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 This study was aimed to assess the protective effects of Cornus mas fruit extract (CMFE) and 
vitamin E (Vit E) on sperm quality parameters in the methotrexate (MTX)-treated mice. Forty-
eight young adult male mice (8-12 weeks) were randomly divided into six groups including 
control and test groups. The control group received normal saline orally , and the test groups 
were treated MTX (20 mg kg-1, ip, once weekly), MTX + CMFE (250 mg kg-1), MTX + CMFE (500 
mg kg-1), MTX + CMFE (1000 mg kg-1), and MTX + Vit E (100 IU kg-1, po) for 35 consecutive days. 
On day 35, after euthanasia the epididymal sperms were isolated. Then the total mean sperm 
count, sperm viability and motility were determined. The total antioxidant capacity (TAOC) of 
all experimental groups were also evaluated. The MTX-treated animals showed a significant 
changes in all parameters of sperm quality assessment compared to the control group. Both Vit 
E and CMFE were able to protect from MTX-induced effects on sperm maturity and DNA 
damage. Co-administration of MTX and CMFE and/or Vit E resulted in protection from MTX-
reduced TAOC. In conclusion, these data suggested that MTX administration could adversely 
affect the sperm quality. Moreover, the protective effect of Vit E and CMFE on MTX-induced 
sperm toxicity was also documented.  
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 های سوری بالغروی سمیت حاصل از تجویز متوترکسات در اسپرم موش Eبررسی اثرات محافظتی عصاره میوه زغال اخته و ویتامین 
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Introduction 
 

Chemotherapy includes use of the chemicals to prevent 
growth of and removing cancer cells even in the sites far 
away from the initial tumor origin. However, this therapeutic 
process cannot differentiate between cancer cells and 
healthy ones and along with elimination of cancer cells it 
targets the healthy and other rapid growing cells including 
blood cells, hair, and epithelial cells of digestive system.1 
Methotrexate, a folic acid antagonist, was introduced in 
1950 as an effective anticancer compound in chemo-
therapy.2 It is widely used in treating neoplastic disorders, 
leukemia, breast cancer, and testis tumors.3,4 This compound 
is also used for treating psoriasis, arthritis rheumatoid, 
and autoimmune disease.5,6 Methotrexate competitively 
and irreversibly prevents activity of dihydrofolate reductase 
(DHFR), an enzyme that participates in synthesis of 
tetrahydrofolate.7 This enzyme catalyzes transformation of 
dihydrofolate into active tetrahydrofolate. Affinity of MTX 
to DHFR is 1000 times more than folate.8 Since folic acid is 
necessary for anabolism of nucleotides, MTX prevents the 
synthesis of nucleotides through reaction with DHFR and 
subsequently prevents synthesis of DNA and RNA.9,10 Most 
chemotherapy agents act through reaction with DNA or its 
precursors preventing synthesis of new genetic materials. 
Damage to the genetic materials causes disorder in 
functions of somatic and reproductive cells.11-13 Toxic 
effects on reproductive cells may result in fetal imparities, 
changes in endocrine function, reproductive problems, and 
premature abortion.14,15 Therefore, along with MTX's 
therapeutic capacity, its toxic side effects appear in organs 
including gastrointestinal system, angiogenic system, and 
nervous system.16-18 Although mechanisms of tissue 
damage of testis due to this agent are not precisely known, 
several studies have shown that methotrexate causes 
biochemical stresses via disruption of oxidation-reduction 
equilibrium which can result in extensive physiological 
disorders. It was reported that Vitamin E (Vit E) as a well-
known antioxidant agent exerts its protective effect in 
removing oxidative stress in the testis of the mice.19 Cornus 
mas fruit extract is a member of Cornacea species. In 
traditional medicine Cornus mas has been used as an herbal 
medicine for treating inflammation.20 Chemical analysis of 
CMFE has shown that it is a rich source of antioxidant and 
phenolic compounds. In addition, it contains some vitamins 
including vitamin C, B1, B2, E, and anthocyanins, flavonoids, 
and very high levels of oxalic acid.21,22 The current study 
was designed to assess the antioxidant effect of CMFE and 
Vit E in preventing toxicity of MTX influencing sperm 
quality parameters.  

