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Abstract 
This study was designed to evaluate the role of Phitofert

®
 in the improvement of 

testes function and attenuating DNA fragmentation in vasectomized and healthy adult 

mice. Twenty four adult male breed such Albino mice were randomly and equally 

divided into four groups (G1, G2, G3 and G4). Mice were treated for 35days as follows: 

the G1 mice were non-vasectomized and given DW and served as controls, mice in G2 

were non-vasectomized and given Phitofert
®
 daily with a dose of 0.035mg/kg BW, mice 

in G3 were vasectomized without treatment while the mice in G4 were vasectomized 

and given same dose of Phitofert
®
. At the end of the experiment, fasting blood samples 

were collected by cardiac puncture for measuring LH and FSH hormones concentrations 

and section from testes were taken tomeasure  the number of Leydig cells and diameter 

of semniferous tubules. The results of current data showed significant increase of serum 

LH and FSH concentrations in G2 healthy treated group as compared with control  and 

other groups. Also, the treatment of G4 vasectomized mice with Phitofert
®
 caused 

significant increase in serum concentration of the above hormones as compared with G3 

vasectomized non-treated. The study showed that DNA fragmentation that resulted from 

the G2 healthy treated mice were lower than that obtained from the control group and 

other vasectomized mice (G3, G4). The diameters of the seminiferous tubules and the 

numbers of Leydig cells showed significant increase in healthy and vasectomized 

treated group (G1, G4) as  compared with G3 vasectomized non-treated group. It was 

concluded that healthy and vasectomized treated of adult male mice with Phitofert
® 

lead 

to clear improvement of level of reproductive hormones. 
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 تأثير الفاتيوفرت عمى وظائف الخصى لمفئران البالغة مستأصمة الأسهر
 *عراكوجواد كاظم  **الدجيميصالح ، سعد *منى حسن يوسف

 كمية الطب البيطري/ جامعة بغداد - والأدويةفرع الفسمجة * 
 / جامعة النهرينالأحيائيةمركز بحوث التقانات **

 الخلاصة
ردة ممتول فتفممحلدرصصممعل ا تاممحلدرةمم ت للدرفمم دت تسالت ممدص علبةمم حلصممتتالدراسد ممحلدرة رتممحلردوتممت لا س

س اممحل بةممس ولتممول امم سلدرفلممسدولأحل ت دأصمم حلده ممتس لدمم لد ممدصاد ل)درممان فلتممول امم سلدرفلممسدولدر مم تتلDNAلدرنمم   
دم لد دلصم الدر بم  للف G4, G3, G2, G1لس امحلتام تتملتد م  تحل)تات بمحل متاس ألإرمعدر  رغحل ق متالبةم دلت ل

,لةت دنمم التمم  ل53درةت دنمم ال اتمم لت ممول رتمما لدمم لتا ت ممحللدري ريممحل درسد اممح ل قممالهينممولبةممسلتمم سدلتممولدرتاتمم بدتودرن
  اسبممحللتت تمم لباتممالدرت ممدص عأتوممالتمم لةت دنمم الدرتات بممحلدري نتممحلأدبد ممسالتات بممحل ممتاس للدلأ رممعتات بممحلدر

 ممتسللأتات بممحلدرت د صمم حلدلتات بممحلدري ريممحدبد ممسالةت دنمم الدراغمم لتممول سولا مم فلتتتمم للت غمم  ل053 0)لحت تتمم
 لتممولبمم  أده ممتسلاسبممحلدرت ممدص علنف ممت لل درت دأصمم حلتات بممحلدرسد اممحدرباتممالةت دنمم الأ غتممسلتا راممحل تنتمم ل
رمعلإض تحلإلFSH لLHلولدرو بلرغس لة  بلدساتسلهست نوت  فلد ل ةبلبتن الدرا لتل53نت تحلتدس لدرداس حل)
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 متاتحلر صصمعلرة م بلصم التوم املنأةت دنم ال ل,ل اماه لدم لدردضمةتحل امالدرDNA  لدصد  سلا تاحلدرة ت لدرن ل
رممممعلةصمممم الستمممم ا لتان تممممحلتممممولت ممممد  لهستمممم نولإةمممم سالدرندمممم ل لأقامممم سلدرن ت مممم الدرتن تممممح لأهتمممما ل للبممممادالص تمممم أ

