocyanin, tannin, 

coumarin, protein, amino acids, flavonoids, phytosterols 

and carbohydrates in the bene plant was reported.10,11 

Tolooei et al., (2015), investigated the protective effects 

of bene extracts on hepatotoxity in rats. In this study, rats 

were divided into four groups: olive oil, olive oil + bene, 

CCl4 + bene powder, and CCl4 + olive oil. The results 

showed that bene could reduce the amount of free radicals 

and prevent liver damage as an antioxidant by decreasing 

MDA and increasing the antioxidant level of superoxide 

dismutase and catalase enzymes.14 

Consistent with our results, Heidarian et al. evaluated the 

effects of hydroalcoholic extracts of bene on gentamicin 

induced nephrotoxicity in rats.13 Their results showed that 

the administration of bene increased catalase, superoxide 

dismutase, vitamin C, and improved the histopathology of 

the liver. It caused a reduction in urea, uric acid, creatinine 

and malondialdehyde levels.13 Consistent with these 

studies, our results showed that 10 mg/kg of bene reduced 

the level of malondialdehyde and increased the level of 

superoxide dismutase and catalase enzymes. In addition, 

the testicular histopathology improved. In our study, the 

effects of bene were dose-dependent indicating that the 

duration of treatment and the selective dose of 

antioxidants are very because of the treatment.23,24 

In would have been better if this study investigated the 

potential of the mitochondrial membrane and the rate of 

cell apoptosis in testicular tissue, and it is recommended 

for future studies. In addition, it is recommended to study 

the effects of the other parts of bene, such as the crust and 

leaf on fertility rate. 

 

Conclusion 

The administration of 10 mg/kg of bene powder for 35 

days reduced oxidative stress, improved testicular 

histopathology, sperm chromatin quality, and sperm 

parameters in the infertile mice model. 

 

Acknowledgments 

This paper, derived from the master's thesis in Anatomy 

Sciences (code 961247), has been funded by the Vice-

Chancellor of Research in Mashhad University of 

Medical Sciences.  

 

Conflict of interests  

The authors claim that there is no conflict of interest. 

 

References  

1. Gabrielsen JS, Tanrikut C. Chronic exposures and 

male fertility: the impacts of environment, diet, and 

drug use on spermatogenesis. Andrology. 

2016;4(4):648-61. doi:10.1111/andr.12198 

2. D'Cruz SC, Vaithinathan S, Jubendradass R, Mathur 

PP. Effects of plants and plant products on the testis. 

Asian J Androl. 2010;12(4):468-79. doi:10.1038/aja.2 

010.43 

3. Toul F, Belyagoubi-Benhammou N, Zitouni A, Atik-

Bekkara F. Antioxidant activity and phenolic profile 

of different organs of Pistacia atlantica Desf. subsp. 

atlantica from Algeria. Nat Prod Res. 2017;31(6):718-

23. doi:10.1080/14786419.2016.1217205 

4. Hatamnia AA, Abbaspour N, Darvishzadeh R. 

Antioxidant activity and phenolic profile of different 

parts of Bene (Pistacia atlantica subsp. kurdica) fruits. 

Food Chem. 2014;145:306-11. doi:10.1016/j.foodche 

m.2013.08.031 

5. Bozorgi M, Memariani Z, Mobli M, Salehi Surmaghi 

MH, Shams-Ardekani MR, Rahimi R. Five Pistacia 

species (P. vera, P. atlantica, P. terebinthus, P. khinjuk, 

and P. lentiscus): a review of their traditional uses, 

phytochemistry, and pharmacology. The Scientific 

World Journal. 2013;2013:1-33. doi:10.1155/2013/21 

9815 

6. Hatamnia AA, Rostamzad A, Hosseini M, Abbaspour 

N, Darvishzadeh R, Malekzadeh P, et al. Antioxidant 

capacity and phenolic composition of leaves from 10 

Bene (Pistacia atlantica subsp. kurdica) genotypes. 

Nat Prod Res. 2016;30(5):600-4. doi:10.1080/14786 

419.2015.1028060 

7. Falahati M, Sepahvand A, Mahmoudvand H, 

Baharvand P, Jabbarnia S, Ghojoghi A, et al.  

Evaluation of the antifungal activities of various 

extracts from Pistacia atlantica Desf. Curr Med Mycol. 