 
Materials and Methods 
 

Chemicals. Vitamin E from Behsa Pharmaceutical Co. 
(Tehran, Iran) and methotrexate sodium manufactured by  

 Kocak Farma Ltd. (Istanbul, Turkey) were used as the test 
substances. 

Preparation of alcoholic extract of Cornus mas fruit. 
After removing of cornus mas stone the fruit was dried in 
open air, protected from direct sunlight, and then powdered. 
The powder was kept in a closed box at 8 ˚C. Five hundred 
grams of the powder was extracted using mixture of 
ethanol:water (7:3) at 25 ± 2 ˚C. The solvent was completely 
removed by rotary vacuum evaporator at 50 ˚C. The extract 
was freeze-dried and stored in a vacuum desicator until use.23 

Animals and treatment groups. Forty-eight young 
(8-12 weeks) male NMRI mice were used in this study. In 
the beginning, the animals were kept for one week in 
standard conditions including temperature 22 ± 2 ˚C, 30 to 
60% of humidity and the illumination cycles of 14 hr light 
and 10 hr darkness. Food and water were freely accessible 
to them. In control group (1), only normal saline was 
injected without chemotherapy. Mice in group 2 were 
injected MTX 20 mg kg-1 per week for 5 weeks, 
intraperitoneally,24 in groups 3, 4 and 5 along with MTX 
(20 mg kg-1) received oral CMFE with daily dose of 1000, 
500 and 250 mg kg-1.21,23 In group 6, animals received oral 
Vit E 100 UI kg-1 daily along with MTX (20 mg kg-1).25 After 
35 days, the mice were anesthetized with 25 mg kg-1 

ketamine (Alfasan, Utrecht, The Netherlands) for blood 
sampling and they were euthanized with ketamine over 
dose (100 mg kg-1). Then, both epididymis (cauda and vas) 
of each mouse were transferred to a 60 mm Petri dish 
containing 1 mL Human Tubal Fluid (HTF; Sigma, St. Louis, 
USA) culture and 4 mg mL-1 bovine serum albumin (BSA; 
Sigma, St. Louis, USA) medium pre-warmed to 37 ˚C. The 
caudate was minced making 5 to 7 slashes with a 30-gauge 
needle of an insulin syringe. After 30 min incubation at 
37 ˚C in 5% CO2, spermatozoa released from epididymis.26 

Total antioxidant capacity measurement. The TAOC 
of serum from all groups was measured. This test was based 
on the assessment of ferric reduction antioxidant power 
(FRAP).27 Briefly, at low pH, which was achieved by 
addition of acetate buffer (300 mM, pH 3.6), reduction of 
ferric tripyridyltriazine complex to the ferrous form 
produces an intensive blue color that could be measured at 
593 nm. Aqueous solution of ferrous sulfate and 
appropriate concentrations of freshly prepared ascorbic 
acid were used as blank and standard solutions, 
respectively. The protein content of the samples was 
measured according to the Lowry method.28 

Assessment of sperm count. In order to count sperms, 
a 1:20 dilution was prepared. In a 1 mL microtube 190 µL 
of distilled water was poured and 10 µL of sperm mixture 
was added to it. Then, 1 µL of the mixture was dropped on 
a Neobar slide and the sperms were counted.29 

Evaluating sperm mobility. A volume of 10 µL of sperm 
containing culture medium was placed on Neobar slide and 
covered with a cover-glass. Using a light microscope mobility 
of sperms was assessed at 10× and 20× magnification.29 
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Evaluating viability of sperms. For this purpose 
eosin-nigrosin staining was used. A volume of 20 µL of sperm 
sample was mixed with 20 µL eosin solution on a clean 
slide and after 20-30 sec, stained with 20 µL nigrosin 
solution. After preparing solution's smear and drying of 
slides , using an optical microscope the percentage of live 
(discolored) and dead (colored) sperms were analyzed.30  

