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ABSTRACT 

Semen samples were obtained from 37 fertile and 37 subfertile men with asthenozoospermia between July 2011 to 

April 2012, from couples who consulted the infertility clinic of the Babil hospital of maternity (Hilla city/ IRAQ). The 

subfertile group consist of the patients which treated with zinc sulfate, every participant took two capsules of zinc sulfate per 

day for three months (each one 220mg). Semen samples were obtained (before and after zinc sulfate supplementation). After 

liquefaction seminal fluid at room temperature, routine semen analyses were performed. For determination of the amount of 

zinc binding proteins, the gel filtration of seminal plasma on Sephadex G-25 was performed.  All the fractions were 

investigated for protein and for zinc concentration by atomic absorption spectrophotometry. Evaluation of chromatograms was 

made directly from the zinc concentration in each fraction. In this study we observed a significantly elevated semen high plus 

intermediate molecular weight zinc binding ligands levels (p<0.001) in fertile males compared with subfertile males. On the 

other hand, seminal low molecular weight ligands (major & minor LMW-Zn) have opposite behavior, However, zinc 

supplementation restores high plus intermediate molecular Weight zinc binding ligands levels in the subfertile men to the 

normal ranges (p<0.001), elevates major-Low molecular weight zinc binding protein (peak II) to more than normal levels 

(p<0.001); and raises the levels of minor-Low molecular weight zinc binding protein (peak III). Volume of semen, progressive 

sperm motility percentage and total normal sperm count increases after zinc sulfate supplementation.  

KEY WORDS: Zinc Supplementation, Low Molecular Weight Zinc Binding Protein, Gel Filtration,Asthenozoospermia/ 

Semenogelin 

INTRODUCTION 

Subfertility is defined as lack of ability to conceive after one year of unprotected regular sexual intercourse with the 

same partner. For this explanation, couples proceed to recognize either partner’s responsibility. Half of these couples will 

consist of a component of male factor infertility 
1)

. Male subfertility commonly comprises a status in which the incapability to 

conceive is related to an alteration present in the male partner. This modification may be related to low sperm production 

(oligozoospermia), poor sperm motility (asthenozoospermia) or abnormal sperm morphology (teratozoospermia) 
2)

. 

There are several causes leading to male infertility, like oxidative stress, and nutritional deficiency of trace elements 

like, selenium and zinc 
3,4)

. The Zn is the following only to iron as the most abundant element in the body.  Although, Zinc is 

found in red meat, white meat, fish, and milk; the World Health Organization (WHO) approximates that one-third of world 

population is deficient in Zn 
5)

. Zinc serves as a cofactor for more than 80 metallo enzymes concerned in DNA transcription 

and protein synthesis. These two processes are major components of germ cell development; for this reason, zinc is expected to 

be important for reproduction. Zinc  is essential  for  the  testicular  steroidogenesis, testicular  development, synthesis  of  
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luteinizing  hormone  (LH), secretion  of follicle  stimulating  hormone  (FSH), testosterone synthesis, conversion of 

testosterone to 5α-dihydrotestosterone, gonadal  differentiation,  formation  and  maturation  of  spermatozoa, acrosome 

reaction, acrosin activity, and  fertilization. Moreover, zinc binding proteins are implicated in the genetic expression of steroid 

hormone receptors 
6,7)

 and zinc also has anti apoptotic 
8)

 and antioxidant properties 
9)

.  

The binding of zinc with different proteins, such as metallothioneins [MT] and α-2 macroglobulin [α-2M] is essential 

immune efficiency for the duration of ageing and in age-related diseases 
10)

. Metallothionein is concerned with zinc metabolism 

and defense against certain metal toxicities 
11)

.  