LH,FSHدر ممتاس لملتات بممحلتو سنممحلتممل)درتا ت ممحلدري نتممحفلتممولتصممالا لدرةت دنمم الدر مم تتحل درتا ت ممحل  رت ممدص عل
رمعلةصم الستم ا لتان تمحلتمولدساتمسلهم  لإلدرفم دت تسالاالتا ت حلدرفلسدولدرت دأص حلده تسل ت ا أ   قولدرتا تتم ل

فتمممسالدراسد مممحل مممأولدةمممفولدرةممم ت لأ لاتممم ل لدرتست نممم التو سنمممحلتمممملدرةت دنممم الت د صممم حلده مممتسل درغتمممسلتا رامممح
لممسدولامم ولتنصفضمم ل  رتو سنممحلتممملتات بممحلدر ممتاس ل درفت تسالدرفمم دلدرنمم   لتممولدرفلممسدولدر مم تتحل درتا ت ممحل ت ممدص ع

بمادالص تم لهتما لأسلدرن ت م الدرتن تمحلر صصمعل ام ر لقام أرمعلستم ا لإة سالدراسد حلدرن تاتحلأدرت دأص حلده تس ل
درت دأصم حل متسلدرتا ت محل  رت مدص علتو سنمحل م رفلسدوللأتمولدرفلمسدولدر م تتحل درت دأصم حلددري نتحل درسد امحللتات بحدر

لدرتات بحلدري ريح لده تسل رغتسلتا ت حل  رت دص ع
ل رفلسدودل, ف لفلدرصصعل,درف دت تسادرا ت الدرتفد ةتح:ل

Introduction 
Herbal medicine appears to be the oldest form of healthcare to humankind(1). Such 

medicine was considered to as herbalist or botanical use of herbs in therapy or 

medicinal use(2). The WHO gives a definition to herbal medicines as ended labeled 

medicinal products which have an effective ingredient, above or underground parts of 

the plant, other substances or its combinations. Report of WHO, showed that more 

than75% of the world population depend on traditional medicine for their major health 

care requirements(3). Phitofert
®
 is one of food supplement contain Maca extract and 

considered as synthetic drug used for the adaptogenic and tonic action due to its content 

of components of Maca root extract. On the other hand Phitofert
®
 used for man with 

selenium and for woman with folic acid and useful for improvement the function of 

reproductive system and fertility(4), but there is no researches about its role in animals, 

so that we designed the current study on mice as a model of mammals. Maca or 

(Lepidiummeyenii) isherbaceous part of the crucifer family native to the 

high Andes of Peru (5). It is cultured for its fleshy hypocotyl to be used as a root 

vegetable and a medicinal herb. Maca was cultivated for more than 1500 years 

ago(6). Maca used by national Andean people as an important food because of its high 

nutritional value in addition to its ability to fertility and sexual performance(7). Maca 

used to treat numerous illness conditions including exhaustion, anemia and infertility 

because of its claimed anabolic and aphrodisiac effects, the active ingredient of 

Phitofert
®

 is often referred to as “Peruvian ginseng
 
(8, 6, 9). Some athletes have used 

Lepidiummeynii as a substitute to anabolic steroids even though its value is not 

proven(10). The ethnobotanical studies mentioned the use of maca against cancer, sexual 

and menstrual disorders(11). Other studies referred to its role in the secretion of 

hormones, immune stimulation and memory perfection(9). Vasectomy is a common 

method for fertility control in men that causes several implications as well. However, 

new surgical techniques could decrease these implications significantly(12). The 

epididymis has been shown to be responsible for the sustenance, conservation, 

transport, maturation, and storage of spermatozoa(13). Maturation of sperm within the 

epididymis needs the interaction of sperm with epithelium and luminal fluid of the 

epididymis(14). The objective of this study to show the effect of Phitofert
®

 on testicular 

function in mice as a model of mammals. 

