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ABSTRACT: During normal spermatogenesis, most of the round spermatid’s cytoplasm was phagocytosed as
‘residual bodies’ by the Sertoli cell at spermiogenesis, and only a small cytoplasmic residue i.e. ‘cytoplasmic
droplet’ remains applied to the elongated spermatid after release from the germinal epithelium. A characteristic
morphological change on spermatozoa during epididymal transit was the caudal migration of the cytoplasmic
droplet away from the neck via the principal piece, however, while studying the Cyclophosphamide (CPA) induced
sperm morphological changes from the cauda epididymis in male Wistar rat, Rattus norvegicus using phase contrast
microscope it was noticed that the sub-chronic and acute doses of CPA caused retention of cytoplasmic droplet on
the mid-piece. Thus from the foregoing it was concluded that beside CPA being an inhibitor of spermatogenesis, it
also interferes with the maturation of spermatozoa by the retention of cytoplasmic droplet perhaps due to alteration
in epididymal secretory and absorptive functions thus leading to infertility.
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INTRODUCTION

The cytoplasmic droplet of epididymal spermatozoa was a small localized outpunching of cytoplasm on the tail of
unknown significance. Generally a greater proportion of spermatozoa looses their cytoplasmic droplet during its
transit from corpus to cauda epididymis. This indicates that spermatozoa maturation takes place between the corpus
and cauda epididymis since loss of cytoplasmic droplet was considered as an index of spermatozoa maturation in
mammals (Bedford, 1975). Further, the location of cytoplasmic droplet changes from proximal to the distal end of
the mid-piece in an increasing percentage of spermatozoa during their epididymal transit (Cortadellas and Durfort,
1994; Cooper and Yeung, 2003). While studying the effect of an anticancer drug Cyclophosphamide on the male
reproductive organs in Wistar rat Rattus norvegicus the authors observed retention of cytoplasmic droplet and their
progressive decline and shift in position from the middle piece to principal and to the distal end of the tail, and these
changes are dose dependent.

MATERIALS AND METHODS

Drug

The anticancer drug Cyclophosphamide (Endoxan-N, CAS no. 50-18-0), with the chemical formula C;H;5CI,N,O,P
and molecular weight, 261.086 g/mol. manufactured by Candila Healthcare Limited, Goa was used for the present
experiments.

Animals

Male Wistar rat Rattus norvegicus weighing between 250-300g were obtained from Department of Biochemistry,
RTM Nagpur University, Nagpur. Animals were maintained in the laboratory under an absolute hygienic condition
as per the recommended procedures by fulfilling all the necessary ethical standards. They were fed ad libitum with
standard pellet diet and had free access to water and kept on a 12hrs light-dark cycle.

Treatments

Animals were allowed to acclimatized for a period of week before being treated. They were selected randomly and
divided into three groups with six animals in each group. Vehicle-treated control (Group-l), 5mg and
15mg/KgBW/day for 15days as a sub-chronic dose (Group-1l) and 70mg and 100mg/KgBW once 7 days (Group-
I11). The drug was administered intraperitoneally.
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Epididymal Sperm Analysis

The animals were sacrificed using chloroform 24 hours after the last day of each experiment. The spermatozoa
present in the right cauda epididymidis were collected after mincing/slicing the tissue in a cavity block containing
1ml of physiological saline centrifuged at 600rpm for one minute (WHO, 2010) and observed under phase contrast
microscope. Sperm count was done by using Neubauer’s haemocytometer. The sperms from the minced epididymis
were counted in five thoma ruled chambers after charging the haemocytometer with solution and calculated by
using the formula 50,000nd where ‘n’ was the number of sperm and ‘d” was the dilution which was 1ml. The
cytoplasmic droplet were counted and its percentage was calculated.

Statistical Analysis

Statistical analysis were reported in terms of mean +SEM. Difference between the groups was statistically
determined by Student ‘t’ test (Delgaard, 2008). The average data generated for the group of rats treated with
Cyclophosphamide were compared with data on vehicle-treated control group of rats. A significant level of P<0.05
was accepted.

RESULTS

Table-1 depicts the vehicle-treated control sperms from the right cauda epididymis, either with no or few
cytoplasmic droplets but an increase in their percentage of retention on the mid-piece, end of mid-piece and on the
distal end of the tail after CPA treatment (Figs.1 and 2).

Table-1: The percentage of cytoplasmic droplets and sperm count after CPA treatment.
(Figures in parentheses are number of animals used).

Figure 1: Phase contrast photograph of A) Vehicle-treated control sperm and CPA treated sperm showing,
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Figure 2: Percentage of cytoplasmic droplet and sperm count after various doses of CPA.
Values are expressed as £ SEM. *P < 0.05.