Zinc insufficiency might affect oxidative stress by impairing signal transduction pathways, altering gene expression of 

zinc binding protein Metallothionein in some cells and tissues and influencing cell proliferation and apoptosis. Supplemental 

zinc and over expression of metallothionein assist to protect cells and tissues from oxidative stress 
12)

. Studies have shown that 

oral zinc supplementation improves sperm count, motility and morphology of sperm in experimental animals 
13,14)

 and also, in 

some groups of subfertile men 
15,16)

. The aim of the present work is to study the effect of Zn supplementation from zinc sulfate 

on the quantitative and qualitative characteristics of semen along with low molecular weight Zinc binding Protein (LMW-Zn) 

levels in the seminal plasma of patients with asthenozoospermia. 

MATERIALS AND METHODS 

Patients 

This study includes 37 subfertile male partners between July 2011 to April 2012, from couples who had consulted the 

infertility clinic of the Babil hospital of maternity (Hilla city/ IRAQ). The approval of the institutional research ethics 

committee, and consent of every patient included in the study was obtained. A detailed medical history was taken and physical 

examination was performed. The inclusion criteria were the presence asthenozoospermia in the semen sample and the absence 

of endocrinopathy, varicocele, and female factor infertility. All measurements and chemical calculations are carried out in the 

laboratories of Department of chemistry / Faculty of Science / University of Babylon / Iraq.  

Semen analyses:  

Semen samples were obtained from 37 fertile (age 31.4±4.2 year) and 37 subfertile (age 32.3±3.68 year) men with 

asthenozoospermia by masturbation after three days of sexual abstinence. The subfertile group includes the patients who are 

treated with zinc sulfate, every participant took two capsules of zinc sulfate per day for three months (each one 220mg). Semen 

samples were obtained (before and after zinc sulfate supplementation). After liquefaction seminal fluid at room temperature, 

routine semen analyses including semen volume, pH, concentration, sperm motility, normal sperm morphology and round cell 

were performed according to 1999 WHO  recommendation 
45

. 

An aliquot of the remaining semen was centrifuged at 2000 g for 15 min and the seminal plasma was collected 

immediately. These fractions were classified into three groups called group I (healthy donors), group II (patients before 

treatment) and group III (patients after treatment) respectively. After that, the samples were frozen (-20°C) until analyzed. 

Gel filtration: 

Arver 
17)

 demonstrated that Zinc  in  human  seminal  plasma  was  divided  into three types of ligands are  high 

(HMW), intermediate (IMW), and low molecular weight ligands (LMW) with apparent molecular weights of  >  80 000, 3000- 
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80 000  and  <  3000, respectively. When the filtration was done on Sephadex G-25 the IMW ligands were recovered together 

with HMW in Vo. The LMW ligands were recovered in one major and one minor fraction. The present study was achieved to 

study the effect of Zinc supplementation on the levels of major (major-LMW-Zn) and minor (minor-LMW-Zn) Low molecular 

Weight Zinc Binding Protein in the seminal plasma of patients with asthenozoospermia. 

Sephadex G-25 packed in a 1.13×195 cm glass column and equilibrated and eluted with 0.05 M Tris buffer containing 

1 M NaCl, pH 7.4.  The elution was collected at a flow rate of 10 ml cm 
–2

 h 
–1

. All the fractions were investigated for protein 

(A 280nm) and for zinc concentration by atomic absorption spectrophotometry (Shimadzu AA 3600). Homogeneity of gel  

packing  and  void  volume  (Vo)  was checked  with Dextrane  Blue 2000  (Pharmacia,  Sweden). Total column volume was 

calculated from column dimensions. Evaluation of  chromatograms  were made directly from the  zinc  concentration in  each  

fraction and  the  peaks  were  referred  to  as  I (High and Intermediate molecular Weight),  II (major-Low molecular Weight),  

and  III (minor-Low molecular Weight) zinc binding proteins respectively. The area of peak calculated by Simpson’s 1/3 rule 

18)
. 

Statistical analysis 

Student’s t and the Mann–Whitney U-tests were used for statistical analyses.  

RESULTS 

In Table (1), the baseline characteristics of the semen parameters are depicted in the fertile and subfertile (before and 

after treatment with zinc sulfate) groups. The semen parameters were significantly different between them. 

