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SUMMARY

Mammalian seminal plasma contains many distinct components which are
important for spermatozoal function and survival. Recent studies clearly indicated
that gossypol has pronounced hazardous effects on seminal characteristics and
seminal plasma constituents in male rabbits, which may lead to deleterious
productive and reproductive performance. We examined the possible deleterious
effects of two sublethal doses (4 and 20 mg/kg of body weight; every other day) of
gossypol on the electrophoretic pattern of rabbit seminal plasma proteins. The
experiment lasted 16 wks and included two periods: a treatment period (first 8 wks)
where the animals were given the tested materials, and a recovery period (second 8
wks) where drugs were withdrawn. A total of twenty two bands were identified
ranging from a high 200.0 kDa protein down to a low 11.0 kDa protein.
Denistometric analysis of the stained gel patterns indicated that gossypol treatment
revealed significant increases in the content of bands having 66.0, 31.0 and 23.0
kDa, while the two bands having 70.0 and 11.0 kDa were found to decrease in its
content. Gossypol treatment also caused considerable decreases in the three major
bands (33.0, 21.5 and 13.0 kDa), and the highest decrease was in the 33.0 kDa band.
Gossypol seems to increase the content of some seminal plasma peptide bands
associated with increasing acrosome alterations, dead and abnormal sperm and
destabilization of sperm structure. However, other peptide bands related to reduction
of sperm capacitation and sperm membrane integrity were reduced.
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INTRODUCTION

Mammalian seminal plasma contains many distinct components which are
important for spermatozoal function and survival (Edwards et al., 1981), although the
functions of these various protein components are poorly understood. Antifertility
factors from seminal plasma have been described for several species which include
decapacitation factors (Zaneveld et al., 1970; Eng and Oliphant 1978), human
antifertility factor-1 (Audhya et al., 1987), and rabbit acrosome stabilizing factor
(Eng and Oliphant 1978). These factors are believed to inhibit sperm capacitation,
acrosome reaction or acrosomal enzymes prior to fertilization.
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In contrast, several protein factors that promote sperm viability and fertilization
have been identified. These include heparin-binding proteins in bull and boar seminal
plasma (Miller et al., 1990; Sanz et al., 1993). Recently, Pérez-Pé et al. (2001) noted
the ability of seminal plasma proteins to reverse cold-shock membrane damage, thus
restoring the surface characteristics of viable-like spermatozoa.

Our recent studies clearly indicated that gossypol has pronounced hazardous
effects on seminal characteristics (Taha et al., 2006) and seminal plasma constituents
(Shaaban et al., 2008) in male rabbits, which may lead to deleterious productive and
reproductive performance. In the present study, rabbits were chosen as an
experimental animal owing to the fact that they are excellent model for reproductive
toxicological studies. This is because the male rabbit is the smallest, least expensive
animal that can be ejaculated with an artificial vagina, where serial semen samples
could be obtained for biochemical and fertility evaluations (Foote and Carney 2000).

Moreover daily ingestion of gossypol provokes infertility in various animal
species, including humans. The contraceptive effect of gossypol in man was
discovered first in China, and still continues to be tested as a favorable candidate as a
male contraceptive (Cui et al., 2004).Thus the present study was carried out to
evaluate the possible deleterious effect of gossypol on the electrophoretic pattern of
rabbit seminal plasma proteins. The discussion will focus on some proteins of interest
and offer some insight into their possible biological effect. Comparisons are made
between each rabbit seminal plasma protein and other related proteins identified in
earlier studies based on similar molecular weights as well as biological functions.

MATERIAL AND METHODS

Animals and management:

