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Abstract

Vitamin E is known as important antioxidant to protect the reproductive system. The free radicals are continuously produced in last
few years due to metabolic and nutritional deficiencies. These free radicals are responsible for the production of oxidative stress in
animal bodies. This production of extensive amount of oxidative stress caused the detrimental effects on the sperm and various other
male parameters. This imbalance between the antioxidants and oxidative stress, leads to the condition of infertility in male.
Antioxidants play an important role for eliminating of these free radicals. Vitamin E is one of the best antioxidants for the removal of
oxidative stress in male reproductive system. Its use increases the reproductive functions and efficiency of male reproductive
system. The deficiency of this vitamin leads to degeneration of germinal epithelium and Leydig cells in seminiferous tubules. The use
of selenium and vitamin E has the synergistic effects on the male reproductive system. The objective of this review was to collect the
beneficial roles of this vitamin along selenium on reproductive system of birds and different animals. This review will also collect the
different doses along the beneficial roles on different parameters of male reproductive system.
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1. Introduction

Vitamin E (a -tocopherol) is fat soluble organic compound and commonly present in the cell membranes. This vitamin has the strong
antioxidant properties and inhibits the lipid peroxidation created by the free hydroxyl and superoxide radicals. This vitamin protects
the cell membrane of sperm cell from damages of ROS. In vitro studies have proved that the use of vitamin E improves the motility
and fertilizing ability of sperm in the egg penetration of hamster[1]. Similarly, in vivo studies, supplementation of vitamin E was found
to be effective in reduced number and motility of sperms caused by reactive oxygen species (ROS)[2]. The supplementation of this
vitamin through oral route has significant beneficial effects on motility of sperms through the reduction of malondealdehyde (MDA),
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which is known as the end product of lipid peroxidation[3]. The shortage of vitamin E may damage the reproductive organs like
damages in the spermatogenesis, testicular dysfunction and shrinkage of semeneferous tubules. The use of this vitamin enhances
the functions of testes in the form of increased in weight of testes and epididymis. Besides the antioxidants properties of this vitamin,
antioxidant enzymes like superoxide dismutase (SOD) and glutathione peroxidase are enhanced due to use of this vitamin[4]. The
deficiency of this vitamin leads to testicular degeneration in poultry, rats and hamster[5] as well as the lower production of germ
cells[6]. The seminiferous tubules making the framework of testes are degenerated due to deficiency of vitamin E[7]. Selenium is
known as essential for the testicular function and sperm motility[8]. Lack of selenium causes the testicular malfunctioning like atrophy
of semineferous tubules, abnormal spermatogenesis, immature sperms and reduction in volume of testes[9]. Vitamin E possesses
the enhanced effects on the sperm motility when given with selenium[10].

There is lot of information about the use of vitamin E in various doses during the cryopreservation of semen. However, there is
limited information about the use of vitamin E in diet as well as through oral routes in the bodies of various species. Keeping in view
the male infertility due to deficiency of this antioxidant as well their beneficial use in this review was focused.

2. Metabolism and excretion of vitamin E

The absorption of vitamin E is connected to the digestion of fats in body and the absorption of this vitamin is facilitated by the
concentration of bile and as well as pancreatic lipase[11]. The media part of small intestine is considered as the site for absorption of
this vitamin. It may be present in alcohol or esters form, but most of the vitamin E is absorbed in alcohol form. Esters are hydrolyzed
in the small intestine, whereas the alcohol goes into the lymph through the general circulation. The Medium-chain triglycerides play
an important role in the absorption but polyunsaturated fatty acids inhibit this process. Many studies reported that feces may contain
65%-85% of this vitamin in human, rabbit and hen.

3. Production of ROS and male infertility

More than 25% males fail to produce the functional sperms for successful fertilization[12]. The excess production of ROS is the major
cause of infertility by damaging the DNA, genetic components and activities of enzymes[13]. ROS can be useful or harmful
depending on the site as well as their level of production[14]. The sperm have the ability to move after the transit stay in epididymus.
They require the certain physiological processes like capacitation takes place within the female reproductive tract to fertilize the egg.
Under these physiological conditions the adequate amount of ROS is produced[15]. In the ROS, superoxide is considered as the
most harmful agent[16]. The male germ cells are vulnerable to ROS due to higher amount of polyunsaturated fatty acids within the
cell membrane and cytoplasm[17] [Figure 1].{Figure 1}