Table  1: Ejaculates Parameters 

 

 Semen volume 

(ml) 

Sperm 

count(×10
6
) 

Progressive sperm 

motility (%) 

Normal sperm 

form (%) 

Healthy donors 2.8±0.43 83±16 68±12 77±5 

Patients before 

treatment 

1.72±0.66 

* 

68±17 

* 

22±7 

* 

66±12 

Patients after 

treatment 

2.38±0.6 

** 

70±17 38±8 

** 

71±8 

** 

 

Sn1*: significance versus group I (Healthy donors) 

Sn2 **: significance versus group II (Patients before treatment) 

           The  common  appearance of the  zinc  distribution  between  different  ligands  in human seminal  plasma as discovered  

by  gel filtration on Sephadex G-25 is  demonstrated in  Fig.  1.   
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Fig.1: Distribution of Zinc in One Sample of Human Seminal Plasma of Each Group Peak I (High Plus Intermediate 

Molecular Weight), Peak II (Major-Low Molecular Weight), and Peak III (Minor-Low Molecular Weight) Zinc 

Binding Proteins Respectively. 

In this study we observed a significantly elevated semen high and intermediate molecular weight zinc binding ligands 

levels (p<0.001) in fertile males compared with subfertile males. On the other hand, seminal low molecular weight ligands 

(LMW-Zn) have opposite behavior. However, zinc supplementation restores high and intermediate molecular Weight (peak I) 

zinc binding ligands levels in the subfertile men to the normal ranges (p<0.001), elevates major-Low molecular weight zinc 

binding protein (peak II) to more than normal levels (p<0.001), and raises the levels of minor-Low molecular weight zinc 

binding protein (peak III). 

When these results are converted to percentage by calculating the area under the peak by Simpson’s 1/3 rule for each 

type 
18)

; we found that zinc supplementation have been improved the percentage of high and intermediate molecular weight of 

zinc binding protein in patients with asthenozoospermia and reduced the percentage of minor-Low molecular weight zinc 

binding protein. The combined results from nine semen samples of each group subjected to gel filtration shown in figure (2). 

 

 

 

 

 

 

 

 

Fig 2: The Combined Results from 9 Semen Samples of Each Group Subjected to Gel Filtration. All Results 

Represented as Mean ± SD. 
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DISCUSSIONS 

Zinc has a fundamental role in reproduction in males. It is very elevated in the male genital organs compared with 

other tissues and body fluids 
19)

, predominantly in the prostate gland, which is largely responsible for the high zinc content in 

seminal plasma. There have been disagreement among clinical reports on the relationship between zinc concentrations in 

seminal plasma and semen fertility parameters such as sperm count, motility, and the physical characteristics of sperm. 

 Yuyan et al., 
20)

 found that zinc concentrations in seminal plasma were lower in subfertile men compared with fertile 

controls. This result has been obtained also by other researchers
21, 22, 23, 24, 25)

. In addition, it is shown that men with 

oligoasthenozoosperia had moderate lower seminal plasma zinc concentrations compared with men with normal sperm counts 

26)
. On the other hand, other researchers indicated that total seminal plasma zinc concentrations were similar between fertile 

and subfertile subjects 
27, 28, 29, 30)

.  On the contrary, Danscher et al. 
31)

 indicated a high concentration of Zn to be coupled with 

poor motility of sperm.  

Consequently, total seminal zinc levels may not be a useful indicator of the zinc fraction associate with physical 

characteristics of sperm and a more appropriate marker of the ion bioavailability should be utilized to assess its relationship to 

sperm functions. The best clinical marker is zinc binding protein because all the earlier studies recognized that a zinc binding 

protein linked with sperm functions such as count and motility 
32, 27)

. These studies focused on high molecular weight zinc 

binding protein to assess the efficiency of semen, but did not give the necessary attention to the low molecular weight zinc 

binding protein. The present study highlights low molecular weight zinc binding protein as suitable marker for study evaluation 

of semen. It is not interested with high molecular weight zinc binding protein HMW because it is integrated with intermediate 

molecular weight zinc binding protein IMW in Vo when the filtration was done on Sephadex G-25 while the LMW ligands 

were recovered in one major and one minor fraction. 

