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Objective: To relate seminal plasma reproductive and metabolic hormone proﬁle to both
semen freezability and post-thaw semen characteristics.
Methods: Semen was collected from each Arabian stallion (N = 16) for ﬁve consecutive
weeks and evaluated before conducting this study. Seminal plasma was collected during
semen processing for measuring leptin, insulin, Insulin like growth factor-I (IGF-1),
cortisol, testosterone, estradiol and thyroid hormones. Stallions were classiﬁed into good
(N = 10) and poor freezer (N = 6). Semen post-thaw motility (%), viability index,
membrane and acrosome integrity (%) were also evaluated.
Results: Good freezer stallions had signiﬁcantly (P = 0.0001) high cortisol, estradiol,
insulin, IGF-1, T3 and T4, but signiﬁcantly low leptin (P = 0.003). Post-thaw sperm
viability index (P = 0.0001), membrane integrity (%) (P = 0.002) and motility (%)
(P = 0.0001) at 0, 1, 2 and 3 h of good freezer stallions was signiﬁcantly high compared
to poor freezers. Testosterone, insulin and IGF-1 in seminal plasma of good freezer
stallions had signiﬁcant (P < 0.01) positive correlation with sperm post-thaw viability
index but estradiol and insulin in seminal plasma of poor freezers correlated with sperm
post-thaw viability index. Within good freezer stallions, testosterone in seminal plasma
correlated positively with both viability and acrosome integrity but within poor freezer
stallions it had a negative correlation with both of them. Individual variation existed
between animals and signiﬁcantly affected seminal plasma hormones and semen postthaw characteristics.
Conclusion: Good freezer stallions could be selected depending on assaying seminal
plasma hormones. Both estradiol and IGF-1 could be used as semen extender supplementation to improve sperm post-thaw motility, viability and acrosome integrity.

1. Introduction
Stallion selection depended largely on performance and
phenotype, rather than semen quality and freezability. A wide
inter-individual variability in equine sperm quality became the
main challenge affecting the efﬁciency of semen cryopreservation [1]. According to individual variability, horses had been
classiﬁed into either good or bad freezers [2]. The predictive
value of several markers for semen quality parameters related
to successful freezability of horse semen was investigated [2,3].
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The intra-individual freezability variations was related to
sperm membrane protein, fatty acid or lipid content [3], to
seminal plasma constituents of the accessory glands that
controlled by reproductive hormones [4] and to differences in
circulating hormone concentrations [5].
Seminal plasma is a cocktail of secretions produced by the
testes, epididymis and accessory sex glands acting as a vehicle and
containing factors that modulate the fertilizing ability of the
ejaculated spermatozoa [6]. Leptin [7,8] and insulin [9,10] hormones
exist in seminiferous and in seminal plasma, expressed in and
secreted by spermatozoa to regulate sperm motility and
acrosome reaction [7–10]. Insulin-like growth factor-I (IGF-1) of
equine testicular ﬂuid, during all spermatogenic stages and spermatozoa and seminal plasma had been associated with sperm
characteristics and fertility [11]. Identiﬁcation of IGF-1 in seminal
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plasma and spermatozoa inﬂuenced sperm motility [12], membrane
integrity, lipid peroxidation and fructose uptake [13]. Testosterone
is an essential hormone for spermatogenesis [14], and during its
absence spermatogenesis is being arrested [15]. Both testosterone
and estrogen levels in the semen reﬂexes reproductive health
status and testicular estradiol plays a fundamental role in gamete
survival, proliferation, differentiation, and maturation of
spermatids [16]. Thyroid hormones affects testis development,
spermatogenesis, semen quality and male fertility [17,18].
The objective of the present study was to investigate the
associations between both seminal plasma metabolic, reproductive hormones and quality of frozen-thawed semen of good
and bad freezer Arabian stallions.