Materials and Methods 
- Animals preparation and study design: Twenty four healthy adult male mice, weighed 

25-35g were used. Mice were held in plastic cages and placed in a room for two weeks for 
acclimation. Room temperature was maintained at 22 ± 25 ˚C, air of the room was altered 

https://en.wikipedia.org/wiki/Herbaceous
https://en.wikipedia.org/wiki/Brassicaceae
https://en.wikipedia.org/wiki/Andes
https://en.wikipedia.org/wiki/Peru
https://en.wikipedia.org/wiki/Hypocotyl
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continuously using ventilation vacuum and with light/dark cycle of 12:12 hrs per day. The 
litter of the cages was changed weekly. Animals were allowed freely reached to water and 
pellets along the experimental period. The study was carried out in the laboratories of 
Biotechnology Research Center at Al-Nahrain University. 

- Study protocol: Twenty four male mice were divided randomly into 4 equal groups 
and treated as follows: Control group (G1): Healthy animals of this group received 
only distilled water. Healthy treated group (G2): Healthy animals of this group 
received oral administration (0.035 mg/ mice) of Phitofert

®
once daily. 

Vasectomized group (G3): Animals of this group received only distilled water. 
Treated vasectomized group (G4): Animals of this group received oral 
administration (0.035 mg/ mice) of Phitofert

®
 once daily. 

- Blood collection: Blood samples were obtained via cardiac puncture technique from 
each anesthetized animal using disposable insulin needles for hormonal estimation. 

- Hormonal estimation 
A- Serum luteinizing hormone concentration: The LH hormone was determined 

using kits provide by MonobindInc. USA according to Microplate Enzyme 
immunoassay (ELISA)(15). 

B- Serum Follicle stimulating hormone concentration: The FSH hormone was 
determined using kits provide by MonobindInc. USA according to Microplate 
Enzyme immunoassay (ELISA)(16). 

- Acridin Orange test for determination of DNA fragmentation: The acridine 
orange fluorescence test was performed according to the method of (17). 

- Histological study of testes: Histological section was done according to (18). The tissue 
sections were examined by light microscopy and microphotography with histometrical 
measurements have been done by using Future Win Joe microscopic camera to measure the 
diameter of somniferous tubules and the numbers of leydig cells, the images have been 
analyzed and scored by using Fiji image analyzer system(19). 

- Statistical analysis: Statistical analysis of data was performed using SAS 
(Statistical Analysis System-version 9.1). One-way, two way ANOVA and Least 
significant differences (LSD) post hoc test were used to assess the significant 
differences among means. P<0.05 was considered statistically significant (20). 

Results and Discussion 
- Concentration of LH hormone (ng/ml): The concentration of LH hormone 

micewere listed in Table -1 The measurement showed that healthy animals treated 
with Phitofert

® 
reveled significant (P<0.05) increase in serum LH concentration 

compared to control and other groups (G1), whereas vasectomized mice showed 
significant (P<0.05) decrease in LH hormone concentration compared to 
vasectomized treated group (G4) and other groups (G1, G2). 

- Concentration of FSH hormone (ng/ml): Treatment of mice with Phitofert
®
 (G2) 

showed highly significant (P<0.05) increase in FSH hormone concentration 
compared to healthynon treated mice (control control) and other vasectomized 
animals. On other hand vasectomized mice treated with Phitofert

®
 showed 

significant (P<0.05) increase of LH hormone concentration compared to 
vasectomized group (G3) and significant (P<0.05) decrease of FSH hormone 
concentration compared to both healthy mice (G1 and G2) as shown in Table -1. 