Low molecular weight zinc binding proteins LMW-Zn increases in seminal plasma of asthenozoospermic patients 

may be because of the elevation of the levels of semenogelin in seminal plasma of asthenozoospermic subjects. Bharadwaj 

Siva et al. 
33)

 used two-dimensional PAGE MALDI MS/MS to recognize 75 protein spots with differential expression levels 

between asthenozoospermic samples and controls. Prior to this study, Martinez-Heredia et al. 
34)

 utilized 2DE-MS to 

distinguish 17 protein spots with differential expression levels between asthenozoospermic and normozoospermic samples. 

Obviously, semenogelin has been shown to rise in asthenozoospermic samples. Another scientific discovery 
35)

 established that 

semenogelin I precursor recognized as four kinds of protein. Two of these proteins distinguished as 14 kDa fragments and the 

other two were 17 kDa fragments. All these proteins were highly expressed in asthenozoospermic patients. The 14 kDa 

fragment of semenogelin has an inhibitory effect on ejaculated spermatozoa 
36)

.   

      Semenogelin presents in the seminal vesicles may be in a random, unarranged distribution, and protected from 

proteolysis by protein C inhibitor (PCI). In prostatic secretions, zinc found at concentrations enough to inhibit most of prostate-

specific antigen (PSA) activity 
37)

. Semenogelin is defined as a sperm motility inhibitor, which is classified into two types of 

intermediate molecular weight zinc binding protein (IMW-ZnBP), [because it has molecular weight more than 3000 and less 

than 80 000]. The first, Semenogelin I (a protein of molecular weight (MW) 52 kDa) and the second, Semenogelin II (existed 

as two forms of a Sg I-related protein with MWs of 71 and 76 kDa) 
38, 39)

. At ejaculation, Semenogelin might chelates nearly all 

the free zinc contributed by prostatic secretions because it has a higher Zn
2+

 -binding affinity than PSA 
40)

.  
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      The rapid decrement in free zinc concentration would cause activation of serine proteases (prostate-specific antigen 

(PSA)), release the interaction of Semenogelin with PCI, allowing PSA to cleave Semenogelin molecules (intermediate 

molecular weight zinc binding protein (IMW-ZnBP)) to produce soluble fragments (Low molecular weight zinc binding 

protein ((LMW-ZnBP)) 
41)

 and causing the gradual liberate of free PCI into the soluble liquefied phase
42)

.  

      Zinc would be liberated owing to structural alteration around the metal coordinating residues of the Semenogelin caused 

by the cleavage of the polypeptide backbone by PSA, and sperm motility would increase progressively. In conclusion, the 

resulting increase in free zinc would again inhibit PSA and then prevent additional undesirable proteolysis of Semenogelin and 

structural injury to spermatozoa or other tissues. Soluble PCI might also reproduce a complex with PSA. In corresponding to 

this liquefaction, the spermatozoa become regularly more motile, as shown in Fig 3.  

     

 

 

 

 

 

 

 

 

Fig 3: The Coagulation and Liquefaction of Human Semen. 

Zinc supplementation raises LMW-Zn in seminal plasma of asthenozoospermic subjects to more than normal value, 

that is may be because of its improvement of the synthesis of metallothioneins (Low molecular weight zinc binding protein) 
43, 

44)
. The increment of LMW-Zn after supplementation is not harmful to spermatozoa because it is not produced from the 

degradation of semenogelin, i.e. it does not include 14-kDa fragment of semenogelin which has an inhibitory effect on 

ejaculated spermatozoa. 

Abbreviations: Zn: Zinc; AAS: Atomic Absorption Spectroscopy; WHO: World Health Organization; HMW: high molecular 

weight zinc binding protein; IMW: intermediate molecular weight zinc binding protein; LMW: low molecular weight zinc 

binding protein; sg: semenogelin. 