DISCUSSION

During spermiogenesis the spermatozoa eliminate most of their cytoplasm, and the organelles become closely
packed. Attachments between structural components must be significant to maintain cell integrity in the uniformly
designed and vigorously motile spermatozoa (Cortadellas and Durfort, 1994; Yu et al. 2005). In most species
studied such as in Guinea pig, in Ericsson, in rabbits, in ram, in bull and in lambs there was convincing evidence
that cytoplasmic droplet migrates along the mid-piece from neck to annulus during proximal epididymal transport
and remains on the majority of cells in the epididymis (Cooper and Yeung, 2003) but no report was available on the
percentage of retention of cytoplasmic droplets.

In the present piece of work the location of the cytoplasmic droplets changes from the middle piece to principal and
to the distal end of the tail, and these changes are dose dependent. Our observations are supported by following
workers who studied retention of cytoplasmic droplets after anticancer drug treatment (Kaur et al. 1997; Cooper,
2006; Suzuki-Toyota et al. 2004 and Suzuki-Toyota et al. 2007). Thus the results show that CPA which was an
inhibitor of spermatogenesis also interferes with the maturation of spermatozoa perhaps due to alterations in
epididymal secretory and absorptive functions and due to decline in the level of serum testosterone.

The droplet lost at ejaculation was necessary for fertility (Cooper et al. 2004; Cooper and Barfield, 2006; Hinton
and Cooper, 2010) due to poor adherence to the zona pellucida (Thundathil et al. 2001) and oviduct epithelium
(Khalil et al. 2006). Most reports relate to the retention of proximal droplets (at the neck), indicative of a failure of
normal epididymal maturation. This occurs in young bulls where success rates of I\VVF are below normal, despite the
selection of spermatozoa, and the situation improves as the male ages (Amann et al. 2000). Further analysis reveals
that the reduced cleavage and fertility rates reflect poor passage through hyaluronate swim-up medium and a failure
to bind to the zona pellucida (Thundathil et al. 2001). In the mouse, too, infertility in the male was associated with
retention of the droplet on sperm in the uterus of females mated to c-ros knockout males (Yeung et al. 2000).

There are also many reports indicating that the presence of excess residual cytoplasm on spermatozoa was
associated with poor sperm function. For example, the presence of a ‘cytoplasmic droplet” on human spermatozoa
was associated with infertility in men who smoke (Mak et al. 2000) or who suffer varicocoele (Zini et al. 2000) and
the retention of such a droplet was related to a shorter axoneme (Gergely et al.1999), poor sperm motility (Zini et al.
1998), abnormal head and mid-piece morphology (Huszar and Vigue, 1993; Gomez et al. 1996; Gergely et al.
1999), lower fertilizing capacity (Keating et al.1997), reduced binding to the zona pellucida (Huszar and Vigue,
1994; Ergur et al. 2002), greater extents of chromatin breaks and DNA damage (Fischer et al. 2003) and increased
chromosomal disomies (Kovanci et al. 2001). We have also observed shorter tails, poor motility, abnormal head and
mid-piece morphology, nucleus defects with CPA treatment.
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CONCLUSION

Thus from the foregoing it was concluded that CPA which was an inhibitor of spermatogenesis also interferes with
the maturation of spermatozoa perhaps due to alterations in epididymal secretory and absorptive functions thus
leading to infertility.

ACKNOWLEDGEMENT
The authors are thankful to University Grand Commission for providing funds to carry out research work.

REFERENCES

Amann, R.P., Seidel G.E. and Mortimer R.G. (2000). Fertilizing potential in vitro of semen from young beef bulls
containing a high or low percentage of sperm with a proximal droplet. Theriogenology: Vol. 54, 1499-
1515.

Bedford, J.M. (1975). Maturation, transport and fate of spermatozoa in the epididymis. In: Handbook of Physiology
Eds. RO Greep and DW Hamilton. American Physiological Society. Washington Endocrinology: 5, pp:
303.

Cooper, T.G. (2006). Sperm cytoplasmic droplets and ART. Embryo Talk. 13, 129-136.

Cooper, T.G. and Barfield J.P. (2006). Utility of infertile male models for contraception and conservation.
Molecular and Cell Endocrinology: Vol. 250, 206-211.

Cooper, T.G. and Yeung C.H. (2003). Acquisition of volume regulatory response of sperm upon maturation in the
epididymis and the role of the cytoplasmic droplet. Microscopy Research and Technique: Vol. 61, 28-38.

Cooper, T.G., Yeung C.H., Wagenfeld A., Nieschlag E. and Poutanen M. (2004). Mouse models of infertility due to
swollen spermatozoa. Molecular and Cell Endocrinology: Vol. 216, 55-63.

Cortadellas, N. and Durfort M. (1994). Fate and composition of cytoplasmic droplet of hamster epididymal
spermatozoa. Journal of Morphology: Vol. 221(2), 199-210.

Delgaard, P. (2008). Introductory statistics with R, 2" edition. Springer Verlag.

Ergur, A.R., Dokras A., Giraldo J.L., Habana A., Kovanci E. and Huszar G. (2002). Sperm maturity and treatment
choice of in vitro fertilization (IVF) or intracytoplasmic sperm injection: diminished sperm HspA2
chaperone levels predict IVF failure. Fertility and Sterility: Vol. 77, 910-918.

