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The  aim  of  this  study  was  to determine  the  relationship  between  total  protein  concentration  (TPC)  of
seminal  plasma  (SP)  and  semen  characteristics  in  rams.  A total  of  105  ejaculates  from  21  Barki  rams,
of known  fertility  (9 highly  fertile,  9 fertile  and  3 subfertile)  were  collected  by  electroejaculation  (EE)
and  used  in  the  present  study.  An  aliquot  (200 �l) from  each  ejaculate  was  used  for  evaluation  of semen
characteristics  (wave  motion,  motility,  viability,  sperm  morphology,  intact-acrosome,  sperm  concentra-
tion  and  total  sperm  count  per  ejaculate).  The  remaining  volume  was  centrifuged  to  collect  SP  and  TPC
(g/dl) of SP  was  estimated  with  hand-held  Refractometer;  then  SP proteins  were  separated  on  15%  (w/v)
polyacrylamide  gel.  The  results  revealed  that  TPC  of SP and  almost  all  semen  characteristics  were  sig-
nificantly  (P  < 0.05)  lower  in  subfertile  (SF)  group  than  both  highly  fertile  (HF)  and  fertile  (F)  groups  but
the  longest  (85.0  ±  4.1  s) stimulation  time  (ST)  was  recorded  in  SF group.  Moreover,  TPC  of SP  in HF  and  F
groups  showed  highly  significant  (P <  0.001)  negative  correlation  with  ST but  showed  highly  significant
positive  correlation  with  all semen  characteristics.  However,  in  SF  group  neither  ST  nor  semen  character-
istics  showed  any  significant  correlation  with TPC of SP. Eosin-nigrosin  (EN)  stain,  hypoosmotic  swelling
test  (HOST)  and  glutaraldehyde  fixation  (GF)  were  capable  to discriminate  among  HF,  F  and  SF  groups  of
rams. In  total,  fourteen  protein  bands  with different  molecular  weights,  ranging  from  7  to 91  kDa,  were
detected  on  polyacrylamide  gel.  Protein  bands  of 11, 13  and  22.5  kDa  were  more  prominent  in HF group

than  F group  but  it was  faint  to  absent  in  SF  group.  Moreover,  bands  of 91,  80 and  27  kDa  were  prominent
in  F  and  SF  groups  than  HF group.  In  conclusion,  TPC  and  protein  profile  of SP were  closely  correlated
with  semen  characteristics  and  might  be  useful  tools to determine  ram  fertility  or  semen  quality.  Pro-
tein  bands  of 11,  13  and  22.5  kDa were  fertility-associated  proteins  in Barki  rams  SP. The effects  of  these
fertility-associated  proteins  on  sperm  cell  function  required  further  investigation.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Most progress in improving reproductive efficiency can be made
y accurate estimation of the male fertility and their selective use

Foote, 2003; Utt, 2016). Thereof, prediction of male fertility is an
ften sought-after endeavor for many species of domestic animals.
he structural soundness, quality of semen, level of libido and plan
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of nutrition affect the male reproductive performance (Lindsay,
1996; Wheaton et al., 1992). Male fertility depends on series of fac-
tors which range from animal behavior and physical conditions, to
features that are linked directly to the semen such as sperm motil-
ity, levels of specific spermatic membrane proteins and biochemical
constituents of the seminal plasma (SP; Assumpcao et al., 2005).

Standard semen analysis has involved a number of param-
eters such as sperm concentration, motility, morphology, and

sperm membrane integrity for the assessment of male fertility.
Thereby, sperm motility, viability and morphology, percentage of
intact-acrosome and hypoosmotic swelling test (HOST) respon-
sive sperms have been extensively evaluated as an indication of
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perm’s ability to fertilize an oocyte (Kirk et al., 2005). More atten-
ion has been given to evaluate sperm membrane integrity because
ts proper function is essential for sperm metabolism, capacitation,
va binding, and acrosome reaction. Hence, assessment of plasma
embrane integrity is considered to be useful for predicting the

ertilizing ability of a sperm (Brito et al., 2003) and semen fertil-
ty appears to be more closely related to membrane integrity than
ther sperm characteristics (Bacinoglu et al., 2008; Santolaria et al.,
015).

Evidence suggests that SP which is a complex mixture of secre-
ions from testis, epididymis and accessory sex glands contains
actors that modulate the fertilizing ability of sperm (Aslam et al.,
014; Henalut et al., 1995). Since spermatozoa are in contact with
P, for a relatively short period, it was initially thought to serve
s a transport medium, but it is now recognized to have cru-
ial effects on many aspects of mammalian sperm cell functions
ncluding sperm motility (Maxwell et al., 2007), regulation of capac-
tation (Leahy and Gadella, 2011), sperm storage in the female
eproductive tract (Talevi and Gualtieri, 2010) and modulation
f the female immune response to tolerate spermatozoa and the
onceptus (Robertson, 2007). These effects are directed by the mul-
ifunctional action of numerous inorganic and organic components
specially SP proteins.

Despite the physiological significance of SP, its molecular com-
osition is complex and the various proteins present in it are poorly
nderstood. In the last decade, several SP proteins have been identi-
ed, isolated and characterized. Evidence suggests that SP proteins
re different among species and some SP proteins are associated
ith fertility in various species. Previous studies are generally

elated to the comparisons of SP composition between males of dif-
erent fertility (Yue et al., 2009) or the isolation and characterization
f specific SP protein that could influence sperm capacitation and
ertilization (Talevi and Gualtieri, 2010). The biochemical analyses
f SP are used for semen evaluation because semen characteristics
lone are not completely satisfactory for semen appraisal in the cur-
ent practice of commercial artificial insemination (AI). Although,
ue et al. (2009) have proved that ovine SP contains specific pro-
eins that are associated with fertility and sperm characteristics
f semen sample collected by the aid of artificial vagina (AV). The
elationship between total protein concentration (TPC) of SP and
emen characteristics in rams with different fertility has been little
tudied. Therefore, the present study was conducted to: (1) find out
he correlation, if any, between TPC of SP and semen characteristics
n Barki rams with different fertility; (2) investigate the possibility
hat either glutaraldehyde fixation (GF) or eosin-nigrosin (EN) stain
r HOST could discriminate among Barki rams with different fer-
ility, and (3) separate and identify the fertility-associated proteins
n ovine SP.