The production of ROS due to blood leukocytes as well as the damaged sperm could also contribute to infertility[18]. Another major
element of ROS is the hydrogen peroxide. The moderate level of hydrogen peroxide had no effect on the viability of sperms but
inhibit the movement of sperms by reducing the amount of ATP and phosphorylation of protein in exoneme[19]. These physiological
disturbances will lead to lipid peroxidation and death of cells. Almost every ejaculate of semen has the source of ROS in the form of
leukocytes and damaged sperms which can cause the oxidative harms to sperms. Therefore, it is considered that damage depends
on the concentration of ROS rather than the presence or absence[16]. Poor quality of semen is connected to higher amount of RS
due to the presence of more amount of residual cytoplasm. This extra cytoplasm accumulates during the maturation stages of
spermatozoa at mid piece[20]. If this cytoplasm occupies more than third of head, it is called as cytoplasmic droplet. The sperms of
such a kind are considered as immature with defective functions. They have the capacity of producing the large amount of ROS[21].
Each spermatozoa utilizes the nicotinamide adenine dinucleotide phosphate oxidase and nicotinamide adenine dinucleotide at the
level of plasma membrane for the production of ROS[22]. Spermetozoa are equipped with higher amount of mitochondria to produce
the energy for the movement of spermatozoa. The production of ROS is increased in uncontrolled amount in the nonfunctional
mitochondria which affect the function of mitochondria[23]. This increased amount of ROS will caused the oxidative stress. Oxidative
stress can also cause the DNA degradation and breakage of cross liankage of proteins[24]. Spermatozoa having the DNA with
damaged integrity cold not fertilize the the oocyte. There was negative correlation was reported between the sperms with damaged
DNA and fertilization rate[25]. Apoptosis is the programmed death of cell with the alteration in all the structural and physiological
functions. The process of apoptosis is controlled by internal and external factors. Factors affaecting as external stimulators are
radiations, high environmental temperature and toxins. Higher concentration of ROS disrupts the inner and outer cell membranes of
mitochondria and subsequently apoptosis of sperm cell takes place[26].

4. Mechanism of vitamin E in poultry species
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Vitamins had the significant roles in the maintenance as well as regulating functions in male reproductive system. After the first use
of this vitamin on male reproductive system of rats, many investigators reported the effects of this antioxidant on the health and
reproductive functions of different species. The key evaluation parameters of male reproductive system are volume, sperm motility,
sperm concentration and fertilizing ability. These quality parameters can be severely altered by certain stresses and endocrine
disrupters, which can contact the body through different sources like diet and body contacts[27]. These adverse effects can be
controlled by the use of supporting compounds, including multivitamins, mineral and antioxidants. The spermatozoa in avian species
are rich with polyunsaturated fatty acids[28],[29]. These compounds play useful roles in the motility and fusion between sperm with
egg[30]. The sperms with the higher quantity of polyunsaturated fatty acids are susceptible to reactive oxygen species, subsequently
leading to infertility[31]. Therefore, the use of antioxidants for spermatozoa seems to be prerequisite for the regulating the successful
fertility in the male reproductive system. Many studies proved that the use of vitamin E has useful effects on the functions of fertility in
chickens[32]. The dietary supplementation of this vitamin protects the spermatozoa by maintaining the stability of polyunsaturated
fatty acids in the cell membranes. The recommended dose of vitamin E in poultry birds is 10 mg/kg of diet[33]. The findings due to
use of this vitamin on the reproductive performance of bird is presented in [Table 1].{Table 1}

5. Effects of vitamin E on male reproductive functions of other animals

Vitamin E is considered as the basic part of antioxidants in sperm[38] and acts as the important protection to reduce the production
of reactive oxygen species[30]. The feeding of this vitamin has useful effects on the reproductive performance of boar, rabbit and
rams[39]. Similarly the supplementation of this vitamin has the constructive effects on reproductive system of cockerel, rats, dog and
fish[40],[41],[42]. Spermatozoa require the ROS for normal functions like acrosome functions, capacitation and fusion of
spermatozoa during the processes of fertilizations[43]. But the production of excess amount of ROS induces the lipid peroxidation in
membrane of sperm[43],[44]. Vitamin E is known as lipid soluble and prevents the production of ROS in the sperm membrane during
the various motility processes[43]. In addition to scavenging of ROS, this vitamin has the ability to protect the primiary reproductive
organs and accessory reproductive organs in male. This vitamin functions as anti-sterility function and its shortage results in the
degeneration of germinal epithelium occurs. The continuous and small doses of this vitamin lead to improve the semen
characteristics in domestic animals[39],[45],[46]. Youself also found that this vitamin has ameliorative effects on oxidative stress with
dose of 2 IU/kg in pyrethroid induced toxicity [Figure 2].{Figure 2}