This study was carried out at the Department of Animal Production, Faculty of
Agriculture, Alexandria University, Alexandria, Egypt. Experiments were carried out
after the Departmental approval, and were done without any commercial profit
purposes for the Authors or the Department. All procedures and experimental
protocols were conducted in accordance with the "Guide for the Care and Use of
Laboratory Animal" (2002). Fifteen mature male New Zealand white rabbits aged six
to eight months and weighing 2.760 + 0.39 kg at the beginning of the experiment were
used during the reproductive season (starting in September to avoid summer heat
stress, as rabbit semen characteristics vary among seasons where increasing ambient
temperature adversely affects semen quality (Hafez and Hafez, 2000)). The rabbits
were individually housed in cages. Feed and water were provided ad libitum. The
animals were fed pellets consisting of (per kg) 330 g berseem (Trifolium
alexandrinum) hay, 170 g soybean meal, 165 g ground corn, 160 g barley, 120 g wheat
bran, 38 g molasses, 10 g salt, 4 g dicalcium phosphate, and 3 g vitamins. The
chemical analysis of the pellets according to the Association of Official Analytical
Chemists (AOAC 1995) indicated that it contained (per kg) 175 g crude protein, 140 g
crude fiber and 27 g fat. All animals were allowed to adjust to their new environment
and tested for semen quality through three weeks before the experiment started.
Experimental design

Gossypol was extracted from cottonseeds and purified according to Boatner
(1948) as described by Taha et al. (2006). The rabbits were randomly divided into 3
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groups of 5 animals each, and were assigned at random to one of the following
treatments: the first group served as control (the animals were given an equivalent
dose of the vehicle consisting of maize oil + acetone); the second and third groups
were used to study the effect of the low dose (1/100 LDsy, 4 mg/kg live weight) and
high dose (1/20 LDsg, 20 mg/kg live weight) of gossypol. The proper dose for each
rabbit was given orally by syringe, directly into the esopharyngeal region, every other
day throughout the treatment period, which lasted for 8 wks (i.e. 56 days, which is
almost equal to the duration of spermatogenesis in the rabbits, 52 days) (Swierstra
and Foote 1965). This period was followed by an 8 wk recovery period when all
drugs were withdrawn.

Semen sampling:

Semen collection was carried out weekly from all animals throughout the 16-
week experimental period. Ejaculates were obtained using an artificial vagina and a
teaser doe. Seminal plasma was separated from ejaculates by centrifugation at 2,000
xg for 10 min. The recovered seminal plasma fraction was further centrifuged at
7,500 xg for 15 min at 4° C and the supernatant was stored at -20°C until analysis.
Electrophoretic pattern of seminal plasma proteins

The chemicals used in this study were purchased from Sigma (Sigma Chemical
Co., St. Louis, MO, USA). Sodium dodecylsulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) was carried out in a discontinuous system (10%) of
polyacrylamide gel according to the method described by Laemmli (1970) using a
protean Il Vertical Slab Gel Electrophoresis Apparatus (Bio-Rad, Hercules, CA,
USA). Seminal plasma samples (pooled samples of each group at the end of each
period) containing 50 ug of proteins were diluted 1:1 with the sample buffer [25%
glycerol (vol/ivol), 2% SDS (wt/vol), 0.027 M Tris-HCI pH 6.8, 5% 2-
mercaptoethanol (vol/vol), 0.018% EDTA (wt/vol) and 0.1% bromophenol blue
(wt/vol)] and heated at 100°C for 5 min. Electrophoresis was carried out for 1 h at 80
V at room temperature. A mixture of molecular masses ranging from 6.5 to 205 kDa
was used as standards. Gel was stained with 0.025% Coomassie R (wt/vol).
Densitometric analysis of the stained gel was carried out using Gel Doc 2000 with
Molecular Analyst software (Bio-Rad).

Statistical analysis:

Because there was no replication for the treatment, it was not possible to run
analysis of variance for the data. Regression analysis of the response of the amount of
seminal plasma protein band to the concentration of gossypol was used. The model
used was Y = a + bx, where Y: content of peptide band; a: intercept; b: regression
coefficient and x: the concentration of gossypol. The variation among the treatments
was splitted to sum squares due to regression and sum squares deviation from
regression. The latter was used to calculate the variance of the deviation from
regression with one d.f. and it was treated as MS of error. Because of the scarcity of
d.f. of the error, a significant level of < 0.34 was used as an indicator that the b value
is greater than zero by one standard deviation (SAS 1999).