. Materials and methods

.1. Media

Unless otherwise stated, all chemicals used were obtained from
igma–Aldrich Chemical Company (St. Louis, MO,  USA), and the
olutions were prepared using Milli-Q water (Merck Millipore,
armstadt, Germany). The vital stain EN was prepared by dis-

olving 5 g eosin and 30 g nigrosin in 300 ml  sodium citrate 2.9%
w/v), followed by filtration and then was stored at 4 ◦C until
se. Freshly prepared 1% (v/v) glutaraldehyde in 0.165 M sodium
acodylate buffer, adjusted to pH 7.3 at 25 ◦C was used for eval-

ation of % intact-acrosome and % abnormal morphology. Sperm
ounting medium [0.9% (w/v) NaCl, 0.1% (v/v) formaldehyde, 0.1%
w/v) polyethylene glycol and 10 mM  ethylenediaminetetraacetic
cid (EDTA) in H2O] was used for counting of sperm concentration.
t Research 144 (2016) 90–99 91

The hypoosmotic solution (150 mOsm/l), was  prepared by dis-
solving 7.35 g sodium citrate and 13.5 g fructose in 1000 ml  H2O
(Jeyendran et al., 1984) and stored at 4 ◦C until use. Electrophore-
sis sample buffer [4% (w/v) sodium dodecyl sulphate (SDS), 20%
(v/v) glycerol and 10% (v/v) �-mercaptoethanol, pH 6.8 at 25 ◦C],
was used in electrophoresis of ovine SP proteins. Acrylamide and
methylene bisacrylamide was  purchased from Bioshop Company
(Canada). SDS and other electrophoresis chemicals were of ana-
lytical grade. Coomassie brilliant blue (CBB) stain containing 0.1%
(w/v) Coomassie brilliant blue R-250, 30% (v/v) methanol and 10%
(v/v) acetic acid was  used for detection of protein bands following
electrophoresis.

2.2. Experimental animals

A total of 21 sexually mature and healthy Barki rams (3–4
years-old) kept at Sakha Animal Production Farm, Agricultural
Research Center, Egypt were used in this study. This farm located in
Kafrelsheikh (Northern Egypt, Latitude 31◦N). All rams were kept
separately in individual pens and fed a standard diet with water
ad libitum. According to the field fertility (determined from records
maintained at the study station) of rams in the previous breeding
season they were selected and classified into three groups as fol-
lowing: (1) highly fertile (HF) group of average fertility rate above
80%, (2) fertile (F) group of average fertility rate between 60% and
80%, and (3) subfertile (SF) group of average fertility rate below 50%.
The number of rams was nine in HF and F groups and although, we
are deeply concerned about the increase of rams in SF group but
unfortunately, there were only three subfertile rams in our farm.
Thus, the number of animals in SF group was  three rams only. All
rams were ejaculated twice before the study was initiated and dur-
ing the study five ejaculates were obtained from each ram with
a minimum of 48 h elapsed between consecutive collections from
any one ram. The study was  carried out under the Animal Welfare
Act regulations of Egypt guidelines with approval granted by the
Animal Ethics Committee of the Faculty of Veterinary Medicine,
Kafrelsheikh University, Kafrelsheikh, Egypt.

2.3. Testicular volume (TV)

Using graduated caliper, testicular dimensions (length, width
and thickness) were measured and TV was calculated according to
Bailey et al. (1998).

2.4. Semen collection

Ejaculates were collected from all rams by electroejaculation
(EE, 08:00-09:00 am)  as previously described by Garde et al. (2003).
Rams were restrained in recumbent position on table, the rec-
tum was  cleaned of feaces and the preputial area was shaved
and washed with normal saline 0.9%, then thoroughly dried to
prevent the contamination of semen. An ElectrojacIV® stimulator
(Electrojac® IV, Germany) was  used, with a rectal probe 17 cm long
and 2.5 cm in diameter with three electrodes. The rectal probe was
lubricated, gently inserted into rectum and orientated so that the
electrodes were positioned ventrally. The ElectrojacIV® was  used
at automatic setting where the EE regime consisted of consecu-
tive series of 5 s pulses of similar voltage, each separated by 5 s
break. Each series consisted of a total of five pulses. The initial volt-
age was 1 V which was increased in each series until a maximum

of 10 V. Unhygienic and ejaculates contaminated with urine were
rejected. The elapsed time between initiation of electrical stimula-
tion and ejaculation was recorded and designated as “stimulation
time (ST)”.
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Fig. 1. Comparison of % intact-membrane between EN stain and HOST within the
fertility groups.
All bars are mean ± SEM. Within the same fertility group and within the same
evaluation method bars bearing different superscripts were significantly differ-
ent  at P < 0.05. HF = highly fertile; F = fertile; SF = subfertile; EN = eosin-nigrosin;
HOST = hypoosmotic swelling test.
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Fig. 2. Comparison of % abnormal morphology between EN stain and GF within the
fertility groups.
All bars are mean ± SEM. Within the same fertility group and within the same
2 E.A. Almadaly et al. / Small Ru