Supplementation of vitamin E with dose of 70 IU/kg caused the significant effects on acrosome reactions and normal morphology in
boar[47]. This vitamin also acts on precursor of thrombxanes, prostaglandins and immunoglobulins which promotes the
spermatogenesis[48]. SOD is known as the important part of seminal plasma and function to balance the production of free radicals
through the process of scavenging activity[49]. This enzyme has the ability to convert the superoxide anion into hydrogen peroxide
on both side of cell as well as the conversion of this hydrogen peroxide into water. Reduced quantity of SOD results into poor quality
of semen as well as reproductive functions[50]. Glutathion peroxidase (GPx) is considered as the important antioxidant and reduces
the amount of lipid peroxidation. This enzyme functions with vitamin E as a reducing agent of hydrogen peroxide[49]. The histological
organization of testes is known as the important aspect of spermatogenesis. The supplementation of vitamin E@ 80 IU kid/ day in
Boer goats caused the improvement through the number of epithelium, width of semineferous tubules as well as more number of
Sertoli and Leydig cells[51]. The sertoli cells also play an important role in the maintenance as well as the transport of androgens in
the testes[52]. The feeding of vitamin E to dogs with poor quality of semen had improved the quality of semen as well as antioxidant
status[53]. This improvement may be due to increase in testosterone level as in [Table 2]. The effects of vitamin E with different
doses in the various animals species is presented in [Table 2] [60].{Table 2}

6. Conclusion

This article reviewed the dietary effects of vitamin E on the male reproductive system of birds and many other animal species. This
review indicates that feeding of vitamin E has beneficial effects on the male reproductive system. The beneficial effects were evident
in the form of increase of testes weight, semen quality parameters, antioxidants status and testosterone in mammals as well as birds.
In birds, in addition to these parameters the hatchability was also improved. It came to know that this vitamin is based on the
property of reducing the oxidative stress, which results from the higher amount of polyunsaturated as well as during the physiological
processes in sperm. Furthermore the deficiency of this vitamin leads to the infertility in male. On the basis of these findings in this
review article, following suggestions can be incorporated in the future to improve the efficiency of male reproductive system;

This vitamin needs to be used in the extreme cold and summer season to elucidate the stress of season.Spermatogenesis is under
the control of various hormones in male, so the level of various hormones like follicle stimulating and leutinizing hormones may be
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find out.Association of genes with vitamin E in the form of beneficial or deficient conditions needs to be elucidated.

Conflict of interest statement

The author declares that he has no conflict of interest.

References

1

10

11

12

13

14

15
16

17

18
19

20

21
22

23

24

25

26

Plante M, de Lamirande E, Gagnon C. Reactive oxygen species released by activated neutrophils, but not by deficient
spermatozoa, are sufficient to affect normal sperm motility. Fertil Steril 1994; 62: 387-393.

Keskes-Ammar L, Feki-Chakroun N, Rebai T, Sahnoun Z, Ghozzi H, Hammami S, et al. Sperm oxidative stress and the effect
of an oral vitamin E and selenium supplement on semen quality in infertile men. Arch Androl 2003; 49(2): 83-94.

Suleiman SA, Ali ME, Zaki ZM, EI-Malik EM, Nasr MA. Lipid peroxidation and human sperm motility: Protective role of vitamin
E. J Androl 1996; 17: 530-537.

Wang S, Wang G, Barton BE, Murphy TF, Huang HF. Beneficial effects of vitamin E in sperm functions in the rat after spinal
cord injury. J Androl 2007; 28: 334-341.

Todorovic M, Jokic Z, Davidovic V. The influence of selenium and Vitamin E in poultry nutrition. Biotech Anim Husb 2004; 18:
231-238.