RESULTS
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In order to elaborate whether the deleterious effect of gossypol on seminal
characteristics was related to different protein constituents, seminal plasma from the
control and gossypol-treated rabbits were analyzed by sodium dodecyl sulphate —
polyacrylamide gel electrophoresis (SDS-PAGE). The electrophoretic patterns of
seminal plasma proteins of the control and gossypol-treated rabbits throughout the
treatment and recovery periods are shown in Figure 1. Densitometric analysis of the
stained gel patterns is presented in Table 1. Twenty two bands were identified
ranging from a high 200.0 kDa peptide band down to a low 11.0 kDa peptide band.
The electrophoretic pattern revealed some common peptides, i.e. three major bands
(named F11, F17 and F21) that represent 35% of the total areas of peptide bands.
Their corresponding molecular weights were estimated at 33.0, 21.5 and 13.0 kDa,
respectively.

Densitometric analysis of the stained gel patterns allows automatic comparison
among the separated bands. Gossypol treatment yielded inconsistent trend, where at
the end of the treatment, regression coefficients of the content of seminal plasma
peptide bands having 66.0, 31.0 and 23.0 kDa on dose of gossypol were significantly
positive. However, as gossypol dose increased, the content of the bands having 70.0
and 11.0 kDa showed significantly negative regression coefficients. Furthermore, the
content of seminal plasma peptide bands having 35.0, 44.0 and 93.0 kDa were
increased 1.8, 7.7 and 2-3 times, respectively relative to the control, whereas the
18.3, 33.0 and 200.0 kDa peptide bands were lowered to (34-36%), (54-52%) and
(32-36%) [in the low and high doses of gossypol] respectively than control, but
linear regression could not be detected because both of the low and the high doses of
gossypol exerted similar effects.

After gossypol cessation, the effect of gossypol treatment on the content of 70.0
and 66.0 kDa peptide bands was extended till the end of recovery period.
Interestingly, the content of 42.0, 33.0, 27.0, 24.0, 21.5 and 19.8 kDa peptide bands
showed significant regression coefficients at the end of the recovery period although
it did not reveal significant response at the end of the treatment period. In addition,
the content of 23.0 kDa peptide band showed significantly negative regression
coefficient on dose of gossypol at the end of recovery period which was reversed
relative to that at the end of treatment period.

DISCUSSION

Audhya et al. (1987) isolated a high molecular weight (200 kDa) antifertility
factor from human seminal plasma that was found to inhibit capacitation (i.e.
decapacitation factor) (Van der Ven et al., 1982). This inhibition may ultimately lead
to the inability of the spermatozoa to undergo the acrosome reaction (Audhya et al.,
1987). Similarly, the F1 (200.0 kDa) protein isolated in the present study from rabbit
seminal plasma can be considered as a decapacitation factor. This 200 kDa band was
reduced in the gossypol-treated groups by about 30% of the control value. This
reduction was associated with increasing the percentage of altered acrosome in the
gossypol-treated rabbits (Taha et al., 2006).

Gatti et al. (1999) reported a protein of 94.0 kDa in ram seminal plasma. This
protein matches the sequence of the angiotensin-I converting enzyme (ACE), and
exhibited a carboxypeptidase activity which is inhibited by specific blockers of ACE.
ACE has been suggested to have a role in the capacitation and acrosome reaction



Egyptian J. Anim. Prod. (2011) 221

processes (Kohn et al., 1998). In the present study, F3 (93.0 kDa) is of almost similar
size and therefore may be structurally related to the 94.0 kDa protein found in Gatti’s
study (1999). The present study revealed an association of the gossypol-induced
increase in the content of 93.0 kDa peptide band (Table 1) with increasing the
percentage of altered acrosome (Taha et al., 2006), suggesting a similar biological
effect of that band and the 94.0 kDa protein band found in Gatti’s study (1999).