.5. Semen evaluation

Immediately after collection, the ejaculate was visually exam-
ned for color, consistency and hygienic quality. After visual
xamination the ejaculate was placed in a 37 ◦C water bath and
he ejaculate volume was recorded. From each ejaculate, an aliquot
200 �l) of semen was used for evaluation of the following sperm
haracteristics:

.5.1. Sperm motility
Wave motion and motility % were evaluated immediately after

ollection by Hulet and Ercanbrack (1962) method. Briefly, wave
otion was assessed by preparing a wet mount (2 �l) of the sper-
atozoa and examined under a phase-contrast microscope (100×,
und, Germany) fitted with stage warmer and scored subjec-

ively from 0 (no motion) to 5 (numerous rapid waves) on a scale
ith steps equal to 1 according to the original method described

y Evans and Maxwell (1987). The percentage of motile sper-
atozoa was evaluated subjectively in aliquots of semen diluted

:100 in 2.9% (w/v) warm sodium citrate, covered with cover slip
18 mm × 18 mm),  and examined under a phase-contrast micro-
cope (400×) fitted with stage warmer of 38.5 ◦C. Approximately,
ve fields per sample were examined by the same technician and
otility was estimated in increments of 5%.

.5.2. Sperm viability
The percentages of viable (% intact-membrane) and abnormal

% abnormal morphology) spermatozoa were estimated by exam-
ning at least 200 spermatozoa stained with EN stain (Mortimer,
994). Briefly, an aliquot (2 �l) of semen was stained with 20 �l
f warm EN stain, smeared onto a slide, and dried on warming
late. Stained smears were evaluated for percentages of intact-
embrane and abnormal morphology under 1000× magnification
ith bright field-microscopy. Upon examination, the unstained

perm indicate intact-membrane sperm and the stained one indi-
ate damaged-membrane sperm. The proportion of unstained
perm cells was expressed as viability %. Finally, % abnormal mor-
hology obtained with EN stain was compared with those obtained
ith GF. For each ejaculate, all analyses were done in duplicate.

.5.3. % intact-acrosome and % abnormal morphology
An aliquot of semen (5 �l), was diluted with 50 �l of 0.16 M

aCl, and spermatozoa were fixed with 1% (v/v) glutaraldehyde
y mixing the diluted semen with an equal volume of 2% (v/v)
lutaraldehyde/0.165 M sodium cacodylate buffer (pH 7.3 at 25 ◦C)
t room temperature for a minimum of 30 min. After incubation,
perm samples were examined using a phase-contrast microscopy
1000×)  for sperm morphology (% abnormal morphology) and
crosome integrity (% intact-acrosome), where spermatozoa show-
ng a dense, thick apical ridge on the head were considered
ntact-acrosome (Shams-Borhan and Harrison, 1981); in total 400
permatozoa were examined. Fixation of sperm cells using 1% glu-
araldehyde in 0.165 M sodium cacodylate buffer and evaluation
f % intact-acrosome and % abnormal morphology was  designated
s “GF” throughout the manuscript according to Almadaly et al.
2012).

.5.4. Hypoosmotic swelling test (HOST)
To assess the functional status of sperm plasma membrane, the

permatozoa was  subjected to HOST (Jeyendran et al., 1984, 1992).
riefly, HOST was  performed by incubating an aliquot (100 �l) of

emen sample with 1 ml  of 150 mOsm hypoosmotic solution at
7 ◦C for 1 h. After incubation, an aliquot (50 �l), of the sperma-
ozoa subjected to HOST was mixed with an equal volume of 2%
lutaraldehyde/0.165 M sodium cacodylate buffer (pH 7.3 at 25 ◦C)
evaluation method bars bearing different superscripts were significantly differ-
ent  at P < 0.05. HF = highly fertile; F = fertile; SF = subfertile; EN = eosin-nigrosin;
GF  = glutaraldehyde fixation.

at room temperature for a minimum of 30 min. Just prior to analy-
sis the tubes were gently mixed and two  wet  mounts 2 �l each of
glutaraldehyde fixed sperm cells were cover slipped and observed
under a phase-contrast microscope at 1000× magnification. At least
200 spermatozoa on each mount were counted and the propor-
tion of spermatozoa exhibits tail swelling or having coiled, bent
and looped tails were determined (Y). In total 400 spermatozoa
were examined in different microscopic fields. Proportion of HOST-
positive sperm cells (% intact-membrane) was  determined from
the following equation (HOST-positive % = Y − X/400 × 100), where
X was spermatozoa having tail abnormalities such as those shown
in Fig. 3, panels L–P according to Fukui et al. (2004). Finally, % intact-
membrane obtained with HOST was also compared with those
obtained by EN stain.

2.5.5. Sperm concentration

Sperm concentration was calculated in duplicate using a

Neubauer chamber (Marienfeld, Germany) according to the method
of World Health Organization (1992). Briefly, semen was  diluted
at a ratio of 1:300 in sperm counting medium and an aliquot
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Fig. 3. The detected sperm abnormalities by EN stain and GF.
T e head
( (panel
t ched t

(
T
s

hese abnormalities were visualized with a 1000 × phase-contrast objective. Doubl
panels-D–F), proximal protoplasmic droplet (panel-G), distal protoplasmic droplet 

erminally coiled tail (panel-O), bent tail (panel-P), tailless head (panels-Q–S), deta
12.5 �l) of mixture was placed on a haemocytometer chamber.
he number of cells was counted under a phase-contrast micro-
cope at 400× magnification. Sperm concentration was calculated
 (panel-A), pear shaped head (panel-B), macrocephalic sperm (panel-C), dag defect
-H), bent middle-piece (panels-I,J), broken neck (panel-K), looped tail (panels-L–N),
ail (panel-T).

and expressed as 109/ml. Finally, the total sperm count per ejac-

ulate was  calculated by multiplying ejaculate volume times the
sperm concentration.
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.6. Recovery of SP and measuring its TPC

Immediately, after semen collection SP was obtained by cen-
rifuging at 12000 × g for 30 min  in a cooling centrifuge at 4 ◦C. The
upernatants (SP) were transferred into 0.6 ml  centrifuge tubes, and
entrifuged again to eliminate the remaining cells and debris in
rder to obtain on clear SP. Finally, SP was stored at −80 ◦C until
lectrophoresis. The TPC (g/dl) of SP was determined using a hand-
eld Refractometer (ATAGO, Brix 0–32%, Japan) according to Marsh
nd Fingerhut (1962).