Cooper DR, King OR, Carpenter MP. Effect of Vitamin E deficiency on serum concentrations of follicle stimulating hormone
and testosterone during testicular maturation and degeneration. Endocrinology 1987; 120: 83-90.

Wilson MJ, Kaye D, Edward SW, Quach HT, Sinha AA, Vatassery GT. Effect of Vitamin E deficiency on the growth and
secretory function of the rat prostatic complex. Exp Mol Pathol 2003; 74: 267-275.

Jerysz A, tukaszewicz, E. Effect of dietary selenium and vitamin E on ganders' response to semencollection and ejaculate
characteristics. Biol Trace Elem Res 2013; 153, 196-204.

Lin YF, Chang SJ, Yang JR, Lee YP, Hsu AL. Effects of supplemental vitamin E during the mature period on the reproduction
performance of Taiwan native chicken cockerels. Br Poult Sci 2005; 46: 366-373.

Ahsan U, Kamran Z, Raza |, Ahmad S, Babar W, Riaz MH, et al. Role of selenium in male reproduction-A review. Anim
Reprod Sci 2014; 146: 55-62.

Bell JG, Cowey CB, Adron JW, Shanks AM. Some effects of vitamin E and selenium deprivation on tissue enzyme levels and
indices of tissue peroxidation in rainbow trout (Salmo gairdneri). Brit J Nutr 1985; 53:149-157

Ye illi C, Mungan G, Seckiner I, Akduman B, Agikgdz S, Altan K. Effect of varicocelectomy on sperm creatine kinase, Hsp A2
chaperone protein (creatine kinase-M type), LDH, LDH-X, and lipid peroxidation product levels in infertile men with varicocele.
Urology 2005; 66: 610-615.

Bandopadhyay G, Sinha S, Chattopadhyay BD, Chakraborty A. Role of cucumin against nicotine induced genotoxicity on rat
liver under restricted dietary protein. Eur J Pharm 2008; 588: 151-157.

Agarwal A, Saleh RA. Role of oxidants in male infertility: Rationale, significance, and treatment. Urol Clin North Am 2002;
29(4): 817-827.

Visconti PE, Kopf GS. Regulation of protein phosphorylation during sperm capacitation. Biol Reprod 1998; 59: 1-6.

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

Alvarez JG, Storey BT. Differential incorporation of fatty acids into and peroxidative loss of fatty acids from phospholipids of
human spermatozoa. Mol Reprod Dev 1995; 42: 334-346.

Sharma RK, Agarwal A. Role of reactive oxygen species in male infertility. Urology 1996; 48: 835-850.

Misro MM, Choudhury L, Upreti K, Gautam D, Chaki SP, Mahajan AS, et al. Use of hydrogen peroxide to assess the sperm
susceptibility to oxidative stress in subjects presenting a normal semen profile. Int J Androl 2004; 27: 82-87.

Aziz N, Saleh RA, Sharma RK, Lewis-Jones |, Esfandiari N, Thomas AJ Jr, et al. Novel association between sperm reactive
oxygen species production, sperm morphological defects, and the sperm deformity index. Fertil Steril 2004; 81: 349-354.
Sikka SC. Relative impact of oxidative stress on male reproductive function. Curr Med Chem 2001; 8: 851-862.

Aitken RJ, Jones KT, Robertson SA. Reactive oxygen species and sperm function - in sickness and in health. J Androl 2012;
33(6): 1096-1106.

Evenson DP, Darzynkiewicz Z, Melamed MR. Simultaneous measurement by flow cytometry of sperm cell viability and
mitochondrial membrane potential related to cell motility. J Histochem Cytochem 1982; 30: 279-280.

Zribi N, Chakroun NF, Elleuch H, Abdallah FB, Ben Hamida AS, Gargouri J. Sperm DNA fragmentation and oxidation are
independent of malondialdheyde. Reprod Biol Endocrinol 2011; 9: 47.

Sun JG, Jurisicova A, Casper RF. Detection of deoxyribonucleic acid fragmentation in human sperm: Correlation with
fertilization in vitro. Biol Reprod 1997; 56: 602-607.