DNA strand damage level evaluation. For assessing 
any kind of breakage in mice sperms DNA double strands, 
acridine orange staining was used. The percentage of 
spermatozoa stained with acridine orange was determined 
by counting 200 spermatozoa per slide. The monomeric 
acridine orange, bound to normal double-stranded DNA 
produces a green fluorescence, whereas the aggregated 
acridine orange on single-stranded DNA yields a yellow to 
red fluorescence. In this method after three times elution 
of sperm sample with PBS buffer, the precipitate was 
reached the final volume by PBS buffer. Desired smears of 
sperms culture medium was prepared and after being air-
dried for 30 min was poured into a vessel containing the 
same ratios of acetone and ethanol. After that the slides were 
dried in air, placed in acridine orange solution for 7 min 
and after final drying were studied using a 100× fluorescence 
microscope and the results reported as percentage.31,32  

Sperm nucleus maturity evaluation. For this purpose 
aniline blue staining method was used. The basis of analysis 
is the replacement of protamine by histone in nucleus 
chromatin during spermiogenesis. This replacement has an 
important role in stability of sperm. In this staining method, 
immature sperms with high histone showed grayish dark 
blue in their nucleus and mature sperms were pale. Once 
again, after fixing sperm sample in acetone-ethanol 
solution and drying in air, slides were immersed in aniline 
blue solution for 7 min and after drying were examined by 
an optical microscope.33  

Morphological evaluation of sperms. In this study, 
aniline blue staining method was used and the percentage 
of abnormal sperms in appearance were recorded. Also, 
the eosin-nigrosin staining was used for more accurate 
observation. Specification of cytoplasmic residues of sperms 
were resulted from morphological immaturity. Those 
sperms with cytoplasmic residues were considered to be 
morphologically immature.34  

Statistical analysis. The data were analyzed by SPSS 
(Version 20; SPSS Inc., Chicago, USA) and one way ANOVA 
and Bonferroni test were used. A p-value less than 0.05 
considered significant.  

 
Results 
 

Average sperm count. This study showed that there 
was a significant decrease in average number of sperms in 
the group receiving only MTX (19.7 ± 3.5) compared to 
other groups (p < 0.05), while other groups did not have 
any significant differences (Fig. 1).  

 

  
 
 
 
 
 
 
 

 
 

 
Fig. 1. The average count of sperms in experimental groups. 
Asterisk indicates significant difference among the groups (p < 0.05).  

 

Viability power. In MTX group a significant increase 
was observed in dead sperms compared to other groups 
except for group MTX + CMFE 250, (p < 0.05). However, 
the mean number of dead sperms in groups MTX + CMFE 
500, MTX + CMFE 1000 and MTX + Vit E group were at the 
same level like the control group (Table 1 and Fig. 2). 

Sperm immobility status. The average number of 
immobile sperms in groups MTX + CMFE 1000 (38.2 ± 4.1) 
and MTX + CMFE 500 (42.5 ± 5.0) remained similar to 
control group and no significant difference was observed. 
However, groups MTX, MTX + CMFE 250 (51.7 ± 2.6) and 
MTX + Vit E (52.2 ± 6.1) had significant differences with 
the control group (p < 0.05), (Table 1). 

Sperm morphology. Any kind of disorder in sperm 
appearance, head, tail, and remaining cytoplasmic residues 
were considered as morphological disorders. The average 
number of sperms with unusual morphology was reported 
as percentages. There was a significant difference between 
groups MTX (41.0 ±5.5) and all groups except for MTX + 
CMFE 250 (42.0 ± 4.5) and MTX + Vit E (32.7 ± 4.0), (p < 0.05).  

DNA damage. DNA damage in sperms were calculated 
as percentage. Sperms with green nucleus were normal and 
orange to red ones (based on DNA damage) were considered 
with damaged DNA. Increasing of DNA damage in sperm, 
in MTX group (35.7 ± 6.9) was significantly higher 
compared to all other groups (p < 0.05), (Table 1 and Fig. 3).  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Evaluation of spermatozoa viability. a) Alive sperms have 
yellow heads (bright colored); b) Dead sperms have red heads 
(dark colored), (Eosin-nigrosin, 1000×). 