Table 1. Densitometric quantification of relative areas (%) of protein bands in
seminal plasma at the end of treatment and recovery periods of male rabbits
treated with gossypol and their regression coefficients

Band Mol. Wt. Treatment Recovery

no. kDa Control GLD' GHD* b  Control GLD' GHD?> b
1 2000 151 1.02 097 -002 147 1.01 113 -0.01
2 1550 nd® 078 1.10 0.5 111 097 1.09 0.01
3 930 137 422 292 003 379 304 294 -0.03
4 700 413 324 nd 021" 319 330 nd -0.17"
5 660 150 399 714 026" 378 324 6.06 0.13'
6
7
8
9

575 469 558 559 0.08 551 6.04 6.08 0.02
520 393 6.05 6.04 0.08 512 563 562 0.02
440 032 247 252 0.08 310 257 259 -0.02
420 413 502 464 0.01 449 473 536 0.04
10 350 325 593 611 0.11 540 599 490 -0.04
11 330 1086 503 522 -020 566 599 714 0.07
12 310 317 314 325 001" 500 566 507 -0.01
13 287 380 307 298 -003 302 258 265 -0.01
14 270 453 507 430 -002 473 450 525 0.03"
15 240 553 623 586 0.01 587 679 864 013"
16 230 408 331 591 011" 381 415 nd -0.21
17 215 1202 917 1052 -0.03 866 855 7.25 -0.07
18 19.8 nd 341 nd -0.06 316 261 432 007"
19 183 948 623 604 -013 533 616 467 -0.05
20 145 482 491 495 0.01 504 341 620 0.09
21 130 1215 967 1396 0.14 9.85 10.84 9.87 -0.02
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22 11.0 471 244 nd -0.21" 288 225 318 0.03

IGLD = gossypol low dose
2GHD = gossypol high dose
*nd: not detected
P<0.34

Angiotensin I is converted to angiotensin Il by the action of converting enzymes.
Angiotensin Il accounts for the biologic activity, where it acts directly on the adrenal
cortex to stimulate aldosterone secretion and thus plays a central role in the
regulation of sodium balance. Accordingly, increasing ACE results in increasing
angiotensin 1, which stimulates aldosterone secretion and consequently sodium
retention. This would explain the increasing level of sodium concentration noted in
the seminal plasma of rabbits treated with the high dose of gossypol (Shaaban et al.,
2008). Interestingly, sodium level did not change in the low dose-treated group
(Shaaban et al., 2008) in spite of the extreme increase of ACE level in this group
(Table 1). In the low dose-treated rabbits, this huge amount of ACE could cause an
excess production of angiotensin 1l which is known to suppress plasma renin activity
(Ramsay 1983) and, thus, unchanged level of sodium would be expected in this
group.

In a study by Davis (1971), it was reported that rabbit seminal plasma contained
the peptide protein 70.0 kDa. This protein has the ability to bind and fuse with
spermatozoa (Davis 1978), and thereby produces changes in the lipid composition of
the sperm membranes. This alteration has been suggested to stabilize the plasma
membrane of spermatozoa (Shivaji and Bhargava, 1987). The F4 band (70.0 kDa)
found in the present study was reduced significantly (by 21% in the low-dose
gossypol-treated group, whereas it disappeared in the high-dose group) suggesting
gossypol-induced destabilization of spermatozoa plasma membrane. The decreasing
effect of gossypol treatment on the content of the 70.0 kDa peptide band was
extended after gossypol cessation, where it decreased in a dose-dependent manner.
This is confirmed by the association of decreasing content of 70.0 kDa peptide band
(Table 1) with increased percentage of altered acrosome (Taha et al., 2006) as well as
lesioned cell membrane of the midpiece (as depicted by electron microscope,
Shaaban 2003). This finding would support our view that the 70.0 kDa band noted in
the present study exhibits similar biological effects as the band of 70.0 kDa protein
found in Davis’ study (1971).

Szumowski (1961) reported that the presence of traces of serum albumin in
seminal plasma is due to inflammatory tissue exudates. He found a highly significant
correlation between the increase of the serum albumin-like electrophoretic fractions
of bull seminal plasma and the pathological characteristics of spermatozoa.
Therefore, it is possible that some pathological effects of the changes in semen
fertility are related to specific alterations in the electrophoretic patterns. This finding
is consistent with the present observations in which the serum albumin-like fraction
(66.0 kDa band) increased significantly reaching 2.7 and 4.8 - fold compared with the
control in the low and high dose-treated groups, respectively (Table 1). This finding
coincided with the increased percentages of dead sperm and abnormal sperm as well
as altered acrosome observed by Taha et al. (2006) in the gossypol-treated rabbits.
Furthermore, the increasing effect of gossypol treatment on the content of 66.0 kDa
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peptide band was extended after gossypol cessation where it increased as gossypol
dose increased. This increase observed in the present study is in accordance with the
increasing percentages of dead sperm and altered acrosome observed after gossypol
cessation in our previous studies (Taha et al., 2006).