Makker K, Agarwal A, Sharma R. Oxidative stress & male infertility. Indian J Med Res 2009; 129: 357-367

www.apjr.net/printarticle.asp?issn=2305-0500;year=2017;volume=6;issue=4;spage=145;epage=150;aulast=Zubair

4/6



7/27/2020
27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

Effects of dietary vitamin E on male reproductive system :Muhammad Zubair, Asian Pacific Journal of Reproduction

Rengaraj D, Kwon WS, Pang MG, Effects of motor vehicle exhaust on male reproductivefunction and associated proteins. J
Proteome Res 2015; 14: 22-37.

Surai PF, Noble RC, Sparks NHC, Speake BK. Effect of long-term supplementation with arachidonic or docosahexaenoic
acids on sperm production in the broiler chicken. J Reprod Fertil 2000; 120: 257-264.

Surai PF, Fujihara N, Speake BK, Brillard JP, Wishart GJ, Sparks NHC. Polyunsaturated fatty acids, lipid peroxidation and
antioxidant protection in avian semen. Asian-Australas. J Anim Sci 2001; 14: 1024-1050.

Khan RU, Nikousefat Z, Javdani M, Tufarelli V, Laudadio V. Zinc- induced moulting: Production and physiology. World Poult
Sci J 2011; 67: 497-505.

Zaniboni L, Rizzi R, Cerolini S. Combined effect of DHA and a -tocopherol enrichment on sperm quality and fertility in the
turkey. Theriogenology 2006; 65: 1813-1827.

Biswas A, Mohan J, Sastry KV. Effect of higher dietary vitamin E concentrations on physical and biochemical characteristics
of semen in Kadaknath cockerels. Br Poult Sci 2009; 50: 733-738.

Khan RU, Rahman ZU, Javed |, Muhammad F. Effect of vitamins, probiotics and protein on semen traits in post-molt male
broiler breeders. Anim Reprod Sci 2012; 135: 85-90.

Zanini SF, Torres CA, Bragagnolo N, Turatti JM, Silva MG, Zanini MS. Evaluation of the ratio of w 6: w 3 fatty acids and
vitamin E levels in the diet on the reproductive performance of cockerels. Arch Tierernahr 2003; 57: 429-442.

Biswas A, Mohan J, Sastry KV, Tyagi JS. Effect of dietary vitamin E on the cloacal gland, foam and semen characteristics of
male Japanese quail. Theriogenology 2007; 67: 259-263.

Ahmad H, Vahid R, Rohullah A. Effects of intramuscular injections of vitamin E-selenium and a gonadotropin releasing
hormone analogue (GnRHa) on reproductive performance and blood metabolites of post- molt male broiler breeders. Asian
Pac J Reprod 2016; 5(2): 156-160.

Anna J, Ewa L. Effect of dietary selenium and vitamin E on Ganders' response to semen collection and ejaculate
characteristics. Biol Trace Elem Res 2013; 153: 196-204.

Surai P, Kostjuk I, Wishart G. Effect of vitamin E and selenium supplementation of cockerel diets on glutathione peroxidase
activity and lipid peroxidation susceptibility in sperm, testes, and liver. Biol Trace Elem Res 1998; 64: 119.

Luo HL, Jia ZH, Zhu SE, Ding JZ. Effect of vitamin E on the qualities of fresh and frozen thawed ram semen (in Chinese).
China Herb 2004; 24: 14-16.

Hatamoto LK, Baptista SCA, Nichi M, Barnabe VH, Barnabe RC, Cortada CN. Effects of dexamethasone treatment (to mimic
stress) and vitamin E oral supplementation on the spermiogram and on seminal plasma spontaneous lipid peroxidation and
antioxidant enzyme activities in dogs. Theriogenology 2006; 66(6-7): 1610-1614.

Canyurt MA, Akhan S. Effect of dietary vitamin E on the sperm quality of rainbow trout (Onchorynchus mykiss). Aquac Res
2008; 39: 1014-1018.

Houguo Xu, Huang L, Liang M, Zheng K, Wang X. Effect of dietary vitamin E on the sperm quality of turbot (Scophthalmus
maximus). J Ocean Univ China 2015; 14 (4): 695-702.

Khan RU. Antioxidants and poultry semen quality. World' Poultry S J 2011; 67: 297-308.

Khan RU, Rahman ZU, Javed |, Muhammad F. Effects of vitamins, probiotics and protein level on semen traits and some
seminal plasma macro and micro minerals of male broiler breeders after zinc-induced molting. Biol Trace Elem Res 2012;
148: 44-52.