Table(1) Effect of Phitofrert
®
 and vasectomy on serum testosterone, LH and FSH 

hormones concentration in mature male mice 

Hormone concentration 
Groups 
 

LH 
(m IU/ml) 

FSH 
(m IU/ml) 

G1 2.29± 0.06 b 2.93± 0.07 b 
G2 3.48± 0.11 a 5.35± 0.22 a 
G3 0.55± 0.07 d 0.54±0.06 d 
G4 1.30±0.16 c 1.06±0.12 c 

L.S.D. 0.33 0.40 
Values are presented as Means ±SE (n=6 mice/group). 
Different small letters denote significant differences between groups (P<0.05). 
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- DNA normality (%): The result of DNA fragmentation % was illustrated in Table -
2 which indicated that healthy mice treated with Phitofert

®
 showed significant 

(P<0.05) decrease in DNA fragmentation % compared to vasectomized mice (G3 
and G4 groups). On the other hand, DNA fragmentation of vasectomized mice (%) 
were significant (P<0.05) increase as compared with healthy animals, while DNA 
Fragmentation (%) in vasectomized treated mice (G4 group) showed significant 
(P<0.05) decrease compared to vasectomized non treated mice (G3 group) and 
significant (P<0.05) increase compared to healthy mice (G1, G2 groups) (Table-2). 

 

Table (2) Effect of Phitofert
®
 and vasectomyon DNA normality(%) in mature male mice 

Groups G1 G2 G3 G4 

DNA Fragmentation 6.50±0.88 c 7.33± 1.35 c 25.50± 1.76 a 11.33± 1.08 b 
L.S.D.=3.88 Values are presented as Means ±SE (n=6 mice/ group). 
Different capital letters denote significant differences between groups (P<0.05). 

 
Fig. (1) Normal sperm with green head (white arrow) and sperm with DNA fragmentation with 

green and yellow head (blue arrow) in G1 group (control group) (Acridin Orange test). X10 

 
Fig. (2) Normal sperm with green head (white arrow) and sperm with DNA fragmentation 

with yellow or orange head (blue arrow) in G2 group (healthy treated with Phitofert
®
 

group) (Acridin Orange test). X 10 
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Fig. (3) Normal sperm (white arrow) and sperm with DNA fragmentation (blue arrow) in 

G3 group (vasectomized without Phitofert
®
 treatment group) (Acridin Orange test). X 10 

 
Fig. (4) Normal sperm with green head (white arrow) and sperm with DNA fragmentation 

with yellow and orange head  (blue arrow) in G4 group (vasectomized with Phitofert
®
 

treatment group) (Acridin Orange test). X 10 

- Diameter of semniferous tubules: Table 3- showed that diameters of semniferous 

tubules in vasectomized mice (G3) was significantly (P<0.05) decrease compared to 

control and all groups, while the data revealed significant (P<0.05) increase of 

diameters in mice treated with Phitofert
®

 compared with either in healthy or 

vasectomized groups (G2 and G4) compared to G1 and G3. 

Table (3) Effect of Phitofer
®
 and vasectomy on diameter of semniferous tubule in 

mature male mice 
Groups G1 G2 G3 G4 

Diameter (µm) of 

somniferous tubules 
294.70± 16.88 c 466.97±22.10 a 238.64±26.66 d 356.04±16.12 b 

Values are presented as Means ±SE (n=6 mice/ group). 

Different capital letters denote significant differences between groups (P<0.05). 

- Numbers of Leydig cells (cell/ µm): The data illustrated in Table 4 revealed 

significant (P<0.05) increase in the numbers of Ledyig cells in G2 group which was 

treated with Phitofert
®
 compared to control and vasectomized mice (G3). The 

numbers significantly (P<0.05) decreased invasectomized mice compared to 

vasectomized treated group (G4). The higher number of Leydig cells recorded in G2 

while the lower number was observed in G3 compared with other groups. 
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Table (4) Effect of Phitofert
®
 and vasectomy on numbers of Leydig cellsin mature 

male mice 

Groups G1 G2 G3 G4 

Number (cell/ µm) 

of Leydig cells 
2.30±0.16 b 4.01±0.21 a 1.12±1.02 c 2.00±0.84 b 

Values are presented as Means ±SE (n=6 mice/ group). 

