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Abstract: The conventional seminal parameters like sperm density, motility, morphology,
etc. are not perfect indicators of seminal functional quality. Hence, Seminal Hyaluronidase
Activity (SHA) and Hypo-osmotic Swelling (HOS score) of sperms that evaluate healthy
sperms of fertilizing potential, were studied in male partners of infertile couples. The semen
samples were obtained, by masturbation after 4 days of abstinence, from recently Fertility
Proven Males (Group-I, n=30) and Male Partners of Infertile Couples [Normozoospermic
(Group-II, n=30) and Oligozoospermic (Group-III, n=30)]. After performing routine seminal
analysis, the semen samples were subjected for SHA and HOS score assessment. The mean *
standard deviation values of SHA (mm of ring diameter) were 9.90%1.65, 8.77+1.87 and
6.50%1.33 in Group-I, Group-II and Group-III, respectively. Similarly, the mean * standard
deviation values of HOS score (%) were 65.5018.69, 58.77+£15.95 and 39.001+9.78 in Group-
I, Group-II and Group-III, respectively. The difference in values of SHA and HOS score
amongst different Groups was very highly significant statistically (p<0.001). Also, we found
significant correlation of SHA and HOS score with sperm density, % motility and % normal
morphology. This study shows that Normozoospermic Infertile Males, although having
normal conventional seminal parameters, have lower SHA and HOS score than Fertility
Proven Males. Thus, it emphasizes the importance of SHA and HOS score assessment in
infertile males.
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Introduction

For fertilization, healthy sperm swims through female genital tract to reach oocyte,
penetrates through the investment of oocyte; nuclear chromatins decondenses to form
male pronucleus and finally male pronucleus fuses with female pronucleus [1].
Hyaluronidase, the one of the acrosomal enzymes that causes dissolution (hydrolysis)
of the cumulus oophorus matrix containing hyaluronic acid surrounding oocyte, if
deficient causes infertility [2]. Similarly, the subtle defects of sperm plasma
membrane can alter the functional integrity of sperms even when morphology is
normal. Such defective functional integrity of sperm plasma membrane may be a
contributing factor in male infertility [3-4]. The functional integrity of sperm plasma
membrane can be evaluated by a simple hypo-osmotic swelling test [5]. As no single
conventional parameter of seminal analysis is perfect indicator of seminal quality, we
tried to compare seminal hyaluronidase activity and hypo-osmotic swelling test score
of male partners of infertile couples with recently fertility proven males and
emphasize the importance of above tests.
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Material and Methods

Thirty semen samples from each, normozoospermic and oligozoospermic male
partners of infertile couples, referred from infertility clinic, were included in this
study. Equal numbers of recently fertility proven males were motivated to donate
their semen samples for comparison. The informed consent was obtained from all the
individuals. Semen samples were obtained by masturbation (after 4 days of sexual
abstinence) and routine seminal analysis including conventional parameters like
sperm density, % motility, % normal morphology, was done according to W.H.O.
standards [6]. Thereafter, seminal hyaluronidase activity and hypo-osmotic swelling
test score was determined for each semen sample.

Seminal hyaluronidase activity was determined by a method based on measurement
of area of digestion of hyaluronic acid in agar plate and expressed as mm of ring size
(i.e. area of substrate digestion) [7-8]. Hypo-osmotic swelling test was performed by
diluting 0.1 ml of semen in 1ml hypo-osmotic solution (HOS). HOS was prepared by
mixing equal volume (0.5 ml) each of 2.7 % fructose solution and 1.47% sodium
citrate solution and then incubated at 37°C for 30 minutes. The slide of this diluted
semen examined under 40x objective of phase contrast microscope. The actual
percentage of sperms showing HOS positive reaction (i.e. HOS score) was
determined by subtracting the number of coiled tail sperms in untreated samples from
the number of coiled tail sperms in treated sample with hypo-osmotic solution [1, 9].