.7. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) of ovine
P

Sodium dodecyl sulphate-PAGE was performed in five replicates
sing SP of seven (3 HF, 3 F and 1 SF) rams within the same gel to
etermine the molecular weight and the relative content of various
P proteins among the three fertility groups of rams. Frozen SP sam-
les were thawed at room temperature and subjected to SDS-PAGE
ccording to the method previously described by Laemmli, (1970).
riefly, SP samples were diluted 1:1 (v/v) with the sample buffer
4% (w/v) SDS, 20% (v/v) glycerol, 10% (v/v) �-mercaptoethanol and
f pH 6.8] and boiled for 5 min. After centrifugation at 10000 × g
or 5 min  at 4 ◦C, the supernatants containing the proteins were
ollected and stored at −80 ◦C until analysis. Extracted SP proteins
ere separated on 15% (w/v) polyacrylamide gel containing 0.1%

w/v) SDS at room temperature and 20 mA/gel using a mini protean
II vertical slab gel electrophoresis apparatus (Bio-Rad Laborato-
ies, USA). After electrophoresis, gels were immersed for few min
n a freshly prepared pre-fixative solution of 20% (v/v) methanol,
.5% (v/v) acetic acid in H2O. Gels were stained with 0.1% (w/v)
oomassie brilliant blue R-250 at room temperature with gen-
le shaking for 1 h (Bürk et al., 1983); then destained in a freshly
repared solution of 30% (v/v) methanol, 10% (v/v) acetic acid in
2O overnight with gentle shaking. Finally, the gels were scanned

Epson PM-A900, Japan) and the apparent molecular weight was
stimated using broad-way dual prestained protein marker (rang-
ng from 7 to 240 kDa, iNtRON Biotechnology, Korea).

.8. Statistical analyses

The results were tabulated as mean ± standard error of mean
SEM). All analyses were carried out using a statistical software
rogram (GraphPad Prism Version 5.0; GraphPad Software, San
iego, CA, USA). Analysis of variance (ANOVA) with Tukey’s multi-
le comparison test was used subsequently for comparison of mean
alues at a significance level of P < 0.05. Pearson’s correlation coef-
cient (Snedecor and Cochran, 1994) was applied to examine the
elationship of TPC of SP with semen characteristics and the interre-
ationship among semen characteristics. Correlations with P < 0.05

ere considered significant. The proportions of intact-membrane
nd abnormal morphology of the two evaluation methods were
ubjected to Student’s paired t-test at a significance level of P < 0.05.

. Results

.1. Testicular volume, stimulation time and semen
haracteristics

The mean ± SEM of TV, ST and semen characteristics of the
hree fertility groups of rams have been summarized in Table 1.
he obtained results revealed that TV was greater (P < 0.05) in

F group (430.4 ± 14.3 mm3) than F (357.2 ± 24.6 mm3) and SF

261.2 ± 8.4 mm3) groups. All semen characteristics of SF group
xcept ejaculate volume, sperm concentration and total sperm
ount per ejaculate were significantly (P < 0.05) lower than those
t Research 144 (2016) 90–99

of F and HF groups. Notably, all semen characteristics except ejac-
ulate volume, sperm concentration and HOST-positive sperm cells
were similar (P ≥ 0.05) between HF group and F group (Table 1).
Furthermore, HF group ejaculated after short ST (38.4 ± 2.3 s)
similar to those of F group (42.2 ± 1.6 s) whereas, SF group
ejaculated after a prolonged (85.0 ± 4.1 s) ST. Also, SF group
yielded lower (0.55 ± 0.02 ml)  ejaculate volume compared with
HF (1.27 ± 0.07 ml)  group. Moreover, HF group had the highest
proportions of motility (85.3 ± 0.5), viability (85.4 ± 0.3) and intact-
acrosome (99.8 ± 0.1) without significant difference from F group
but with highly significant (P < 0.001) difference than SF group.
Interestingly, only the proportions of HOST-positive sperm cells
showed highly significant (P < 0.001) difference among the three
fertility groups. Also, F group yielded the highest sperm concentra-
tion (3.69 ± 0.23 × 109/ml) with significant difference from both HF
(2.79 ± 0.25 × 109/ml) and SF (2.35 ± 0.29 × 109/ml) groups. Total
sperm count per ejaculate of HF (4.03 ± 0.46) group was  greater
(P < 0.001) than that of SF (1.33 ± 0.19) group as shown in Table 1.

3.2. Correlation of the TPC of SP with ST and semen characteristics

Our data revealed that TPC (g/dl) of SP was similar in HF
(5.9 ± 0.2) and F (5.8 ± 0.1) groups and both were greater (P < 0.001)
than that of SF (3.8 ± 0.1) group. Regarding the correlation of the
TPC of SP in each fertility group with the corresponding ST and
semen characteristics our results revealed that in HF and F groups
TPC of SP showed highly significant (P < 0.001) negative corre-
lation with ST and showed highly significant (P < 0.001) positive
correlation with all semen characteristics (ejaculate volume, wave
motion, motility, viability, intact-acrosome, sperm concentration,
total sperm count per ejaculate and HOST-positive sperm) as shown
in Table 2. On the other hand, the TPC of SP in SF group did not have
significant correlations with ST and semen characteristics (Table 2).

