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Abstract The study was conducted to detect haptoglobin in seminal plasma (SP-Hp) of Awassi

rams and the effect of the breeding season on its concentration, along with determining the corre-

lation with its concentration in serum (S-Hp) and main semen variables. Pre-warmed artificial

vagina was used to collect semen samples biweekly from five Awassi rams. Semen samples were

evaluated for volume, concentration and sperm motility. Blood samples were collected 10–30 min

after semen collection. The concentration of serum and seminal plasma Hp was determined using

ELISA. The mean ± SESP-Hp concentrations ranged from 0.25 ± 0.05 to 0.81 ± 0.44 lg/ml,

whereas those of S-Hp-ranged from 0.99 ± 0.29 to 2.99 ± 0.18 mg/ml. There was a significant

(P < 0.05) positive correlation (r = 0.329) between SP-Hp and S-Hp concentrations. Both

SP-Hp and S-Hp concentrations were significantly (P < 0.05) higher in winter as compared with

the other seasons. The concentrations of SP-Hp and S-Hp during the breeding season were

significantly lower (P< 0.01) than those of the out season period. SP-Hp concentration negatively

correlated with semen volume and sperm concentration (r = �0.164 and �0.121), whereas sperm
concentration positively correlated with individual sperm motility (r = 0.100). No significant

correlation was detected between SP-Hp and semen parameters. It can be concluded that, Hp is

present in ram seminal plasma and its concentration was about 2000 folds lower than that of the

serum, and Hp concentration was lower during the breeding season, but its concentration in seminal

plasma has no significant correlation with semen parameters.
ª 2012 Cairo University. Production and hosting by Elsevier B.V. All rights reserved.
Introduction

Haptoglobin (Hp) is an acute phase protein, which is mainly
produced in the liver as well as – other tissues such as lung

[1], adipose tissue [2], skin [3], spleen [4], udder [5], ovary,
uterus and placenta [6].The most important biological function
of – Hp includes host defense responses to infection and

inflammation [7]; it acts as an antioxidant [8], antibacterial
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Fig. 1 Standard curve of Hp concentration.

Table 1 The individual variation between rams in SP-Hp and

S-Hp concentration (Mean ± SE, 18 ejaculates and blood

samples from each ram).

No. of ram SP-Hp (lg/ml) S-Hp (mg/ml)

1 0.81 ± 0.44a 1.05 ± 0.26a

2 0.25 ± 0.05a 0.99 ± 0.29a

3 0.60 ± 0.23a 2.99 ± 0.18b

4 0.48 ± 0.11a 1.43 ± 0.43a

5 0.62 ± 0.11a 1.17 ± 0.23a

A significant (P < 0.001) difference was observed in S-Hp con-

centration between rams.
a,b The different letters at the columns refer to significant difference

(P < 0.05).
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[9], anti-inflammatory [10], inhibitor of prostaglandin synthesis
[11] and it has an effect on vitamin C metabolism [12].

Hp has been detected in the serum of human and many

farm animal species including equine, bovine, ovine, caprine
and swine. Furthermore, it has also been detected in the milk
[13–16], saliva [17], urine [18], meat juice [19], and uterine

secretion [20–22].
Previous studies have reported Hp detection in the repro-

ductive system of women and in females of some laboratory

and farm animals; women uterus [22] and follicular fluid
[23], rat ovaries [24], mice uterus and ovaries [25], rabbit uterus
[6], and buffalo follicular fluid [26].

There is no information on the presence of Hp in male

reproductive system of farm animals. One study, however,
recorded the production of Hp by Sertoli cells of rats [24].
Therefore, the present study was conducted to detect Hp

in seminal plasma of Awassi rams and the effect of breeding
season on its concentration, and to determine the correlation
of its concentration in serum and some semen parameters.

Material and methods

Animals

Five adult rams, 3.5–4 years of age were used in this study. The

rams were maintained at the animal house of the College of
Veterinary Medicine, University of Mosul under uniform feed-
ing and housing conditions.

Collection of seminal plasma

Semen samples were collected biweekly using pre-warmed
artificial vagina (40 �C) during the period from July 2010 to

February 2011 (18 ejaculates from each ram). During this
period, the rams were passing through the breeding season
(July – September) and non-breeding season (October – Febru-

ary) [27]. Immediately after semen collection, each sample was
individually evaluated for volume using a graduated test tube,
individual sperm motility by light microscopy and sperm

concentration using a spectrophotometer [28].
Seminal plasma was collected by dilution of the semen

samples with physiological normal saline at a ratio of 1:10, then
plasma was separated using a centrifuge at 3000g for 30 min.

Seminal plasma samples were kept at �20 �C until assayed.

Blood collection

Ten to thirty minutes after semen collection blood samples
were collected using 18 gauge needles into sterile serum separa-
tion tubes. The samples were allowed to clot at room temper-

ature for 30 min, and then kept at 5 �C for 24 h. Thereafter, the
blood tubes were centrifuged at 3000g for 15 min and the ser-
um was collected and stored at �20 �C until assayed.

Hp assay

The concentration of serum and seminal plasma Hp was deter-
mined using ELISA according to the method that was previ-

ously described by Hiss et al. [5]. The Hp concentration in
samples was calculated according to the prepared standard
curve (Fig. 1).
Statistical analysis

Data of all experiments were expressed as mean ± SE. Data
were statistically analyzed by one way analysis of variance, fol-

lowed by Duncan’s multiple range test. Pearson correlation
coefficients was used to analyze the relationship between the
parameters. All statistical analyses were performed by Sigma

Stat (Jandel Scientific Software V3.1). P < 0.05 was consid-
ered as statistically significant.