Acknowledgements: We would like to thank Mr. Ahmed Sadoon (Research  Laboratory of Trace elements, Chemistry 

Department, College of Science, Babylon University, Hilla, Iraq) for his help and assistance in chemical analysis. 

Author details:  
1
Chemistry Dept., College of Science, Babylon University, Iraq. 

2 
Surgery Dept., College of Medicine, Babylon University, Iraq. 



Using Low Molecular Weight Zinc Binding Protein for Assessment of Semen Quality                                                                                                          25 

 

Authors’ contributions:  The authors have contributed important roles to the design and viewing of the study. Principally, 

Mahmoud wrote the manuscript, contributed to the investigation and elucidation of the data. Lamia participated in its design 

and coordination and assisted to draft the manuscript.  Abdul Razzaq contributed to the implementation of the protocol. All the 

authors have been involved in drafting and revising the manuscript, have read, and approved the final manuscript. 

Competing interests: The authors declare that they have no competing interests. 

REFERENCES 

1. M.L. Poland, K.S. Moghissi, P.T. Giblin, J.W. Ager, J.M. Olson, Variation of semen measures within normal men, 

Fertil Steril 44 (1985) 396–400. 

2. D.S. Guzick, J.W. Overstreet, P. Factor-Litvak, Sperm morphology, motility, and concentration in fertile and infertile 

men, N Engl J Med 345 (2001) 1388–93. 

3. W.Y. Wong, C.M. Thomas, J.M. Merkus, G.A. Zielhuis, R.P. Steegers-Theunissen, Male factor sub-fertility: Possible 

causes and the impact of nutritional factors, Fertil Steril 73 (2000) 435-442. 

4. F.O. Olayemi,  A review on some causes of male infertility.  African Journal of Biotechnology 9 (20) (2010) 2834-

2842. 

5. M.S. Khan, S. Zaman, M. Sajjad, M. Shoaib, G.Gilani, Assessment of the level of trace element zinc in seminal 

plasma of males and evaluation of its role in male infertility, Int J App Basic Med Res 1 (2011) 93-6. 

6. A.E. Favier,    The  role  of  zinc  in  reproduction.  Hormonal  mechanisms,  Biol  Trace Elem  Res  32 (1992) 363-81. 

7. L.P. Freedman, Anatomy of the steroid receptor zinc finger region, Endocr Rev 13 (1992) 129–145. 

8. F. Chimienti, M. Aouffen, A. Favier, M. Seve, Zinc homeostasis-regulating proteins: new drug targets for 

triggering cell fate, Curr Drug Targets 4 (2003) 323–338. 

9. M.P. Zago, P.I. Oteiza, The antioxidant properties of zinc: interactions with iron and antioxidants, Free 

Radic Biol Med 31 (2001) 266–274. 

10. E. Mocchegiani, L. Costarelli,  R. Giacconi,  C. Cipriano,  E. Muti, M. Malavolta, Zinc-Binding Proteins 

(Metallothionein and α-2 Macroglobulin) and lmmunosenescence, Experimental Gerontology  41 (11) 

(2006) 1094–1107. 

11. S.R. Davis, R.J. Cousins, Metallothionein expression in animals: A physiological perspective on function, 

J Nutr 130 (2000)  1085-1088. 

12. E. Hijova, Metallothionins and zinc: their functions and interactions, Bratisl Lek Listy 105 (5-6) (2004) 

230-234. 

13. N. Ghasemi, H. Babaei, Azizallahi S, Kheradmand A. Effect of long-term administration of zinc after 

scrotal heating on mice spermatozoa and subsequent offspring quality. Andrologia 41 (2009) 222–228. 

14. M. Rafique, A. Naqvi, K. Nankani, Zinc improves the quality of semen albino rats. Medical channel  16 

(4) (2010) 619-622.  