2015;1(3):25-32. doi:10.18869/acadpub.cmm.1.3.25 

8. Zibaei M, Rostamipour R, Nayebzadeh H. Effect of 

Pistacia atlantica Fruit and Leaf Extracts on Hydatid 

Cyst Protoscolices. Recent Pat Antiinfect Drug 

Discov. 2016;11(1):53-8. doi:10.2174/1574891x1066 

6151029113334  

9. Rezaie M, Farhoosh R, Sharif A, Asili J, Iranshahi M. 

Chemical composition, antioxidant and antibacterial 

properties of Bene (Pistacia atlantica subsp. mutica) 

hull essential oil. J Food Sci Technol. 

2015;52(10):6784-90. doi:10.1007/s13197-15-1789-0 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gabrielsen%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=27230702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanrikut%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27230702
https://doi.org/10.1111/andr.12198
https://doi.org/10.1038/aja.2010.43
https://doi.org/10.1038/aja.2010.43
https://www.ncbi.nlm.nih.gov/pubmed/27531231
https://doi.org/10.1080/14786419.2016.1217205
https://doi.org/10.1016/j.foodchem.2013.08.031
https://doi.org/10.1016/j.foodchem.2013.08.031
https://doi.org/10.1155/2013/219815
https://doi.org/10.1155/2013/219815
https://doi.org/10.1080/14786419.2015.1028060
https://doi.org/10.1080/14786419.2015.1028060
https://www.ncbi.nlm.nih.gov/pubmed/28680993
https://doi.org/10.18869/acadpub.cmm.1.3.25
https://doi.org/10.2174/1574891x10666151029113334
https://doi.org/10.2174/1574891x10666151029113334
https://www.ncbi.nlm.nih.gov/pubmed/26396430
https://doi.org/10.1007/s13197-015-1789-0


 

30 | Pharmaceutical Sciences, March 2019, 25, 24-30 

Effects of Bene on Infertility in Mice Model 
 
  

 
 

10. Rigane G, Ghazghazi H, Aouadhi C, Ben Salem R, 

Nasr Z. Phenolic content, antioxidant capacity and 

antimicrobial activity of leaf extracts from Pistacia 

atlantica. Nat Prod Res. 2017;31(6):696-9. doi:10.10 

80/14786419.2016.1212035 

11. Toul F, Belyagoubi-Benhammou N, Zitouni A, Atik-

Bekkara F. Antioxidant activity and phenolic profile 

of different organs of Pistacia atlantica Desf. subsp. 

atlantica from Algeria. Nat Prod Res. 2017;31(6):718-

23. doi:10.1080/14786419.2016.1217205 

12. Gholami M, Ghasemi-Niri SF, Maqbool F, Baeeri M, 

Memariani Z, Pousti I, et al. Experimental and 

Pathalogical study of Pistacia atlantica, butyrate, 

Lactobacillus casei and their combination on rat 

ulcerative colitis model. Pathol Res Pract. 

2016;212(6):500-8. doi:10.1016/j.prp.2016.02.024 

13. Heidarian E, Jafari-Dehkordi E, Valipour P, Ghatreh-

Samani K, Ashrafi-Eshkaftaki L. Nephroprotective 

and Anti-Inflammatory Effects of Pistacia atlantica 

Leaf Hydroethanolic Extract Against Gentamicin-

Induced Nephrotoxicity in Rats. J Diet Suppl. 

2017;14(5):489-502. doi:10.1080/19390211.2016.12 

67062 

14. Tolooei M, Mirzaei A. Effects of Pistacia Atlantica 

Extract on Erythrocyte Membrane Rigidity, Oxidative 

Stress, and Hepatotoxicity Induced by CCl4 in Rats. 

Glob J Health Sci. 2015;7(7):32-8. doi:10.5539/gjh 

s.v7n7p32 

15. Vafaei A, Mohammadi S, Fazel A, Soukhtanloo M, 

Mohammadipour A, Beheshti F. Effects of Carob 

(Ceratonia siliqua) on sperm quality, testicular 

structure, testosterone level and oxidative stress in 

busulfan-induced infertile mice. Pharm Sci. 