In regards to the overall correlation in the three fertility
groups of rams the obtained data revealed that TPC of SP has
highly significant negative (r = −0.721, P < 0.001) correlation with
ST whereas, has highly significant (P < 0.001) positive correla-
tion with TV and all semen characteristics as shown in Table 3.
Likewise, TV showed significant negative correlation (r = −0.646,
P < 0.01) with ST but has significant (P < 0.05) positive correla-
tion with all semen characteristics except sperm concentration.
Moreover, ST has highly significant (P < 0.001) negative correla-
tion with all semen characteristics, whilst ejaculate volume has
significant (P < 0.01) positive correlation with the other semen
characteristics (Table 3). Wave motion has highly significant
(P < 0.001) positive correlation with the proportions of motil-
ity (r = 0.836), viability (r = 0.858), intact-acrosome (r = 0.767) and
HOST-positive sperm (r = 0.687) and motility has highly signifi-
cant (P < 0.001) positive correlation with all semen characteristics.
Viability showed highly significant (P < 0.001) positive correlation
with proportions of intact-acrosome (r = 0.861) and HOST-positive
sperm (r = 0.781) and intact-acrosome showed highly signifi-
cant (r = 0.683, P < 0.001) positive correlation with HOST-positive
sperm. Furthermore, sperm concentration revealed highly signif-
icant (r = 0.768, P < 0.001) positive correlation with total sperm
count per ejaculate and HOST-positive sperm proportion was sig-
nificantly (r = 0.515, P < 0.001) correlated with total sperm count
per ejaculate (Table 3).

3.3. % intact-membrane by EN stain versus HOST

Fig. 1 shows that % intact-membrane of the three fertility groups

of rams by EN stain were greater (P < 0.001) than those deter-
mined by HOST. Moreover, % intact-membrane of both HF and F
groups was highly significant (P < 0.001) than that of SF group either
by EN stain or HOST (Fig. 1). EN stain failed to detect a signifi-
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Table  1
Mean ± SEM of TV, ST and semen characteristics in fresh ejaculates of Barki rams with different fertility.*

Fertility
groups

No. of
replicates
(n)

TV (mm3) ST (second) Ejaculate
volume
(ml)

Wave
motion
(0–5)

Motility (%) Viability
(%)

% intact-
acrosome

Sperm con-
centration
(x109/ml)

Total sperm
count
(x109)

HOST-
positive
(%)

HF group 45 430.4 ± 14.3a 38.4 ± 2.3a 1.27 ± 0.07a 4.4 ± 0.1a 85.3 ± 0.5a 85.4 ± 0.3a 99.8 ± 0.1a 2.79 ± 0.25b 4.03 ± 0.46a 69.5 ± 0.7a

F group 45 357.2 ± 24.6b 42.2 ± 1.6a 0.73 ± 0.03b 4.7 ± 0.1a 83.3 ± 0.7a 84.2 ± 0.5a 99.6 ± 0.1a 3.69 ± 0.23a 2.93 ± 0.27ab 65.5 ± 1.1b

SF group 15 261.2 ± 8.4b 85.0 ± 4.1b 0.55 ± 0.02b 2.6 ± 0.1b 57.6 ± 1.7b 61.9 ± 1.7b 92.8 ± 0.6b 2.35 ± 0.29b 1.33 ± 0.19b 50.4 ± 1.5c

n = 9 rams in HF and F groups but it was 3 rams in SF group with 5 ejaculates for each ram.
HF  = highly fertile; F = fertile; SF = subfertile; TV = testicular volume; ST = stimulation time; HOST = hypoosmotic swelling test.

* Means bearing at least one common superscript in a column did not differ statistically (P ≥ 0.05), otherwise significant at P < 0.05.

Table 2
Correlation of TPC (g/dl) of SP with ST and semen characteristics of Barki rams with different fertility.

Fertility
groups

No. of
replicates
(n)

TPC of SP
(g/dl)

ST Ejaculate
volume

Wave
motion

Motility Viability Intact-
acrosome

Sperm
concentration

Total
sperm
count

HOST-
positive

HF group 45 5.9 ± 0.2a −0.510*** 0.487*** 0.853*** 0.895*** 0.823*** 0.554*** 0.573*** 0.597*** 0.587***

F group 45 5.8 ± 0.1a −0.733*** 0.586*** 0.707*** 0.616*** 0.592*** 0.556*** 0.881*** 0.762*** 0.537***

SF group 15 3.8 ± 0.1b −0.115 0.457 0.078 0.218 0.158 0.129 0.385 0.463 0.504

n = 9 rams in HF and F groups but it was 3 rams in SF group with 5 ejaculates for each ram.
Upper values indicated Pearson’s correlation (r) coefficients.
TPC = total protein concentration; HF = highly fertile; F = fertile; SF = subfertile; ST = stimulation time; HOST = hypoosmotic swelling test.

*** P < 0.001.

Table 3
Correlation matrix among TPC of SP, TV, and ST as well as semen characteristics of Barki rams with different fertility.