Results

Semen parameters

The mean ± SE of semen volume of the rams along the period
of study was 1.23 ± 0.05 ml, and the sperm concentration was

3.88 ± 0.06 · 109 sperm/ml, whereas that of the individual
motility was 87.66 ± 1.04%.

Ram individual variation

The mean seminal plasma Hp concentration of the five rams
during study period ranged (from) 0.25 ± 0.05 (to)
0.81 ± 0.44 lg/ml. No significant difference was detected

among the SP-Hp of the rams. The serum Hp concentration
of ram during the period of study ranged (from) 0.99 ± 0.29
(to) 2.99 ± 0.18 mg/ml. A significant (P < 0.05) difference

was observed in S-Hp concentration among the rams
(Table 1). There was a significant (P < 0.05) positive
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Fig. 2 Correlation between concentration of SP-Hp and S-Hp

(n= 5).

Table 3 Breeding seasons and SP-Hp and S-Hp concentration

(Mean ± SE, n= 5).

Season SP-Hp (lg/ml) S-Hp (mg/ml)

Breeding season 0.27 ± 0.04* 0.71 ± 0.30*

Non-breeding season 0.63 ± 0.10 1.65 ± 0.26

P value 0.01 0.048

* There is a significant difference among the breeding seasons.

Table 4 Correlation coefficient between SP-Hp concentration

and semen parameters (n= 5).

Semen parameters Correlation coefficient

(r) with SP-Hp

concentration

P value

Semen volume �0.164 0.192

Semen concentration �0.121 0.336

Individual motility 0.100 0.426

Haptoglobin in seminal plasma of Awassi rams. 561
correlation (r= 0.329) between SP-Hp and S-Hp concentra-
tion (Fig. 2).

Season of year

SP-Hp concentration was significantly higher (P < 0.05) in

winter (0.53 ± 0.10 lg/ml) compared to those of the summer
(0.29 ± 0.02 lg/ml) and autumn (0.36 ± 0.06 lg/ml). No
significant variation occurred in SP-Hp between summer and

autumn. The S-Hp concentration varied significantly (P <
0.01) among the seasons of the year. The concentration in
winter was higher (2.16 ± 0.22 mg/ml) than those of the sum-

mer (0.40 ± 0.12 mg/ml) and autumn (1.45 ± 0.22 mg/ml)
(Table 2).

Breeding season

SP-Hp and S-Hp concentrations (0.27 ± 0.04 lg/ml and
0.71 ± 0.30 mg/ml) during the breeding season were signifi-
cantly lower (P < 0.01) than those of the out season period

(0.63 ± 0.10 lg/ml and 1.65 ± 0.26 mg/ml) (Table 3).

Seminal plasma Hp and semen parameters

SP-Hp concentration negatively correlated with semen volume
and sperm concentration of ram (r= �0.164 and �0.121),
whereas its concentration positively correlated with individual

sperm motility (r = 0.100). However, the correlation was not
significant between SP-Hp and semen parameters (Table 4).
Table 2 Seasons of year and SP-Hp and S-Hp concentration

(Mean ± SE, n = 5).

Season of year SP-Hp (lg/ml) S-Hp (mg/ml)

Summer 0.29 ± 0.02a 0.40 ± 0.12a

Autumn 0.36 ± 0.06a 1.45 ± 0.22b

Winter 0.53 ± 0.10b 2.16 ± 0.22c

A significant difference in SP-Hp (P= 0.024) and S-Hp

(P= 0.002) concentration was recorded among the seasons of year,
a,b,c The different letters at the columns refer to significant differ-

ence (P< 0.05).
Discussion

Hp was determined previously in some body fluids such as
saliva, milk and urine [15–18], and the result of this study
indicated the presence of Hp in ram seminal plasma.

The concentration of serum Hp was more than 2000 folds
higher than that of the seminal plasma. The recorded concen-
tration of Hp in this study is lower than that of the porcine

saliva [17] and higher than that of the bovine milk [29].
The significant correlation between serum and seminal

plasma Hp concentrations in accordance with the results of

others in which a significant correlation was reported between
serum Hp and saliva and meat juice Hp of swine [17] and milk
Hp of cows [13,14].

Results of the present study indicated that Hp in serum an

seminal plasma was higher during winter when compared with
autumn and summer. This variation could occur as a result of
cold stress during the winter months. Up to our knowledge,

there is no available reference studying the effect of the
seasonal changes on Hp concentration in domestic animals.
However, one report indicated that Hp concentration was

higher in winter than in spring in European brown bears [30].
This study indicated that, the level of Hp in serum and sem-

inal plasma was lower during the breeding season. The reason

for this finding is not clear, although it could occur as a result
of elevated testosterone level during the breeding season of
rams [31]. Borglin and Nyman [32] have recorded a negative
correlation between women serum Hp and serum concentra-

tion of estrogen.
The volume and sperm concentration of semen reflect the

health status of male reproductive system; therefore, theoreti-

cally semen samples having a good volume and concentration
must have low Hp concentration in seminal plasma. Our re-
sults confirm this theory, there was a negative relationship be-

tween Hp concentration in seminal plasma, semen volume and
sperm concentration. The same relationship was also observed
between milk Hp concentration and health status of udder

[5,13–16].
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Conclusion

Hp is present in ram seminal plasma and its concentration was
about 2000 folds lower than that of the serum, and Hp concen-

tration was lower during the breeding season, but its concen-
tration in seminal plasma has no significant correlation with
semen parameters.
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