15. I.M.W. Ebisch, F.H. Pierik, F.H. De Jong, C.M.G. Thomas, R.P.M. Steegers-Theunissen, Does folic acid 

and zinc sulfate intervention affect endocrine parameters and sperm characteristics in men?, International 

journal of Andrology   29 (2006) 339–345.  



26                                                               Mahmoud Hussein Hadwan, Lamia A. Almashhedy&Abdul Razzaq S. Alsalman 

 

16. W.Y. Wong, H.M. Merkus, C.M. Thomas, R. Menkveld, G.A. Zielhuis, R.P. Steegers-Theunissen, Effects 

of folic acid and zinc sulfate on male factor subfertility: a double-blind, randomized, placebo-controlled 

trial, Fertility and Sterility   77 (2002) 491–498. 

17. S. Arver, Zinc and zinc ligands in human seminal plasma. I. Methodological aspects and normal findings, 

Int. J. Andrology  3 (1980) 629–642. 

18. J. D. Hoffman, Numerical Methods for Engineers and Scientists Revised and Expanded; Second Edition 

2001 MARCEL DEKKER, INC. pp: 293-295. 

19. M.B. Sorensen, M. Stoltenberg, G. Danscher, E. Ernst, Chelating of intracellular zinc ions affects human 

sperm cell motility, Mol Hum Reprod 5 (1999) 338-341. 

20. L. Yuyan, W. Junqing, Y. Wei, Z. Weijin, G. Ersheng, Are serum zinc and copper levels related to semen 

quality?, Fertility and Sterility 89(4) (2008) 1008-1011. 

21. J.L. Marmar, S. Katz, D.E. Praiss, T.J. DeBenedictis, Semen zinc levels in infertile and postvasectomy 

patients and patients with prostatitis, Fertil Steril 26  (1975) 1057–1063. 

22. A.A. Caldamone, M.K. Freytag, A.T. Cockett, Seminal zinc and male infertility, Urology 13 (1979) 280–

281. 

23. U. Kvist, S. Kjellberg, L. Bjorndahl, J.C. Soufir, S. Arver, Seminal fluid from men with agenesis of the 

Wolffian ducts: zinc-binding properties and effects on sperm chromatin stability, Int J Androl 13 (1990) 

245–252. 

24. M. Mankad, N.G. Sathawara, H. Doshi, H.N. Saiyed, S. Kumar, Seminal plasma zinc concentration and α-

glucosidase activity with respect to semen quality, Biol Trace Elem Res  110 (2006) 97-106. 

25. S.E. Chia, C. Ong, L. Chua, L. Ho, S. Tay, Comparison of zinc concentration in blood and seminal plasma 

and various sperm parameters between fertile and infertile men, J Androl  21 (2000) 53-7. 

26. M. Saaranen, U. Suistomaa, M. Kantola, S. Saarikoski, T. Vanha-Perttula, Lead, magnesium, selenium 

and zinc in human seminal fluid: comparison with semen parameters and fertility,  Hum Reprod  2 (1987) 

475–479. 

27. O.F. Abdul-Rasheed, The relationship between seminal plasma zinc levels and high molecular 

weight zinc binding protein and sperm motility in Iraqi infertile men,  Saudi Med J  30(4) (2009) 485-493. 

28. W.Y. Wong, G. Flik, P.M. Groenen, D.W. Swinkels, C.M. Thomas, J.H. Copius-Peereboom, H.M. Merkus, R.P. 

Steegers-Theunissen, The impact of calcium, magnesium, zinc, and copper in blood and seminal plasma on semen 

parameters in men, Reprod Toxicol  15 (2001)131-6. 

29. S. Bakalczuk, D. Robak-Cholubek, G. Jakiel, W. Krasucki, Level of zinc and magnesium in semen taken 

from male partners of married infertile couples, Ginekol Pol  65 (1994) 67-70. 

30. H. Fuse, T. Kazama, S. Ohta, Y. Fujiuchi, Relationship between zinc concentrations in seminal plasma 

and various sperm parameters, Int Urol Nephrol 31 (1999) 401-449. 