Parameter TPC TV ST Ejaculate
volume

Wave
motion

Motility Viability Intact-
acrosome

Sperm con-
centration

Total
sperm
count

HOST-
positive

TPC 1.000
TV 0.862*** 1.000
ST −0.721*** −0.646** 1.000
Ejaculate volume 0.530*** 0.712*** −0.387*** 1.000
Wave motion 0.795*** 0.536* −0.722*** 0.391*** 1.000
Motility 0.751*** 0.644** −0.834*** 0.496*** 0.836*** 1.000
Viability 0.707*** 0.629** −0.780*** 0.465*** 0.858*** 0.952*** 1.000
Intact-acrosome 0.611*** 0.591** −0.763*** 0.375*** 0.767*** 0.843*** 0.861*** 1.000
Sperm concentration 0.628*** 0.198 −0.491*** 0.269** 0.470*** 0.418*** 0.340*** 0.253** 1.000
Total  Sperm count 0.667*** 0.701*** −0.512*** 0.786*** 0.472*** 0.521*** 0.453*** 0.355*** 0.768*** 1.000
HOST-  positive 0.702*** 0.662** −0.744*** 0.521*** 0.687*** 0.745*** 0.781*** 0.683*** 0.362*** 0.515*** 1.000

TPC = total protein concentration; TV = testicular volume; ST = stimulation time; HOST = hypoosmotic swelling test.
Upper values indicated Pearson’s correlation (r) coefficients.
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* P < 0.05.
** P < 0.01.

*** P < 0.001.

ant difference in % intact-membrane between HF and F groups
ut HOST succeeded to detect a significant (P < 0.05) difference

n % intact-membrane between HF and F groups as depicted in
ig. 1.

.4. % abnormal morphology by EN stain versus GF

Fig. 2 shows that both EN stain and GF detect a highly significant
P < 0.001) difference in % abnormal morphology among HF, F and
F groups. Notably, HF group has the lowest proportion of abnor-
al  spermatozoa either by EN stain (3.5 ± 0.3) or GF (3.1 ± 0.2).

lso, % abnormal morphology of F group was 7.9 ± 0.7 and 7.1 ± 0.5
y EN stain and GF respectively, whereas, the highest proportion
f abnormal spermatozoa was recorded for SF group either by EN
tain (26.0 ± 2.3) or GF (21.7 ± 1.2). Within HF and F groups, %
bnormal morphology was not significantly different between EN

tain and GF but within SF group, % abnormal morphology by EN
26.0 ± 2.3) stain was greater (P < 0.05) than that determined with
F (21.7 ± 1.2). The detected forms of sperm abnormalities were

ummarized in Fig. 3.
3.5. Protein profile of ovine SP with different fertility

A total of fourteen protein bands were detected and their molec-
ular weights ranged from 7 to 91 kDa as shown in Fig. 4A–C.
Interestingly, protein bands of 11, 13 and 22.5 kDa were more
prominent in HF group compared with F group but it was faint to
absent in SF group. In general, protein band of 7 kDa was prominent
in HF and F rams but it was  faint to absent in SF rams. Moreover,
protein bands of 91, 80 and 27 kDa were prominent in F and SF
groups than HF group. Surprisingly, the protein profile of SP in
SF group revealed undetectable protein bands except three clear
protein bands of 91, 80 and 27 kDa (Fig. 4A–C).

4. Discussion

The ejaculates collected by EE presented values of volume,
motility, viability, sperm concentration (Yue et al., 2009) and wave

motion (David et al., 2015; Sarlós et al., 2013) similar to that
recorded in ram semen collected by AV, showing that our protocol
of EE is efficient in collection of a semen sample with quality compa-
rable to those obtained by AV. Possibly, the hygienic condition and



96 E.A. Almadaly et al. / Small Ruminan

Fig. 4. SDS-PAGE of SP proteins in highly fertile, fertile and subfertile Barki rams.
Coomassie brilliant blue-stained protein bands of ovine SP separated by SDS-PAGE;
Std  = molecular weight standards; HF = highly fertile; F = fertile; SF = subfertile; Mr.
Wt  = molecular weight; kDa = kilodalton. The three (A–C) polyacrylamide gels rep-
resent all experimental rams each gel represent protein patterns of 7 rams including
3 HF, 3 F and 1 SF.
t Research 144 (2016) 90–99

minimal stress applied on rams during collection, have contributed
to disappearance the differences in semen characteristics between
AV and EE samples. Furthermore, a recent study (Jiménez-Rabadán
et al., 2016) reported that the post-thaw sperm parameters of ram
semen collected by EE were similar to those collected by AV.

Even though, several studies proved a correlation between SP
proteins and male fertility in some species of domestic animals
such as bull (Killian et al., 1993), ram (Jobim et al., 2005) and buck
(Villemure et al., 2003), a little information is available regarding
the relationship of TPC of SP with semen characteristics and fertility
in rams. The current study was conducted to get some informa-
tion in this field wherein, TPC values obtained herein were higher
than the values given by Mahsud et al. (2013) in SP of Lohi rams
semen collected by AV. This difference may  be due to the differ-
ent breed of ram (Barki versus Lohi), method of TPC estimation
(Refractometer versus Biuret method) and method of semen col-
lection (EE versus AV). The TPC make up the amphoteric property
of SP and low protein content in SP reduces its buffering capacity
(Mahsud et al., 2013) and in turns semen quality which might be
the reason for worse semen quality of SF group. It is also important
to emphasize that TPC of SP showed a highly significant (P < 0.001)
positive correlation with all semen characteristics of Barki rams
in agreement with the findings of Gundogan (2006) and to some
extent corroborated well with the findings of Mahsud et al. (2013).
Hence, our findings suggest that poor semen quality is associated
with low TPC in SP and undetectable protein bands on polyacry-
lamide gel in accordance with Barrios et al. (2000). Furthermore,
this study supports our recent investigation (Almadaly et al., 2015)
that TPC of SP measured by the hand-held Refractometer are sig-
nificantly correlated with those by the Lowry method (r = 0.745;
P < 0.002). Accordingly, it has been concluded that both Refract-
meter and Lowry methods measure the same parameter in SP. As
well, HF group has higher TPC and denser protein bands especially
fertility-associated proteins of 11, 13 and 22.5 kDa than those of
F and SF groups. Based on the current findings, it is obvious that
measuring TPC of SP with hand-held Refractometer could be used
as useful tool to differentiate at least between F group and SF group
of Barki rams.