Statistical analysis: The results of routine seminal analysis, seminal hyaluronidase
activity and hypo-osmotic swelling test were analyzed by applying statistical tests
like ANOVA test, T test and Pierson correlation coefficient with help of Microsoft
excel-2007.

Results

The sperm density (10° /ml), % motility, % normal morphology, seminal
hyaluronidase activity (SHA) in mm ring diameter and hypo-osmotic swelling score

(HOS %) in different groups are presented as mean * standard deviation (SD) in
Table-1.

Table-1: Mean values and analysis of variance amongst different groups.

Sperm % Motility % Normal Seminal HOS score
Groups density morphology | hyaluronidase (%)
(10°/ml) activity
(mm ring diameter)
Meant SD Meant SD Meant SD MeantSD Meant SD
F rov&‘;g‘g)“hty 100.67£38.81 | 68.1748.31 | 65.00£10.48 | 9.90+1.65 | 65.50+8.69
Normozoo- | gy 1614542 | 53.17+18.77 | 63.00411.00 | 8.77+1.87 | 58.77+15.95
spermic (n=30)
Oligozoos- 10.83+4.71 | 41.00£16.20 | 44.17416.94 | 6.50+1.33 | 39.00+9.78
permic (n=30)
F=54.10, F=23.55 | F=22.19, F=32.59, F=38.77,
ANOVA test p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
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Mean SHA and HOS score differed significantly in different groups when tested by
ANOVA test (Table-1). Also, comparisons of these values between different groups
were significant (Table-2). The correlation coefficients of seminal hyaluronidase
activity and HOS score with conventional seminal parameters are as presented in
Table-3, indicating very highly significant relationship (p<0.001).

Table-2: Comparison of Seminal hyaluronidase activity and Hypo-osmotic welling Score
amongst different groups.

Comparison Seminal Hyaluronidase Hypo-Osmotic

Activityz Swelling Score

Proven fertility Vs. Normozoospermic t=2.45, p<0.01 t=1.97, p<0.05
Proven fertility Vs. Oligozoospermic t=8.64, p<0.001 t=10.91, p<0.001
Normozoospermic Vs. Oligozoospermic t=5.30, p<0.001 t=5.69, p<0.001
Table-3: Correlation of Seminal hyaluronidase activity and Hypo-osmotic swelling scores

with Conventional seminal parameters.

Correlation coefficient (r) Sperm density | % motility | % normal morphology
Seminal Hyaluronidase Activity 0.7915%* 0.6499%* 0.5022%*
Hypo-Osmotic Swelling score 0.6704* 0.4572%* 0.5401%*

*Indicates p<0.001

There was strong significant correlation between HOS score and seminal
hyaluronidase activity (r=0.5779, p<0.001).

Discussion

In this study, we found significant correlation of seminal hyaluronidase activity with
sperm density, % motility and % normal morphology. Similar findings were reported
earlier [7-8, 10-11].

Testicular semineferous epithelium is responsible for development of hyaluronidase
in newly formed spermatids and thereafter, it remains located in the acrosomal region
of sperm head [12]. This spermatozoal hyaluronidase is released during acrosomal
reaction in the female genital tract and cause dissolution of various envelopes of
ovum, thereby, allowing penetration by sperm to initiate fertilization. Similar release
of hyaluronidase from spermatozoa into the seminal plasma occurs after liquefaction
of collected semen sample, depending upon the status of acrosome [7-8].

As each sperm contributes to the enzyme activity in semen, seminal hyaluronidase
activity is directly proportional to the sperm density in the semen sample. Therefore,
it is highest in proven fertility, slightly lower in normozoospermic and least in
oligozoospermic groups. This could be due the fact that sperm acrosome becomes
more resistant to hyaluronidase release in oligozoospermia and so seminal
hyaluronidase activity goes on decreasing as the severity of oligozoospermia
increases. Hence, both factors i.e. decreased sperm count and the decreased release of
hyaluronidase may be the causative factors of infertility in oligozoospermia [7-8].
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The normal functioning of axonemal proteins (dynein, actin, tubulin, etc.) in
flagellum and the normal energy supply by mid-piece mitochondrial enzymes system
is required to maintain normal sperm motility. Normal testicular germinal epithelium
is responsible normal synthesis and functioning of sperm acrosomal proteins
(acrosin, hyaluronidase, etc.) as well as axonemal and mid-piece proteins. Disordered
germinal epithelium may result in abnormality of these proteins and hence lower
seminal hyaluronidase activity may be associated with lower %motility [12].