24 

 
L. Zarei et al. Veterinary Research Forum. 2014; 5 (1) 21 - 27 

 

 
 
 
 
 
 

 
 

Sperm nucleus immaturity. Sperms with high 
histone in their nucleus showed grayish dark blue based 
on the histone level and considered as immature 
sperms. Significant increase was observed in average 
percentage of immature sperms in MTX group (16.7 ± 3.6) 
in comparison with all other groups except for MTX + 
CMFE 250 (15.0 ± 6.3) and MTX + Vit E groups (7.7 ± 0.9) 
(p < 0.05), (Fig. 4).  

In treatment groups which different doses of CMFE 
were used in combination with MTX, TAOC was 
significantly increased, especially in the treatment group 
which received 500 mg kg-1 CMFE (p < 0.05). The 
treatment group that received CMFE 500 mg kg-1 was not 
significantly different from the control group (Fig. 5). 

 
 
 
 
 
 
 
 
 

 
 

 
 

Fig. 3. Detection of DNA damage in spermatozoa. a) DNA of 
healthy sperms have green heads; b) DNA of damaged sperms 
heads are in red color (Acridine orange, 1000×). 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 4. Maturity evaluation of spermatozoa. a) Sperms with 
mature nucleus show heads in pale blue; b) Immature nucleus 
sperms represent dark blue heads (Aniline blue, 1000×). 

 
 
 
 
 
 
 

  
 
 
 
 
 

 
 

 
 
 
 
 

 
 
 
 
 

 

Fig. 5. Profiles of total antioxidant capacity among the treatment 
groups. a,b,c Different letters indicate significant differences (p < 0.05). 
 

Discussion 
 

The results of this study revealed that MTX induced 
stress oxidative on cells of spermatogenesis was prevented 
with CMFE and Vit E. Mechanism of this protection is 
related to removing free radicals and annihilating them or 
increasing antioxidant capacity of body.24,35 Young and 
Love reported that most antioxidants act synergistically 
and create an effective barrier against oxidation.36 Recent 
studies have shown that fruits and vegetables possess 
protective properties against diseases and CMFE is a rich 
source of antioxidants including flavonoids, anthocyanins 
and ascorbic acid.37 These compounds protect proteins, 
lipids and DNA against free radicals.38 Methotrexate is an 
anti-metabolic agent for a variety of neoplastic disorders 
and its toxic effects have been reported.39 By acting on cell 
cycle, this agent prevents synthesis of DNA.9 Similarity of 
MTX to folic acid helps it attach to DHFR. This enzyme is 
responsible for transformation of dihydrofolate to tetra-
hydrofolate. The latter compound acts as a mediator in 
synthesis of nucleotides (thymines and purines).40 
Regarding the mobility of sperms, the number of immobile 
sperms in groups MTX and MTX + CMFE 250 was 
increased in comparison with other groups. High energy 
requirements of sperms for movement explain why they 
possess many mitochondria. Increasing lipid peroxidation 
in mitochondria caused by methotrexate leads to 
degradation of mitochondrial membrane.35 Therefore, 
antioxidants not only prevent decrease of the sperm 
mobility but also cause increase its capability.41 Increasing 
the number of abnormal sperms is an indirect result of 
genotoxicity. Aziz et al. showed that there was a significant 
relationship between Reactive oxygen species (ROS) and 
increasing of malformed sperms (p < 0.05). 

Table 1. The percentage of different parameters of sperm quality (Mean ± SE). 

Groups     Dead sperms Immobile sperms     Abnormal sperms  DNA damaged sperms Immature sperms 

Control     3.6  ±  4.3a   38.2 ± 3.7a      5.2 ± 2.2a      3.0 ± 8.1a    5.7 ± 2.8a 
MTX  62.7 ± 5.4c   59.5 ± 8.9c   41.0 ± 5.5c     35.7 ± 6.9c 16.7 ± 3.6c 
MTX + CMFE 1000    40.0 ± 7.6ab   38.2 ± 4.1a    13.2 ± 2.6a       8.2 ± 1.5a      7.7 ± 3.5ab 
MTX + CMFE 500    45.0 ± 7.1ab     42.5 ± 5.0ab   27.2 ± 6.7b       8.5 ± 4.9a       7.7 ± 1.7abc 
MTX + CMFE 250    50.7 ± 3.1bc    51.7 ± 2.6bc   42.0 ± 4.5c    18.5 ± 3.1b   15.0 ± 6.3bc 
MTX + Vit E     44.5 ± 2.6ab     52.2 ± 6.1bc     32.7 ± 4.0bc       11.0 ± 0.8ab       7.7 ± 0.9abc 

abc Different letters in each column represent significant differences between groups (p < 0.05). 
 