Yousef MI. Vitamin E modulate reproductive toxicity of pyrethroid lambda-cyhalothrin in male rabbits. Food Chem Toxicol
2010; 48: 1152-1159.

Hashem NM, El-Hady AA, Hassan O. Effect of vitamin E or propolis supplementation on semen quality, oxidative status and
hematobiochemical changes of rabbit bucks during hot season. Livest Sci 2013; 157: 520-526.

Marin-Guzman J, Mahan DC, Pate JL. Effect of dietary selenium and vitamin E on spermatogenic development in boars. J
Anim Sci 2000; 78: 1537-1543.

Umesiobi DO. Effect of vitamin E supplementation on the libido and reproductive capacity of Large White boars. S Afr J Anim
Sci 2012; 42: 5.

Rahman HU, Qureshi MS, Khan RU. Influence of dietary zinc on semen traits and seminal plasma antioxidant enzymes and
trace minerals of Beetal bucks. Reprod Domest Anim 2014; 49(6): 1004-1007.

Khan RU, Laudadio V, Tufarelli V. Semen traits and seminal plasma biochemical parameters in White Leghorn layer breeder.
Reprod Domest Anim 2012; 47(2): 190-195.

Zhu H, Luo HL, Meng H, Zhang GJ. Effect of vitamin E supplementation on development of reproductive organs in Boer goat.
Anim Reprod Sci 2009; 113(1-4): 93-101

Krishnamoorthy G, Murugesan P, Muthuvel R, Gunadharini DN, Vijayababu MR, Arunkumar A, et al. Effect of Aroclor 1254 on
sertoli cellular antioxidant system, androgen binding protein and lactate in adult rat in vitro. Toxicology 2005; 212(2-3): 195-
205

Kawakami E, Masanori K, Tatsuya H, Takeharu K. Therapeutic effects of vitamin E supplementation in 4 dogs with poor
semen quality and low superoxide dismutase activity in seminal plasma. J Vet Med Sci 2015; 77(12): 1711-1714.

www.apjr.net/printarticle.asp?issn=2305-0500;year=2017;volume=6;issue=4;spage=145;epage=150;aulast=Zubair

5/6



7127/2020
54

55

56

57

58

59

60

Effects of dietary vitamin E on male reproductive system :Muhammad Zubair, Asian Pacific Journal of Reproduction
Castellini C, Paolo L, Alessandro DB, Alba M, Cecilia M. Oxidative status and semen characteristics of rabbit buck as affected
by dietary vitamin E, C and n-3 fatty acids. Reprod Nutr Dev 2003; 43: 91-103.
Hong Z, Hailing L, Hui M, Guijie Z, Leyan Y, Dubing Y. Effect of vitamin E supplement in diet on antioxidant ability of testis in
Boer goat. Anim Reprod Sci 2010; 117: 90-94.
Yue D, Yan L, Luo H, Xu X, Jin X. Effect of vitamin E supplementation on semen quality and the testicular cell membranal and
mitochondrial antioxidant abilities in Aohan fine-wool sheep. Anim Reprod Sci 2010; 118: 217-222.
Maijid A, Qureshi MS, Khan RU. In vivo adverse effects of alpha- tocopherol on the semen quality of male bucks. J Anim
Physiol Anim Nutr 2015; 99(5): 841-846.
Momeni HR, Oryan S, Eskandar N. Effect of vitamin E on sperm number and testis histopathology of sodium arsenite-treated
rats. Reprod Biol 2012; 12(2): 171-181.
Contri A, De Amicis |, Molinari A, Faustini M, Gramenzi A, Robbe D, et al. Effect of dietary antioxidant supplementation on
fresh semen quality in stallion. Theriogenology 2011; 75(7): 1319-1326.
Oyeyemi WA, Shittu ST, Kolawole TA, Ubanecheand P, Akinola AO. Protective effect of vitamin E on nicotine induced
reproductive toxicity in male rats. Nig J Basic Appl Sci 2015; 23(1): 7-13.

www.apjr.net/printarticle.asp?issn=2305-0500;year=2017;volume=6;issue=4;spage=145;epage=150;aulast=Zubair

6/6


http://www.apjr.net/sitemap.asp
http://www.apjr.net/
http://www.apjr.net/addresses.asp
http://www.apjr.net/feedback.asp
http://www.apjr.net/disclaimer.asp