The normal intratesticular sperm maturation results in development of sperms with
normal morphology (including head-acrosome) and such sperms will be having
normal acrosomal enzyme (hyaluronidase) content. Various acrosomal
malformations are found to be associated with other morphological abnormalities
such as microheads, pinheads, etc [4, 11]. Therefore seminal hyaluronidase activity is
well correlated with % normal sperm morphology indicating decrease in seminal
hyaluronidase activity with increase in % of abnormal sperm morphological forms
that can better be understood by detailed electron microscopical study.

We observed significant correlation of HOS score with sperm density, % motility
and % normal morphology. Many other workers have also found similar correlations
[13-17].

HOS is a very simple and inexpensive test to evaluate functional and structural
integrity of sperm plasma membrane. It is based on the principle that fluid transport
occurs across the intact cell membrane under the hypo-osmotic condition until
equilibrium is achieved and results in bulging of sperms, especially, in the tails
where plasma membrane is loosely attached. Bulging of tails results in coiling of
sperm tails [3, 5, 9]. Transport of fluid and nutrients occurs when plasma membrane
is having normal pores and protein channels that can supply nutrients for normal
functioning of sperm organelles [17]. Therefore, lower HOS scores which reflect
abnormalities of sperm plasma membrane may be associated with dysfunctional
sperm head, mid-piece and tail proteins affecting sperm density, sperm motility,
sperm morphology and seminal hyaluronidase activity. All these functions are
dependent primarily upon normal functioning of testicular epithelium. Affection of
functions of male genital organs causes decreased seminal hyaluronidase activity and
hypo-osmotic swelling scores [18-20]. Hence, HOS score has strong correlation with
sperm density, % motility, % normal morphology [21] and also with seminal
hyaluronidase activity.

Finally, it can be concluded that seminal hyaluronidase activity and hypo-osmotic
swelling score are the direct indicators of testicular germinal epithelial activity. Thus;
it emphasizes the importance of assessment of seminal hyaluronidase activity and
hypo-osmotic swelling score, at least, in infertile males having normal conventional
seminal parameters.

It is further recommended that detailed study should be carried out over a large
sample size using electron microscope along with sperm penetration assays.

© 2011. Al Ameen Charitable Fund Trust, Bangalore 218



Al Ameen J Med Sci; Volume 4, No.3, 2011 Tambe AS & Sawane MV

Acknowledgement

We thank Mrs. Pande, senior technician in immunological section, Department of
Microbiology, Government Medical College, Nagpur for her skilled technical
assistance.

11.

12.

13.

14.

15.

16.

17.

References

Practical Semenology. Published by Hope Infertility Clinic Pvt. Ltd. Midford Gardens,
Bangalore (India) 1993.

Dandekar P, Aggeler J, Talbot P. Structure, distribution and composition of extracellular
matrix of human oocyte and cumulus masses. Hum Reprod 1992, Mar; 7(3): 391-98.
Jayendran RS, VanderVen HH, Perez-pelaez M, Crabo BG, Zaneveld LID. Development
of an assay to assess the functional integrity of human sperm membrane and its
relationship to other semen characteristics. J Reprod Fertil 1984; 70: 219-28.

Schill WB. Some disturbances of acrosomal development and function in human
spermatozoa. Hum Reprod 1991; 6: 969-78.

Jayendran RS, Vander Ven HH, Zaneveld LJD. The hypo-osmotic swelling test: an
update. Arch Androl 1992;29: 105-16.