Using SDS-PAGE, Kim et al. (1997) reported that rabbit sperm tail fibrous
sheath extracts revealed at least 10 protein bands, of which the most intensely stained
was the 35.2 kDa band. This band seems to be similar to the F10 peptide band having
35.0 kDa detected in the present study (Table 1). The densitometric quantification of
this band indicated an intensity of staining equivalent to 1.8 and 1.9 - folds that of the
control in the low and high-dose groups, respectively. This increase in the
concentration of sperm tail fibrous sheath protein in seminal plasma of the gossypol-
treated rabbits, suggests a further destabilization of sperm structures in response to
gossypol treatment. This view is supported by the destructive effects of gossypol
upon sperm cell membrane, mitochondrial sheath as well as axoneme as shown by
electron micrographs (Shaaban 2003).

In the rest of peptide bands having > 35.0 kDa, gossypol treatment resulted in
marked increases in the content of peptide bands having 52.0 and 44.0 kDa in which
the protein occurred in amounts averaging 1.5 and 7.8 - folds compared to the
control. However, due to the scarcity of literature dealing with these protein bands,
the increase in their content is difficult to explain.

Several studies have shown that seminal plasma proteins are important agents in
sperm capacitation (Thérien et al., 1995; and Galantino-Homer et al., 1997). Bovine
seminal plasma (BSP) contains a family of closely-related proteins having 30.0 kDa
(collectively called BSP proteins) that exhibit multiple binding and functional
properties (Manjunath and Sariam 1987; Desnoyers et al., 1994). They bind to the
sperm membrane upon ejaculation, and this binding takes place via choline
phospholipids of the sperm membrane (Desnoyers and Manjunath, 1992). Also, these
BSP proteins bind to sperm capacitation factors, namely, heparin (Chandonnet et al.,
1990) and high-density lipoproteins, HDL (Manjunath et al., 1989), which is secreted
into the lumen of the female reproductive tract. The mechanism underlying the
heparin-induced capacitation is not known, but the binding of BSP proteins to the
sperm membrane appears to increase the number of heparin-binding sites on the
sperm surface (Thérien et al., 1995, 1997&1998). Results suggested that the
mechanism by which HDL and BSP proteins stimulate sperm capacitation involves
cholesterol efflux (Thérien et al., 1998). The presence of BSP-30 kDa homologus
genes in rabbit genomic DNA have been reported by Salois et al. (1999).
Additionally, Lee et al. (1985) and Ax et al. (1987) reported that high percentage of
abnormal sperm is associated with a reduction in heparin-binding affinity, and that
the binding affinity that spermatozoa possess for heparin is positively related to non-
return rate (Marks and Ax, 1985). Also, the trait most highly correlated with non-
return rate is the percentage of intact acrosome (Saacke, 1984).

In the present study (Table 1 and Fig. 1), F11 (33.0 kDa) is of similar size and
therefore may be structurally related to the BSP-30 kDa indicated above, especially
after the investigation of Salois et al. (1999) who reported that genomic DNA of the
rabbit possesses a gene with a significant homology to the bovine BSP-30 kDa gene.
The densitometric analysis revealed that the 33.0 kDa band was reduced markedly by
54 and 52% that of control in the low and high-dose groups, respectively. On the
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other hand, the reduction in the content of 33.0 kDa peptide band may result in a
reduction in heparin-binding affinity, and this status was associated with increased
percentage of abnormal sperm (Taha et al., 2006). This finding is consistent with
those reported by Lee et al. (1985) and Ax et al. (1987). After gossypol cessation the
content of 33.0 kDa peptide band increased significantly in a dose-dependent manner,
and this increase coincided with regaining the percentage of abnormal sperm to its
normal level as observed previously during the recovery period (Taha et al., 2006).
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Fig. 1. SDS-PAGE (10% T) of seminal plasma proteins of male rabbits treated
with gossypol. STD: Standard low molecular weight proteins marker (C:
Control, LD: Low dose of gossypol, HD: High dose of gossypol)