In addition, ST has highly significant (P < 0.001) negative correla-
tion with all semen characteristics which means that semen sample
collected after a prolonged ST has poor semen quality compared to
that collected after a short ST. This finding seems beneficial during
breeding soundness evaluation of rams before the breeding sea-
son to exclude those ejaculated after a prolonged time of electrical
stimulation due to their poor semen quality. In fact, the fertility
of rams is basically characterized by the quality parameters of the
ejaculate and the fertilization process consists of several events that
all must occur efficiently to achieve successful conception. Hence,
sperms which are defective, can affect any of these events leading
to reduced fertility (Leahy and Gadella, 2011; Vicente-Fiel et al.,
2014). These findings coincided with our results because all semen
characteristics of SF group especially wave motion (2.6 ± 0.1), and
proportions of motility (57.6 ± 1.7), viability (61.9 ± 1.7) intact-
acrosome (92.8 ± 0.6) and HOST-positive (50.4 ± 1.5) were lower
(P < 0.001) than those of F and HF groups. Furthermore, SF group
has greater % abnormal morphology than F and HF groups wherein,
the most common sperm abnormalities in SF group were primary
sperm abnormalities such as pear shaped head (Fig. 3, panel B)
and macrocephalic head (Fig. 3, panel C) and secondary sperm
abnormalities such as dag defect (Fig. 3, panels D–F), proximal pro-
toplasmic droplet (Fig. 3, panel G) and distal protoplasmic droplet
(Fig. 3, panel H).
When evaluating semen, the ultimate goal is to accurately pre-
dict its fertilizing potential. The sperm membrane integrity is a
critical event for sperm-oocyte interaction and fertilization (Brito
et al., 2003). The present manuscript evaluates the plasma mem-
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Table 4
Protein bands detected in the present study with reference to known SP proteins.

Estimated molecular
weight (kDa)

Candidate protein (molecular weight, kDa)

91 Prominin-2 (88)
80 Melanotransferrin (81)
75  Lactoferrin (77)
71.5 Serum albumin precursor (69)
58  Extracellular matrix protein 1 isoform 1 (60)
47.5 Phosphoglycerate kinase 2 (45)
27  14-3-3 protein zeta (26) or lipocalin-type PGDS (27)
22.5  Prostaglandin-H2-null-isomerase precursor (21)
19  Binder of sperm 5 (BSP5, 18)
18 Binder of sperm 5 (BSP5, 18)
16 Epididymal secretory protein E1 (16)
13 Spermadhesin Z13 (SPADH2, 15) or binder of sperm 1

(BSP1, 15)
11 Bodhesin-2 (12)
7 Caltrin-like protein (9)
E.A. Almadaly et al. / Small Ru

rane integrity of sperm cell by using vital stain (EN) and HOST to
ive an accurate diagnosis on the fertilizing potential of ram semen.
here was clear difference between results of EN stain and HOST

n the current study, because the proportions of intact-membrane
perm identified by HOST being consistently lower (P < 0.001) than
hose determined with EN stain within the same fertility group of
ams. This result is consistent with the concept that vital stains are
ommonly used to evaluate the physical integrity of plasma mem-
rane, while HOST evaluates the biochemical activity of plasma
embrane; thereby the physical intactness of plasma membrane

oes not ensure that it is functional in agreement with similar stud-
es done in stallions (Neild et al., 1999), boars (Zou and Yang, 2000)
nd bulls (Brito et al., 2003). This might be the reason for that
OST succeeded to discriminate among the three fertility groups
f rams in terms of % intact-membrane but EN stain failed to dis-
riminate between HF and F rams. In addition, the proportion of
OST-positive sperm was highly (r = 0.781, P < 0.001) correlated
ith the proportion of unstained sperm detected by EN stain.

Assays that determine if a sperm is alive, in particular viability
nd motility assays appear to most informative, as they consistently
ppear in multivariate correlations with male fertility. A recent
tudy (David et al., 2015) reported that mass sperm motility is a con-
incing indicator of fertility in sheep. We  found the values of wave
otion and the proportions of motility, viability; intact-acrosome

nd HOST-positive sperm in HF and F groups have highly signifi-
ant positive correlation with TPC of SP. In other words, all these
emen characteristics should be positively correlated with ram fer-
ility because all the above-mentioned semen characteristics were
on-significantly correlated with TPC of SP in SF group. It has been
roven that the proportion of HOST-positive sperm cells varies
ith animal; wave motion, progressive motility, sperm count, %

ntact-acrosome (Prasad et al., 1999) and individual fertility level
Jeyendran et al., 1984). Depending upon our obtained data which
evealed the proportion of HOST-positive sperm cells has highly
ignificant (P < 0.001) positive correlation with TPC of SP in F and
F groups. Consequently, it is obvious that the high TPC of SP is
ssociated with good semen quality and fertility at least in F and
F Barki rams.