b a 

b 
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Disorders in morphology of sperms relates to spot 
mutations in reproductive cells34 or chromosomal 
defects.42 In this study the number of abnormal sperms in 
MTX group showed significant increase compared to other 
groups (p < 0.05) that completely complies with previous 
studies. Therefore, it can be said that sperm disorders 
induced by MTX due to physiological, cytotoxic and genetic 
changes in DNA cause an increase in the number of 
abnormal sperms.43 In current study the average number 
of sperms in MTX group showed a significant decrease 
compared to other groups (p < 0.05). This reduction may 
be related to increased production of free radicals due to 
methotrexate administration that in turn causes disorders 
in functionality of Leydig and Sertoli cells.44-46 Since these 
cells play an important role in adjustment of testosterone 
levels, we can say that use of MTX causes a rise in ROS 
production slowing down spermatogenesis which would 
finally lead to a reduction in sperm count.47 However, in 
other groups that received cornus mas, free radical 
production was limited and the number of sperms 
increased. In evaluation of viability, the mean number of 
dead sperms in group treated only with MTX compared to 
other groups was significantly high (p < 0.05), suggesting 
that this process may be related to positive peroxidase 
leukocytes in testis.48,49 However, decreasing the ratio of 
dead sperms in group that received CMFE may be 
associated with protective effect of CMFE which is an 
outcome of existing antioxidant compounds (like flavonoids 
etc.).50 This study showed that the average number of 
sperms with damaged DNA in sham control group 
significantly increased in comparison to other groups, that 
it could be related to oxidative stress due to metho-
trexate.44 There are three explanations about the causes of 
sperm DNA damage: 1) DNA damage is resulted from 
insufficient and inappropriate compaction and twisting of 
DNA in the period of maturing;51 2) Oxidative stress causes 
DNA damage;52 and 3) Fragmentation of DNA caused by 
apoptosis.53 In groups that received CMFE and Vit E, 
nucleotide DNA damage declined as a result of decreasing 
oxidative stress and free radicals. In the present study, it is 
revealed that percentage of immature (low quality 
chromatin) sperms in MTX+ CMFE 250 and MTX + Vit E 
groups were increased significantly in comparison with 
other groups (p < 0.05). In testis of mammals in the stage 
of spermiogenesis DNA-attached histones are replaced by 
basic proteins called protamine and this process 
consequently results in compaction of chromatin and 
stops the copying process. In epididymis phase protamin's 
thiol (-SH) groups are oxidized and inside their molecules 
disulfide bands are formed. Presence of these disulfide 
bridges is necessary for final compaction and physical/ 
chemical stability of chromatin. After desired compaction 
of chromatin, double strand DNA is surrounded by nucleo-
protein and is protected against destroying factors like 
acids, heat, proteases, DNAase, ROS and detergents. It seems 

 that disorders in chromatin compaction are associated 
with DNA and nucleus damage. In sperms whose 
nucleus are compacted weakly and replacement of 
protamine-histone is not completed, extensive DNA 
damages is expected. Most of these damage occur in the 
intermediate stage of spermiogenesis during protamine-
histone replace-ment. As a result of deficiency in 
cytoplasmic antioxidants, sperms are not capable of 
repairing damages due to excess production of ROS.52-54 
MTX increases the ROS production and it has been 
shown that the increased ROS production makes 
mitochondrial membranes highly susceptible to 
oxidative damage.55 Based on the results of the present 
study, CMFE plays a role in decreasing oxidative stress 
by increasing the TAOC. 

Therefore, it can be concluded that CMFE and Vit E 
could protect reproductive organs against MTX side 
effects. In this regards, CMFE with doses of 500 and 
1000 mg kg-1 and Vit E (100 IU kg-1, po) had a good 
preventive effects against oxidative stress caused by 
MTX administration.  
 