Different capital letters denote significant differences between groups (P<0.05). 

- LH and FSH concentration: Table-1 showed the effect of Phitofert
®
 on 

gonadotropins hormones (LH and FSH). Treatment of mice with Phitofert
®
 causes 

significant increase in serum gonadotropins levels. Although the treatment contain 

no hormones have theorized that plants alkaloids may be responsible for balancing 

the hypothalamus and pituitary glands and supporting function of testes (21) and 

possible manner to in a stimulate pituitary gland to increase synthesis and release of 

LH and FSH hormones. On other hand, Phitofert
®
 may achieve such result by 

improving the response of sertoli cells to FSH and resulted in decrease of inhibin 

hormones synthesis and subsequently lead to increase of FSH hormone. Also, the 

antioxidant effect of the components of Phitofert
®
 may be the causes of increscent of 

gonadotropin especially Flavonoids and alkaloids which act as scavenger to ROS 

(22) and decrement of LH and FSH in vasectomized mice support this mechanism of 

extract, thus vasectomy lead to decrease or LH and FSH due to effect of free radicals 

resulted from oxidative stress in this group of animals. The result on current study 

indicated significant increase in gonadotropins hormones (LH and FSH) in treated 

mice. This increment of LH and FSH concentration may be due to effect of 

Phitofert
®
 to support stimulation of pituitary gland to increase synthesis and release 

of LH hormone and /or hypothalamus leading to increase the synthesis and release 

of gonadotropin hormones. 

- DNA normality: Table-2 showed that treatment of mice with Phitofert
®
 revealed 

decrease abnormality and fragmentation of DNA. This may be due to productive 

effect on sperm membranes(23). The Phitofert
®
 has been shown to scavenge 

hydroxyl group as well as superoxide radicals and inhibit their release(24). Also, the 

decrease of DNAabnormality in treated groups of mice compared to non-treated 

mice may be attributed to the quality of CHO in extract which is a great energy 

source for the sperm active motility with an increase in the percentage of 

morphological normal sperm and these will effect on number of sperm with normal 

DNA. On other hand, vasectomy lead to increase DNA fragmentation in G4 and this 

result may be due to the effect of free radical on sperm genome, causing high 

frequencies of single and double-strand DNA breaks(25), thus both superoxide (O
-2

) 

and the hydroxyl radical (OH
-
) are known to mutagenic and cause chromosome 

deletions, dicentrics and sister chromatid exchange(26). Also, vasectomy generally 

causes the formation of sperm antibodies, a response that is believed to be due to 

sperm retention and an increased intraluminal pressure in reproductive tract, leading 

to increased sperm degradation, fragmentation and sperm granuloma formation (27, 

28). 

- Diameter of seminiferous tubules: There is a positive relationship between the 

tubular diameter and spermatogenic activity of the testis
 
(29). The oxidative stress 

may be cause damage at the testicular tissues in G3 and reduce the diameter of 

seminferous tubules. Therefore, the decrease in diameters could reflect defective 

spermatogenesis as evidenced by reduction in sperm parameters. On the other hand, 

Phitofert
®
 caused significant increase in tubules diameters may be due to its 

antioxidant components as scavenger of ROS (22). 
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- Numbers of Leydig cells: The increase of the number of Leydig cells in G2 andG4 

may be due to compounds of Phitofert
®
 including Flavonoids and alkaloids which 

considered as a potent antioxidant activity(30) against oxidative damage induced by 

vasectomy and improving the pituitary–testes axis function through androgenic 

activity leading to increase the number of Leydig cells, or could be due to the free 

radical scavenging effect. Also, the increase of Leydig cells numbers may be due to 

an increasing the number and/ or the sensitivity of LH receptors on the Leydig cells 

which led to increase testosterone biosynthesis(31). 