Fischer, M.A., Willis J. and Zini A. (2003). Human sperm DNA integrity: correlation with sperm cytoplasmic
droplets. Urology: Vol. 61, 207-211.

Gergely, A., Kovanci E., Senturk L., Cosmi E., Vigue L. and Huszar G. (1999). Morphometric assessment of
mature and diminished-maturity human spermatozoa: sperm regions that reflect differences in maturity.
Human Reproduction: Vol. 14, 2007-2014.

Gomez, E., Buckingham D.W., Brindle J., Lanzafame F., Irvine D.S. and Aitken R.J. (1996). Development of an
image analysis system to monitor the retention of residual cytoplasm by human spermatozoa: correlation
with biochemical markers of the cytoplasmic space, oxidative stress, and sperm function. Journal of
Andrology: Vol. 17, 276-287.

Hinton, B.T. and Cooper T.G. (2010). The epididymis as a target for male contraceptive development. In: Fertility
Control-Today and in the Future. Habenicht U-F, Aitken JA. eds. Berlin: Springer Press.

Huszar, G. and Vigue L. (1993). Incomplete development of human spermatozoa is associated with increased
creatine phosphokinase concentration and abnormal head morphology. Molecular Reproduction and
Development: Vol. 34, 292-298.

Huszar, G. and Vigue L. (1994). Correlation between the rate of lipid peroxidation and cellular maturity as
measured by creatine kinase activity in human spermatozoa. Journal of Andrology: Vol. 15, 71-77.

Kaur, F., Sangha G.K. and Bilaspuri G.S. (1997). Cyclophosphamide-induced structural and biochemical changes in
testis and epididymids of rats. Indian Journal of Experimental Biology: Vol. 35(7), 771-775.

Keating, J., Grundy C.E., Fivey P.S., Elliott M. and Robinson J. (1997). Investigation of the association between the
presence of cytoplasmic residues on the human sperm midpiece and defective sperm function. Journal of
Reproduction and Fertility: VVol. 110, 71-77.

Khalil, A.A., Petrunkina A.M., Sahin E., Waberski D. and Petersen E. (2006). Enhanced binding of sperm with
superior volume regulation to oviductal epithelium. Journal of Andrology: Vol. 27, 754-765.

International Journal of Applied Biology and Pharmaceutical Technology Page: 118
Available online at www.ijabpt.com




Kashmiri and Sastry Coden : ITABPT, Copyrights@2014, ISSN : 0976-4550

Kovanci, E., Kovacs T., Moretti E., Vigue L., Bray-Ward P., Ward D.C. and Huszar G. (2001). FISH assessment of
aneuploidy frequencies in mature and immature human spermatozoa classified by the absence or presence
of cytoplasmic retention. Human Reproduction: Vol. 16, 1209-1217.

Mak, V., Jarvi K., Buckspan M., Freeman M., Hechter S. and Zini A. (2000). Smoking is associated with the
retention of cytoplasm by human spermatozoa. Urology: Vol. 56, 463-466.

Suzuki-Toyota, F., Ito C., Toyama Y., Maekawa M., Yao R- Noda T, lida H., and Toshimori K. (2007). Factors
maintaining normal sperm tail structure during epididymal maturation studied in Gopc. Mice. Biology of
Reproduction: Vol. 77, 71-82.

Suzuki-Toyota. F., Ito C., Toyama Y., Maekawa M., Yao R., Noda T., and Toshimori K. (2004). The coiled tail of
the round-headed spermatozoa appears during epididymal passage in the GOPC-deficient mice. Archives of
Histology and Cytology: Vol. 67, 361-371.

Thundathil, J., Palasz A.T., Barth A.D. and Mapletoft R.J. (2001). The use of in vitro fertilization techniques to
investigate the fertilizing ability of bovine sperm with proximal cytoplasmic droplets. Animal Reproduction
Science: Vol. 65, 181-192.

World Health Organization (2010) Laboratory manual for the examination and processing of human semen. Fifth
edition. WHO Press. Switzerland.

Yeung, C.H., Wagenfeld A., Nieschlag E. and Cooper T.G. (2000). The cause of infertility of male c-ros tyrosine
kinase receptor knockout mice. Biology of Reproduction: Vol. 63, 612—618.

Yu, L.L., Zhou K.K. and Parry J. (2005). Antioxidant properties of cold-pressed black caraway, carrot, cranberry,
and hemp seed oils. Food Chemistry: Vol. 91, 23-27.

Zini, A., Defreitas G., Freeman M. and Hechter Sand Jarvi K. (2000). Varicoele is associated with abnormal
retention of cytoplasmic droplets by human spermatozoa. Fertility and Sterility: Vol. 74, 461-464.

Zini, A., O’'Bryan M.K., Israel L. and Schlegel P.N. (1998). Human sperm NADH and NADPH diaphorase
cytochemistry: correlation with sperm motility. Urology: Vol. 51, 464-468.

International Journal of Applied Biology and Pharmaceutical Technology Page: 119
Available online at www.ijabpt.com