References  
 
1. El-Sayyad HI, Ismail MF, Shalaby F, et al. Histopatho-

logical effects of cisplatin, doxorubicin and 5-
flurouracil (5-FU) on the liver of male albino rats. Int J 
Biol Sci 2009; 5(5): 466-473. 

2. Peters G, Van der Wilt C, Van Moorsel C, et al. Basis for 
effective combination cancer chemotherapy with anti-
metabolites. Pharmacol Ther 2000; 87(2-3): 227-53. 

3. Choudhury RC, Ghosh SK, Palo AK. Cytogenetic toxicity 
of methotrexate in mouse bone marrow. Environ 
Toxicol Pharmacol 2000; 8(3): 191-196. 

4. Jensen SB, Mouridsen HT, Reibel J, et al. Adjuvant 
chemotherapy in breast cancer patients induces 
temporary salivary gland hypofunction. Oral Oncol 
2008; 44(2): 162-173. 

5. Chow M, Koo J, Ng P, Rubin H. Random population-wide 
genetic damage induced in replicating cells treated 
with methotrexate. Mutat Res 1998; 413(3): 251-264. 

6. Gisondi P, Girolomoni G. Biologic therapies in psoriasis: 
A new therapeutic approach. Autoimmun Rev 2007; 
6(8): 515-519. 

7. Johnston JA, Johnson ES, Waller PR, et al. Methotrexate 
inhibits proteolysis of dihydrofolate reductase by the N-
end rule pathway. J Biol Chem 1995; 270(14): 8172-8178. 

8. Kopytek SJ, Standaert RF, Dyer JC, et al. Chemically 
induced dimerization of dihydrofolate reductase by a 
homobifunctional dimer of methotrexate. Chem Biol 
2000; 7(5): 313-321. 

9. Novaković T, Milošević-Đorđević OM, Grujičić DV, et al. 
Effect of intratumoral application of methotrexate in 
vivo on frequency of micronuclei in peripheral blood 
lymphocytes. Arch Oncol 2003; 11(1): 1-4. 



26 

 
L. Zarei et al. Veterinary Research Forum. 2014; 5 (1) 21 - 27 

 

10. Tian H, Cronstein BN. Understanding the mechanisms 
of action of methotrexate. Bull NYU Hosp Jt Dis 2007; 
65(3): 168-173. 

11. Singh NP, Muller CH, Berger RE. Effects of age on DNA 
double-strand breaks and apoptosis in human sperm. 
Fertil Steril 2003; 80(6): 1420-1430. 

12. Waters MD, Stack HF, Jackson MA. Inhibition of 
genotoxic effects of mammalian germ cell mutagens. 
Mutat Res 1998; 402(1): 129-138. 

13. Sukhotnik I, Nativ O, Roitburt A, et al. Methotrexate 
induces germ cell apoptosis and impairs spermato-
genesis in a rat. Pediatr Surg Int 2013; 29(2): 179-184. 

14. Haines GA, Hendry JH, Daniel CP, et al. Increased levels 
of comet-detected spermatozoa DNA damage following 
in vivo isotopic-or X-irradiation of spermatogonia. 
Mutat Res 2001; 495(1-2): 21-32. 

15. Wyrobek AJ, Schmid TE, Marchetti F. Relative 
susceptibilities of male germ cells to genetic defects 
induced by cancer chemotherapies. J Natl Cancer Inst 
Monogr 2005; 2005(34): 31-35. 

16. Belur LR, James RI, May C, et al. Methotrexate pre-
conditioning allows sufficient engraftment to confer 
drug resistance in mice transplanted with marrow 
expressing drug-resistant dihydrofolate reductase 
activity. J Pharmacol Exp Ther 2005; 314(2): 668-674. 

17. Ng C, Xiao Y-D, Lum BL, et al. Quantitative structure-
activity relationships of methotrexate and methotrexate 
analogues transported by rat multispecific resistance-
associated protein 2 (rMrp2). Eur J Pharm Sci 2005; 
26(5): 405-413. 

18. Widemann BC, Adamson PC. Understanding and 
managing methotrexate nephrotoxicity. Oncologist 
2006; 11(6): 694-703. 

19. Chandra AK, Chatterjee A, Ghosh R, et al. Vitamin E-
supplementation protect chromium (VI)-induced 
spermatogenic and steroidogenic disorders in testi-
cular tissues of rats. Food Chem Toxicol 2010; 
48(3):972-979. 