References 
1. Barens, J. (2002). An introduction to herbal medicine products. Pharmacol J., 268: 

304-306. 
2. Braun, L. & Cohen, M. (2007). Herbs and Natural Supplements. an Evidence Based Guide. 

2
nd

 ed. Churchill Livingstone is an imprint of Elsevier, Elsevier Australia. a 

division of Reed International Book Australia Pty Ltd. Sydney, Edinburgh, 

London, Philadelphia, New York, St. Louis, Toronto, PP. 407-415. 

3. Parveen, A.; Parveen, B.; Parveen, R. & Ahmad, S. (2015). Challenges and 

guidelines for clinical trial of herbal drug. J. Pharm. Bioallied Sci., 

7(4):329- 333. 

4. Gonzales, G. F.; Cordova, A.; Gonzales, C.; Chung, A.; Vega, K. & Villena, A. 

(2001). Lepidium meyenii (Maca) improved semen parameters in adult men. 

Asian J. Androl., 3(4):301-303. 

5. Hermann, M. & Bernet, T. (2009). The transition of maca from neglect to market 

prominence: Lessons for improving use strategies and market chains of 

minor crops. Agricultural Biodiversity and Livelihoods Discussion Papers 

1.Bioversity International, Rome, Italy. P. 101. 
6. Valentová, K. & Ulrichová, J. (2003). Smallanthus sonchifolius and Lepidium meyenii - 

prospective Andean crops for the prevention of chronic diseases. Biomed Pap. 

Med. Fac. Univ. Palacky Olomouc Czech Repub., 147(2):119-130. 

7. Cui, B.; Zheng, B. L.; He, K. & Zheng, Q. Y. (2003). Imidazole alkaloids from 

Lepidium meyenii. J. Nat Prod., 66(8): 1101-1103. 

8. Zhao, J.; Muhammad, I.; Dunbar, D. C.; Mustafa, J. & Khan, I. A. (2005). New 

Alkamides from Maca (Lepidium meyenii). J. Agric. Food Chem., 53(3): 

690-693. 

9. Ganzera, M.; Zhao, J.; Muhammed, I. and Khan, I.A. (2002). Chemical profiling and 

standardization of Lepidium meyenii (Maca) by reversed phase high 

performance liquid chromatography. Chem. Pharm. Bull. (Tokyo), 50(7): 

988-991. 

10. Cicero, A. F.; Bandieri, E. & Arletti, R. (2001). Lepidium meyenii Walp. improves 

sexual behaviour in male rats independently from its action on spontaneous 

locomotor activity. J. Ethnopharmacol., 75(2-3): 225-229. 

11. Bogani, P.; Simonini, F.; Iriti, M.; Rossoni, M.; Faoro, F.; Poletti, A. & Visioli, F. 

(2006). Lepidium meyenii (Maca) does not exert direct androgenic activities. 

J. Ethnopharmacol., 104(3):415-417. 

12. Lavers, A. E.; Swanlund, D. J.; Hunter, B. A.; Tran, M. L.; Pryor, J. L. and Roberts, 

K. P. (2006). Acute effect of vasectomy on the function of the rat 

epididymal epithelium and vas deferens. J. Androl., 27(6): 826-36. 

13. Cooper, T. (1998). Epididymis. In: Neill, J. D. & Knobil, E. (ed.), Encyclopedia of 

Reproduction. Vol.2. New York, Academic Press. PP. 1- 17. 
14. Klinefelter, G. R. & Hess, R. A. (1998). Toxicity of the excurrent ducts and accessory organs 

in the male. In: Reproductive and developmental toxicology. (eds. K. S. Korach), 

Marcel Dekker, Inc., New York. PP. 553-591. 



Al-Anbar J. Vet. Sci., Vol.: 11 No. (2), 2018                                 ISSN: 1999-6527 

16 

15. Kosasa, T. S. (1981). Measurement of Human Luteinizing Hormone. J. Reprod. 

Med., 26: 201-206. 

16. Odell, W. D.; Parlow, A. F.; Cargille, C. M. & Ross, G. T. (1968). 

Radioimmunoassay for human follicle-stimulating hormone: physiological 

studies. J. Clin. Invest., 47(12): 2551-2562. 