2018;24(2);104-11. doi:10.15171/PS.2018.16 

16. Mohammadi S, Golamin M, Mohammadi M, 

Mansouri A, Mahmoodian R, Attari S, et al. Down-

regulation of CatSper 1 and CatSper 2 genes by lead 

and mercury. Environ Toxicol Pharmacol. 

2018;59:82-6. doi:10.1016/j.etap.2018.03.007  

17. Mohammadi S, Pakrouh Z, Teimouri M, Haji Pour S, 

Karimi M, Mohammadi M, et al. Effects of drug 

substance crystal (methamphetamine) on 

histopathology and biochemical parameters of kidney 

in adult male mice.  Sci J Kurdistan Univ Med Sci. 

2015;20(4):83-90.  

18. Attari SS, Mohammadi S, Ebrahimzadeh A, 

Hosseinzadeh H, Soukhtanloo M, Rajabzadeh A. 

Effects of thymoquinone on sperm parameters, 

apoptosis, testosterone level, and oxidative stress in a 

mouse model of D-galactose-induced aging. Pharm 

Sci. 2018;24(3):180-6. doi:10.15171/ps.2018.26  

19. Gharagozloo P, Gutiérrez-Adán A, Champroux A, 

Noblanc A, Kocer A, Calle A, et al. A novel 

antioxidant formulation designed to treat male 

infertility associated with oxidative stress: promising 

preclinical evidence from animal models. Hum 

Reprod. 2016;31(2):252-62. doi:10.1093/humrep/dev 

302  

20. Buzadzic B, Vucetic M, Jankovic A, Stancic A, Korac 

A, Korac B, et al. New insights into male (in) fertility: 

the importance of NO.  Br J Pharmacol. 

2015;172(6):1455-67. doi:10.1111/bph.12675 

21. Agarwal A, Sekhon LH. Oxidative stress 

andantioxidants for idiopathic 

oligoasthenoteratospermia: Is it justified? Indian J 

Urol. 2011;27(1):74-85. doi:10.4103/0970-1591.7843 

7 

22. Mohammadi S, Khakbaz M, Shoraka M, Vakil S, 

Moghimian M, Mohammadzadeh F, et al . Effects of 

different doses of manganese on lead poisoning in the 

kidney of adult male mice. Koomesh. 

2016;18(1):203-10. 

23. Mohammadi S,  Safari F, Seyedi Z, Seyed Hosseini E, 

Karimi F, Mohammadi  M, et al. Effect of different 

doses of N-acetyl cysteine on biochemical and 

histopathological parameters in kidney of formalin-

treated. J Kerman Univ Med Sci. 2016;23(5): 607-17. 

24. Rezaie M, Farhoosh R, Pham N, Quinn RJ, Iranshahi 

M. Dereplication of antioxidant compounds in Bene 

(Pistacia atlantica subsp. mutica) hull using a 

multiplex approach of HPLC–DAD, LC–MS and 1H 

NMR techniques. J Pharm Biomed Anal. 

2016;117:352-62. doi:10.1016/j.jpba.2015.09.005

 

https://doi.org/10.1080/14786419.2016.1212035
https://doi.org/10.1080/14786419.2016.1212035
https://doi.org/10.1080/14786419.2016.1217205
https://doi.org/10.1016/j.prp.2016.02.024
https://doi.org/10.1080/19390211.2016.1267062
https://doi.org/10.1080/19390211.2016.1267062
https://www.ncbi.nlm.nih.gov/pubmed/26153201
https://www.ncbi.nlm.nih.gov/pubmed/26153201
https://www.ncbi.nlm.nih.gov/pubmed/26153201
https://doi.org/10.5539/gjhs.v7n7p32
https://doi.org/10.5539/gjhs.v7n7p32
https://doi.org/10.15171/ps.2018.16
https://doi.org/10.1016/j.etap.2018.03.007
https://doi.org/10.15171/ps.2018.26
https://doi.org/10.1093/humrep/dev302
https://doi.org/10.1093/humrep/dev302
https://doi.org/10.4103/0970-1591.78437
https://doi.org/10.4103/0970-1591.78437
http://jkmu.kmu.ac.ir/?_action=article&au=207179&_au=Fatemeh++Safari
http://jkmu.kmu.ac.ir/?_action=article&au=207181&_au=Elaheh++Seyed+Hosseini
https://doi.org/10.1016/j.jpba.2015.09.005