20. Yilmaz KU, Ercisli S, Zengin Y, et al. Preliminary 
characterisation of cornelian cherry (Cornus mas L.) 
genotypes for their physico-chemical properties. Food 
Chem 2009; 114(2): 408-412. 

21. Jayaprakasam B, Olson LK, Schutzki RE, et al. 
Amelioration of obesity and glucose intolerance in 
high-fat-fed C57BL/6 mice by anthocyanins and 
ursolic acid in Cornelian cherry (Cornus mas). J Agric 
Food Chem 2006; 54(1): 243-248. 

22. Krośniak M, Gąstoł M, Szałkowski M, et al. Cornelian 
Cherry (Cornus mas L.) Juices as a source of minerals 
in human diet. J Toxicol Environ Health A. 2010; 
73(17-18): 1155-1158. 

23. Eshaghi M, Zare S, Banihabib N, et al. Cardioprotective 
effect of Cornus mas fruit extract against carbon 
tetrachloride induced-cardiotoxicity in albino rats. J 
Basic Appl Sci Res 2012; 2(11): 11106-11114. 

24. Alam SS, Hafiz NA, Abd El-Rahim AH. Protective role of 
taurine against genotoxic damage in mice treated with 
methotrexate and tamoxifen. Environ Toxicol 
Pharmacol 2011; 31(1): 143-152. 

25. Bjelogrlic SK, Radic J, Jovic V, et al. Activity of d, l‐α‐ toco-
pherol (vitamin e) against cardiotoxicity induced by 
doxorubicin and doxorubicin with cyclophosphamide in 
mice. Basic Clin Pharmacol Toxicol 2005; 97(5): 311-319. 

26. Hedrich H. The Laboratory mouse: Handbook of 
experimental animals. 2nd ed. New York, USA: 
Academic press 2006; 439-446. 

27. Benzie IF, Strain JJ. The ferric reducing ability of 
plasma (FRAP) as a measure of “antioxidant power”: 
The FRAP assay. Anal Biochem 1996; 239(1): 70-76. 

28. Lowry OH, Rosebrough NJ, Farr AL, et al. Protein 
measurement with the Folin phenol reagent. J Biol 
Chem 1951; 193(1): 265-275. 

29. World Health Organization. WHO laboratory manual 
for the examination and processing of human semen. 
5th ed. Geneva, Switzerland: World Health 
Organization 2010; 21-26. 

30. Wyrobek AJ, Gordon LA, Burkhart JG, et al. An 
evaluation of the mouse sperm morphology test and 
other sperm tests in nonhuman mammals: A report of 
the US environmental protection agency Gene-Tox 
program. Mutat Res 1983; 115(1): 1-72. 

31. Hodjat M, Akhondi M, Amirjanati N, et al. The 
comparison of four different sperm chromatin assays 
and their correlation with semen parameters. Tehran 
Univ Med J 2008; 65(Suppl 3): 33-40. 

32. Talebi AR, Sarcheshmeh AA, Khalili MA, et al. Effects of 
ethanol consumption on chromatin condensation and 
DNA integrity of epididymal spermatozoa in rat. 
Alcohol 2011; 45(4): 403-409. 

33. Sadeghi MR, Hodjat M, Lakpour N, et al. Effects of sperm 
chromatin integrity on fertilization rate and embryo 
quality following intracytoplasmic sperm injection. 
Avicenna J Med Biotechnol 2009; 1(3): 173-180. 

34. Narayana K, D’Souza UJ, Seetharama Rao K. Ribavirin-
induced sperm shape abnormalities in Wistar rat. 
Mutat Res 2002; 513(1): 193-196. 

35. Tabassum H, Parvez S, Pasha ST, et al. Protective effect 
of lipoic acid against methotrexate-induced oxidative 
stress in liver mitochondria. Food Chem Toxicol 2010; 
48(7): 1973-1979. 