17. Tejada, R. I.; Mitchell, J. C.; Norman, A.; Marik, J. J. & Friedman, S. (1984). A 

test for the practical evaluation of male fertility by acridine orange (AO) 

fluorescence. Fertil. Steril., (42):87-91. 

18. Luna, L. G. (1968). Manual of histology staining Methods of armed forces Institute 

of Pathology. 3
rd

 ed., American Registry of Pathology. McGraw-Hill Book 

Company, New York, Toronto, London and Sydney. 

19. Schulte, R. T.; Ohl, D. A.; Sigman, M. and Smith, G. D. (2010). Sperm DNA 

damage in male infertility: etiologies, assays, and outcomes. J. Assist. 

Reprod. Genet., 27(1):3-12. 

20. SAS (2010). SAS/STAT Users Guide for Personal Computer. Release 9.13.SAS 

Institute, Inc., Cary, N.C., USA. 

21. Muhammad, I.; Zhao, J.; Dunbar, D. C. & Khan, I. A. (2002). Constituents of 

Lepidium meyenii ‘maca’. Phytochemistry, 59(1):105-110. 

22. He, Z.; Feng, Y. & Xu, L. F. (2010). In vitro antioxidant activity of ethanol extract 

of maca (Lepidium meyenii walpers) cultivated in Yunnan. Food Science, 

31(15): 39-43. 

23. Gielazyn, M. L.; Ringwood, A. H.; Piegorsch, W. W. & Stancyk, S. E. (2003). 

Detection of oxidative DNA damage in isolated marine bivalve hemocytes 

using the comet assay and formamidopyrimidine glycosylase (Fpg). Mutat. 

Res., 542(1- 2): 15-22. 

24. Hunault, C. C.; Eijkemans, M. J.; Pieters, M. H.; te Velde, E. R.; Habbema, J. D.; 

Fauser, B. C. & Macklon, N. S. (2002). A prediction model for selecting 

patients undergoing in vitro fertilization for elective single embryo transfer. 

Fertil. Steril., 77(4): 725-732. 

25. Twigg, J.; Fulton, N.; Gomez, E.; Irvine, D. S. & Aitken, R. J. (1998). Analysis of 

the impact of intracellular reactive oxygen species generation on the 

structural and functional integrity of human spermatozoa: lipid peroxidation, 

DNA fragmentation and effectiveness of antioxidants. Hum. Reprod., 

13(6):1429-1436. 

26. Aitken, R. J. & Krausz, C. (2001). Oxidative stress, DNA damage and the Y 

chromosome. Reproduction, 122(4):497-506. 

27. Flickinger, C. J.; Howards, S. S. & Herr, J. C. (1995). Effects of vasectomy on the 

epididymis. Microsc. Res. Tech., 30(1): 82-100. 

28. Alexander, N. J. & Tung, K. S. (1977). Immunological and morphological effects 

of vasectomy in the rabbit. Anat. Rec., 188(3):339-350. 

29. de Souza Predes, F.; Monteiro, J. C.; Matta, S. L.; Garcia, M. C. & Dolder, H. 

(2011). Testicular histomorphometry and ultrastructure of rats treated with 

cadmium and Ginkgo biloba. Biol. Trace Eiem. Res., 140(3): 330-338. 

30. Olchowik, E.; Sciepuk, A.; Mavlyanov, S.; Abdullajanova, N. and Zamaraeva, M. 

(2012). Antioxidant capacities of polyphenols from Sumac (Rhus 

typhina L.) leaves in protection of erythrocytes against oxidative damage. 

Biomed. Prevent. Nut., 2(2): 99-105. 

31. Gunnarsson, D.; Nordberg, G.; Lundgren, P. & Selstam, G. (2003). Cadmium-

induced decrement of the LH receptor expression and cAMP levels in the 

testis of rats. Toxicology, 183(1-3): 57-63. 