Several studies have provided direct evidence that specific components of
seminal plasma, particularly proteins, are adsorbed onto the surface of ejaculated
sperm (Desnoyers and Manjunath 1992; Amann et al., 1999). Some of these adsorbed
proteins maintain the stability of the membrane until the process of capacitation that
occurs in the female genital tract (Cross, 1996), where their removal is a prerequisite
for fertilization (Desnoyers and Manjunath, 1992). The reduced longevity and
fertilizing ability of the spermatozoa having the features of premature capacitation
has been proposed to be due to their early capacitation state (Watson, 1995).
Recently, it has been reported that the lack of seminal plasma proteins to recover
sperm membrane integrity of damaged cells could be due to the absence or the
decrease of seminal plasma protein of 21.5 kDa (Pérez-Pé et al., 2001). In the present
study (Table 1) a decrease in the 21.5 kDa band was found in the low and high dose
gossypol-treated groups that amounted to 23 and 12% below the control value,
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respectively. This decrease was associated with, and may be the reason for, the
gossypol-induced increases in the percentages of altered acrosome (Taha et al., 2006)
and sperm membrane damage. The reducing effect of gossypol on the content of
21.5 kDa peptide band was extended significantly after gossypol cessation where it
decreased significantly in a dose-dependent manner. This reduction coincided with
the increased percentage of altered acrosome observed previously during the
recovery period of the gossypol-treated rabbit (Taha et al., 2006). This finding may
substantiate the functional similarity between this protein and that found in the study
of Pérez-Pé et al. (2001).

In a study by Frazer and Bucci (1996), a protein of 18.2 kDa was found in
stallion seminal plasma. This protein is similar to one of the equine seminal plasma
heparin-binding proteins identified in a separate study (Calvete et al., 1995). Results
of the current study (Table 1) indicate that F19 (18.3 kDa) is of similar size and
therefore may be structurally related to the 18.2 kDa protein found in Frazer and
Bucci’s study (1996). The present study revealed a significant decrease in the 18.3
kDa band in the low and high dose gossypol-treated groups (34 and 36%,
respectively), and was associated with the increase in the percentages of abnormal
sperm and altered acrosome found by Taha et al. (2006) in the gossypol-treated
rabbits. This finding may provide further support to the possible similarity of this
protein to the equine seminal plasma heparin-binding protein.

A thyrotropin releasing hormone - like peptide (TRH-like peptide), also named
fertilization - promoting peptide (FPP), was noted in mammalian prostate and semen
of humans (Cockle et al., 1989 a) and rabbits (Cockle et al., 1989 b; Thetford et al.,
1992). This peptide enhances the fertilization potential of spermatozoa. In rabbit
semen, the TRH-like peptide has approximately 50 amino acid residues, which
contains a TRH immunoreactive fragment at its C- terminus (Thetford et al., 1992)
and has a molecular weight of 10-12 kDa (Cockle et al., 1989 b). This polypeptide
band appears to be similar to the F22 peptide band of 11.0 kDa found in the present
study. The densitometric quantification of this band indicated a significant decrease
in the intensity of staining that amounted to 48% below the control in the low dose
gossypol-treated group, whereas it disappeared in the high dose group. The
decreasing effect of gossypol on the concentration of this peptide band, suggests a
further suppression of the fertilization potential of spermatozoa in the gossypol
treated rabbits.

Due to the scarcity of literature dealing with the effect of gossypol on seminal
plasma proteins, the role of other proteins which were also affected in the gossypol-
treated groups cannot be ruled out.

In conclusion, gossypol treatment induced deleterious effects on rabbit seminal
plasma protein concentrations. Gossypol increased the content of some peptide bands
associated with increasing acrosome alterations, dead and abnormal sperm and
destabilization of sperm structure. Additionally, gossypol caused decreases in other
peptide bands related to reduction of sperm capacitation, sperm membrane integrity
and fertilization potential of spermatozoa. Furthermore, the detrimental effects of
gossypol especially on the 70.0, 66.0 and 21.5 kDa peptide bands were extended after
gossypol cessation and seem to be associated with extended increasing acrosome
alterations.
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