31. G. Danscher, R. Hammen, E. Fjerdingstad, H. Rebbe, Zinc content of human ejaculate and the motility of 

sperm cells,  Int. J. Androl 1 (1978) 576–581. 



Using Low Molecular Weight Zinc Binding Protein for Assessment of Semen Quality                                                                                                          27 

 

32. A. Carpino, L. Siciliano, M.F. Petroni, C. De Stefano, S. Aquila, S. Ando, Low seminal zinc bound to 

high molecular weight proteins in asthenozoospermic patients: evidence of increased sperm zinc content 

in oligoasthenozoospermic patients. Hum Reprod 1998; 13:111-4. 

33. A. Bharadwaj Siva, D. Butchi Kameshwari, V. Singh, K. Pavani, C.S. Sundaram, N. Rangaraj, M. 

Deenadayal, S. Shivaji, Proteomics-based study on asthenozoospermia: differential expression of 

proteasome alpha complex. Molecular Human Reproduction 16 (7) (2010) 452-462. 

34. J. Martinez-Heredia, S. de Mateo, J.M. Vidal-Taboada, J.L. Ballesca, R. Oliva, Identification of proteomic 

differences in asthenozoospermic sperm samples, Hum Reprod  23 (2008) 783–791. 

35. C. Zhao, R. Huo, F.Q. Wang, M. Lin, J.H. Zhou ZM Sha, Identification of several proteins involved in the 

regulation of sperm motility by proteomic analysis, Fertil Steril  87 (2007) 436–444. 

36. K. Yoshida, T. Yamasaki, M. Yoshiike, S. Takano, I. Sato, T. Iwamoto, Quantification of seminal plasma 

motility inhibitor/semenogelin in human seminal plasma,  J Androl 24 (2003) 878–884. 

37. M. Robert, B.F. Gibbs, E. Jacobson, C. Gagnon, Characterization of prostate-specific antigen proteolytic 

activity on its major physiological substrate, the sperm motility inhibitor precursor:semenogelin I, 

Biochemistry 36 (1997) 3811 – 3819. 

38. N. Chaistitvanich, V. Boonsaeng, Molecular structure of human seminal coagulum: the role of disulfide 

bonds, Andrologia  15 (1983) 446–451. 

39. H. Lilja, C.B. Laurell, The predominant protein in human seminal coagulates, Scand J Clin Lab Invest. 45 

(1985) 635–641. 

40. M. Jonsson, S. Linse, B. Frohm, A. Lundwall, J. Malm,  Semenogelins I and II bind zinc and regulate the 

activity of prostate-specific antigen, Biochem J  387  (2005) 447–453. 

41. H. Lilja, A kallikrein-like serine protease in prostatic fluid cleaves the predominant seminal vesicle 

protein,  J Clin Invest 76 (1985) 1899–1903. 

42. H. Kise, J. Nishioka, J. Kawamura, K. Suzuki, Characterization of semenogelin II and its molecular 

interaction with prostate-specific antigen and protein C inhibitor, Eur. J. Biochem. 238 (1996) 88–96. 

43. V. Di Leo, R. DInca, M. Barollo, A. Tropea, W. Fries,  E. Mazzon,P.  Irato , A. Cecchetto, G.C. Sturniolo, 

Effect of zinc supplementation on trace elements and intestinal metallothionein concentrations in 

experimental colitis in the rat, DIG LIVER D  33 (2) (2001) 135-139. 

44. D.M. Alscher, N. Braun, D. Biegger, C. Stuelten, K. Gawronski, T.E. Mürdter, U. Kuhlmann, P. Fritz, 

Induction of Metallothionein in Proximal Tubular Cells by Zinc and Its Potential as an Endogenous 

Antioxidant, Kidney Blood Press Res  28 (2005)127-133. 

45.  (WHO) World Health Organization (1999): Laboratory Manual for the Examination of Human Semen 

and Semen-Cervical Mucus Interaction, 4th ed. Cambridge, Cambridge University Pr 





 

 