The breadth of in vitro laboratory evaluations of semen ranges
rom subjective microscope evaluation to proteomics. Microscopic
valuation of sperm motility and morphology have been, and will
ikely continue to be, two of the most important predictors of fer-
ility in terms of utilization and the variation in fertility that these
ariables explain. The frequency of sperm abnormalities of vari-
us types have been correlated with fertility (Al-Makhzoomi et al.,
008; Gillan et al., 2008). Even though, within HF group and F
roup there was no significant difference in % abnormal morphol-
gy between EN stain and GF but within SF group the proportion
f abnormal sperm cells was greater (P < 0.05) by EN stain than GF.
urthermore, the two methods could discriminate among the three
ertility groups of rams depending upon the proportion of abnormal
perm cells. However, GF failed to detect any significant difference
n % intact-acrosome between fertile and subfertile Japanese Black
ull spermatozoa in our recent study (Almadaly et al., 2012). For-
unately, in the current study GF did not only succeed to detect a
ignificant difference in % intact-acrosome between fertile and sub-
ertile rams, but also it detects a significant difference in % abnormal

orphology among highly fertile, fertile and subfertile rams. The
eason for this discrepancy might be the type of spermatozoa (fresh
r frozen-thawed), animal species (ovine or bovine) and method of
emen collection (EE or AV); frozen-thawed bull semen collected
y AV (Almadaly et al., 2012) versus fresh ram semen collected by

E in the current study.

According to Bergeron et al. (2005) most proteins in ovine
P are below 30 kDa, prevailing those with a molecular mass of
5–16 kDa and 22–24 kDa. These findings are consistent with our
PGDS = prostaglandin D2 synthase; kDa = kilodalton.

results because protein bands of 11, 13 and 22.5 kDa were pre-
dominant especially in F and HF groups and these protein bands
represent the major proteins in ovine SP according to the size and
the staining intensity of these bands. Our study might be unique
in detection of a small molecular weight protein of 7 kDa which
may  be a new candidate of fertility-associated protein in ovine SP
because it was barely detectable in SF rams. This low molecular
weight protein (7 kDa) might be present only in SP collected by EE
because recently Ledesma et al. (2014) found that EE increases low
molecular weight proteins in ram SP. It is noteworthy that protein
bands of 11, 13 and 22.5 kDa were predominant in HF group com-
pared with F group but these protein bands were faint to absent
in SF group. Accordingly, it was  suggested that protein bands of
11, 13 and 22.5 kDa could be a kind of fertility-associated proteins
in ovine SP where those of 11 and 13 kDa were similar to bovine
SP proteins A1/A2 according to Jobim et al. (2005). Protein band
of 13 kDa may  correspond to spermadhesin of 15.5 kDa (≈45% of
the total protein) and protein bands of 11, 18 and 22.5 kDa may
correspond to proteins of 15, 22 and 24 kDa respectively in ram SP
according to Bergeron et al. (2005).

A recent proteomic study (Soleilhavoup et al., 2014) using high
resolution strategies has been identified more than 700 proteins
in ram SP, including a high abundance of binder of sperm family
proteins, the spermadhesin family, lactoferrin and newly identi-
fied proteins. It is of interest to note that, all the fourteen protein
bands detected in our study were present within the major 40 pro-
teins identified by Soleilhavoup et al. (2014). In the present study,
the detected SP proteins of 91, 80, 75, 71.5, 58, 47.5, 18, 16 and
7 kDa (Fig. 4A–C) may  correspond to prominin-2, melanotrans-
ferrin, lactoferrin, serum albumin precursor, extracellular matrix
protein 1 isoform 1, phosphoglycerate kinase 2, binder of sperm
5, epididymal secretory protein E1 and caltrin-like protein, respec-
tively, as summarized in Table 4 according to Soleilhavoup et al.
(2014). Additionally, the predominant SP proteins of 27, 22.5, 13
and 11 kDa (Fig. 4A–C) may  correspond to 14-3-3 protein zeta,
prostaglandin-H2-null-isomerase precursor, spermadhesin Z13 or
binder of sperm 1 and bodhesin-2, respectively (Soleilhavoup et al.,
2014).

Prostaglandin D2 synthase (PGDS) is a major epididymal secre-
tory protein identified in several species (Fouchécourt et al., 1999,
2002; Gerena et al., 2000). This lipocalin-type PGDS identified in
ram SP originates from epididymis not from prostate or vesicular
glands (Fouchécourt et al., 1999) and showed a high capacity to

bind to lipophilic molecules such as retinoic acid and testosterone
(Fouchécourt et al., 1999, 2002). This high capacity of PGDS to bind
and, potentially, transport steroid suggests that it could be involved
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n the regulation and maintenance of functions of the epididymal
pithelium. Thus, suggesting a possible role of PGDS in sperm mat-
ration and/or storage. Taken together, these results suggest that
rotein band of 27 kDa detected in the present study may  corre-
pond to this 27 kDa lipocalin-type PGDS because the intensity of
his band was different among the three fertility groups of rams.

oreover, in SF group this 27 kDa protein band was faint in com-
arison to HF and F groups of rams which might be responsible

or the higher % abnormal morphology in SF group particularly
econdary sperm abnormalities (dag defect, proximal and distal
rotoplasmic droplets). Although, the functions of several SP pro-
eins are uncertain but in ram SP proteins have been proven to
rotect spermatozoa from cold shock prior to cryopreservation (de
raaf et al., 2008; Muino-Blanco et al., 2008). The other impacts of
P proteins on sperm cell function warranted further investigation
o gain further insights into the potential roles of SP proteins in

ale reproduction.

. Conclusions

Differences in SP protein composition of Barki rams with differ-
nt fertility and fertility-associated proteins (11, 13 and 22.5 kDa) in
vine SP were detected. The TPC of SP was positively correlated with
V and all semen characteristics but negatively correlated with ST.
ence, TPC of SP might be an indicator of fertility in ram. Moreover,

t has the advantage of being inexpensive, easy to conduct and rapid
o perform and thus can be used routinely as an essential index to
valuate ram fertility and semen quality. All of GF, EN stain and
OST might be useful tools to differentiate among rams with dif-

erent fertility. Further studies on several hundred ejaculates will
im to construct reliable and simple assay for the prediction of male
ertility through SP protein analysis.
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