W.H.O. Laboratory manual for examination of human semen and sperm-cervical mucus
interaction. 3™ edition, New York, Cambridge University Press, 1993.

Singer R, Sangiv M, Allalouf D, Levinski H, Barnet M, Landau B, Segenreich E,
Servadio C. Estimation of hyaluronidase activity of human semen and its relationship
with sperm density by means of a simplified method. Int J Fertil 1982; 27: 176-80.
Tambe AS, Kaore SB, Sawane MV, Gosavi GB. Acrosome intactness and seminal
hyaluronidase activity: relationship with conventional seminal parameters. Ind J Med Sci
2001, Mar; 55(3): 125-32.

ICMR-Bulletin. Research in infertility 1996; 26: 97-105.

. Hirayama T, Hasegawa T, Hiroi M. The measurement of hyaluronidase activity in human

spermatozoa by substrate slide assay and its clinical application. Fertil Steril 1989; 51:
330-34.

Abdul-Aziz M, MacLusky NJ, Bhavanani BR, Casper RF. Hyaluronidase activity in
human semen: Correlation with fertilization in-vitro. Fertil Steril 1995; 64: 1147-53.
Hoshi K, Sugano T, Yoshimattsu N, Yanagida K. Correlation of semen characterization
with acrosin, hyaluronidase, tubulin, dynein and actin of spermatozoa. Arch Androl 1995;
35:165-72.

Lin Y, Kimmel LH, Myles DG, Primakokoff P. A hyaluronidase activity of sperm
plasma membrane protein PH-20 enables sperm to penetrate the cumulus cell layer
surrounding the egg. J Cell Biol 1994, Jun; 125(5): 1157-63.

Chan SYW, Fox EJ, Chan MMC, Wai-Loong T, Wang C, Tang LCH, Pak-Chung HO.
The relationship between the human sperm hypo-osmotic swelling test, routine semen
analysis and human sperm zona-free hamster ovum penetration assay. Fertil Steril 1985,
Nov; 44(5):668-72.

Liu DY, Du Plessis YP, Nayudu PL, Johnston WIH, Baker WHG. The use of in-vitro
fertilization to evaluate putative test of human sperm function. Fertil Steril 1988; 49:
272-77.

Rogers BJ, Parker RA. Relationship between the human sperm hypo-osmotic swelling
test and sperm penetration assay. J Androl 1991; 12: 152-58.

Smith R, Madariaga M, Burtos-Obregon E. Reappraisal of the hypo-osmotic swelling
test to improve assessment of seminal fertility status. Int J Androl 1992; 15: 5-13.

© 2011. Al Ameen Charitable Fund Trust, Bangalore 219



Al Ameen J Med Sci; Volume 4, No.3, 2011 Tambe AS & Sawane MV

18. Yadav SB, Sardeshamukh AS, Suryakar AN. A study of seminal hyaluronidase, fructose,
lipid peroxide and zinc in primary infertility. J Obst Gyn India 2001; 51(3): 142-45.

19. Suvarna SK, Tayde SM. Role of sperm function test in unexplained infertility. J Obst
Gyn India 2001; 51(5): 146-49.

20. Yadav SB, Suryakar AN, Huddedar AD, Shukla PS. Effect of antioxidants and
antibiotics on seminal oxidative stress in leukocytospermic infertile men. Indian J Clin
Biochem 2006; 21(1): 152-56

21. Gopalkrishnan K, Padwal V, Balaiah D. Efficiency of routine seminal analysis to predict
functional and structural integrity of human spermatozoa. Indian J Exp Biol 1995;
33:652-54.

*All correspondences to: Dr Anil S. Tambe, Associate professor, Dept. of Physiology, Government
Medical College, Nagpur, Maharashtra. Pin-440003 Email- tanil72 @rediffmail.com

© 2011. Al Ameen Charitable Fund Trust, Bangalore 220