36. Young AJ, Lowe GM. Antioxidant and prooxidant 
properties of carotenoids. Arch Biochem Biophys 
2001; 385(1): 20-27. 

37. Hassanpour H, Yousef H, Jafar H, et al. Antioxidant 
capacity and phytochemical properties of cornelian 
cherry (Cornus mas L.) genotypes in Iran. Sci Hortic-
Amsterdam 2011; 129(3): 459-463. 

38. Kalt W. Effects of production and processing factors 
on major fruit and vegetable antioxidants. J Food Sci 
2005; 70(1): R11-R19. 



27 L. Zarei et al. Veterinary Research Forum. 2014; 5 (1) 21 - 27 

39. Chiang H-M, Fang S-H, Wen K-C, et al. Life-threatening 
interaction between the root extract of Pueraria 
lobata and methotrexate in rats. Toxicol Appl 
Pharmacol 2005; 209(3): 263-268. 

40. Aggarwal P, Naik S, Mishra K, et al. Correlation 
between methotrexate efficacy & toxicity with C677T 
polymorphism of the methylene tetrahydrofolate gene 
in rheumatoid arthritis patients on folate supple-
mentation. Indian J Med Res 2006; 124(5): 521-526. 

41. Wroblewski N, Schill WB, Henkel R. Metal chelators 
change the human sperm motility pattern. Fertil Steril 
2003; 79: 1584-1589. 

42. Topham J. The detection of carcinogen-induced sperm 
head abnormalities in mice. Mutat Res 1980; 69(1): 
149-155. 

43. Jha AM, Kumar M. In vivo evaluation of induction of 
abnormal sperm morphology in mice by an 
unsaturated aldehyde crotonaldehyde. Mutat Res 
2006; 603(2): 159-163. 

44. Babiak RMV, Campello AP, Carnieri EG, et al. 
Methotrexate: Pentose cycle and oxidative stress. Cell 
Biochem Funct 1998; 16(4): 283-293. 

45. Chen H, Liu J, Luo L, et al. Vitamin E, aging and Leydig cell 
steroidogenesis. Exp Gerontol 2005; 40(8-9):728-736. 

46. Free M, Schluntz G, Jaffe R. Respiratory gas tensions in 
tissues and fluids of the male rat reproductive tract. 
Biol Reprod 1976; 14(4): 481-488. 

47. Aitken RJ, Roman SD. Antioxidant systems and 
oxidative stress in the testes. In: Cheng CY (Eds.). 
Molecular mechanisms in spermatogenesis. New York, 
USA: Springer 2009; 154-171. 

48. Agarwal A, Saleh RA. Role of oxidants in male 
infertility: Rationale, significance, and treatment. Urol 
Clin North Am 2002; 29(4): 817-828. 

49. Saleh RA, Agarwal A, Kandirali E, et al. 
Leukocytospermia is associated with increased 
reactive oxygen species production by human 
spermatozoa. Fertil Steril 2002; 78(6): 1215-1224. 

50. Liyana-Pathirana C, Shahidi F, Alasalvar C. Antioxidant 
activity of cherry laurel fruit (Laurocerasus officinalis 
Roem.) and its concentrated juice. Food Chem 2006; 
99(1): 121-128. 

51. Sailer BL, Jost LK, Evenson DP. Mammalian sperm 
DNA susceptibility to in situ denaturation associated 
with the presence of DNA strand breaks as measured 
by the terminal deoxynucleotidyl transferase assay. J 
Androl 1995; 16(1): 80-87. 

52. Agarwal A, Saleh RA, Bedaiwy MA. Role of reactive 
oxygen species in the pathophysiology of human 
reproduction. Fertil Steril 2003; 79(4): 829-843. 

53. Sakkas D, Mariethoz E, Manicardi G, et al. Origin of 
DNA damage in ejaculated human spermatozoa. Rev 
Reprod 1999; 4(1): 31-37. 

54. Codrington AM, Hales BF, Robaire B. Spermiogenic 
germ cell phase-specific DNA damage following 
cyclophosphamide exposure. J Androl 2004; 25(3): 
354-362. 

55. Calabrese V, Lodi R, Tonon C, et al. Oxidative stress, 
mitochondrial dysfunction and cellular stress 
response in Friedreich's ataxia. J Neurol Sci 2005; 
233(1): 145-162. 