2. Materials and methods
2.1. Animals and semen collection
At once weekly collection schedule, ﬁve ejaculates per stallion were obtained from 16 Arabian stallions, aged 7–12 years,
and individually housed at Police Academy stud, Cairo, Egypt.
Ten stallions were previously classiﬁed as good freezers and the
other 6 stallions were poor freezers. Classiﬁcation as so-called
‘good’ or ‘poor’ freezers is based upon post-thaw motility.
Stallions with post-thaw spermatozoal motility greater than 35%
were considered good freezers [19]. At the time of collection,
early in the morning, a mare in estrus was used as a mount
animal. Semen was collected using a lubricated and prewarmed (45–50  C) Colorado model artiﬁcial vagina with an
inline ﬁlter to separate the gel fraction. Immediately following
collection, the gel-free portion of the ejaculate was evaluated for
progressive motility and only ejaculates with at least 60% progressively motile sperm were used during this study.

2.2. Seminal plasma samples
Part of the raw semen was centrifuged at 400×g for 10 min to
separate sperm from seminal plasma. The seminal plasma was
removed and ﬁltered through 1.2 mm ﬁlters to remove any residual sperm and stored at −80  C until assay [20].

2.3. Hormonal assay
Commercial kits for leptin and IGF-1 were purchased from
DRG Instruments, GmbH, Germany. Testosterone, estradiol 17b, cortisol, insulin, T3 and T4 were measured using commercial
ELISA (Chemux BioScience, Inc., San Francisco, USA). Sensitivity of the assay, intra and inter-assay precisions were 10 pg/mL,
9.1% and 9.8% for estradiol; 0.022 ng/mL, 6.6% and 7.3% for
testosterone; 0.2 ng/mL, 4.1% and 9% for T3; 0.6 mg/dL, 6.4%
and 9.9% for T4; 1.29 ng/mL, 6.62% and 7.79% for IGF-I; 1.0 ng/
mL, 3.1 and 9.7% for leptin; 0.4 mg/dL, 2.9% and 3.8%, respectively for cortisol; and sensitivity for insulin was 2.0 mIU/m.

2.4. Semen processing
The semen was extended 1:1 (semen:extender) in modiﬁed
INRA-82 extender that had been warmed to 38  C [21]. The
diluted samples were placed into 15-mL conical tubes and
centrifuged for 10 min at 400×g [22]. Pellets were diluted with
modiﬁed INRA-82 to a ﬁnal sperm concentration of

100 × 106 motile sperm/mL. Each aliquot was cooled slowly to
5  C over 1 h under aerobic conditions, and then incubated at
5  C for 30 min [23]. The extended semen was drawn into
0.5 mL straws (Minitube, Germany) and sealed thermally and
placed 4 cm above liquid nitrogen in the vapor phase in foam
box for 10 min before being plunged into the liquid phase [24].
The straws were then stored in goblets and kept immersed in
liquid nitrogen. For thawing, two straws per treatment were
warmed in a water bath at 37  C for 30 s [25].

2.5. Evaluation of frozen-thawed semen
Spermatozoa motility was examined and recorded using a
pre-warmed stage of phase contrast microscope (200×) just after
thawing (0 h) and at 1, 2 and 3 h post-thawing. In each semen
sample, the percentage of plasmatic membrane integrity in
sperm cells using hypo-osmotic stress (HOS) test was determined [26]. A 100 mL aliquot of each semen sample was mixed
in 1.0 mL of a pre-warmed 100 mOsm sucrose solution (1.712 g
sucrose dissolved in 50 mL of sterile, de-ionized water). The
mixture was incubated for 60 min at 37  C in a 1.5 mL microcentrifuge tube. Following incubation, a small drop of the
sample was placed on a microscope slide and cover-slipped for
examination using phase contrast microscopy (400×) to evaluate
100 spermatozoa for evidence of swelling and curling changes.
Acrosomal status was evaluated by a dual staining procedure
[27]. Brieﬂy, spermatozoa were incubated with an equal volume
of 0.2% trypan blue for 10 min and washed twice (centrifugation
at 700×g for 6 min) with BO medium. Smears were made on
glass slides and dried quickly on a warm stage. Slides were
stained with 10% giemsa stain for 40 min, then were rinsed
under a stream of distilled water, air-dried, and covered with
coverslips. Spermatozoa were classiﬁed as acrosome intact (light
purple-dark pink acrosome), and damaged/lost acrosome (unstained or blue acrosome).

2.6. Statistical analysis
Data are presented as mean ± standard error of mean (SEM).
Data are subjected to independent sample t-test using computer
software SPSS [28]. Simple one way ANOVA was used to study
the effect of animal within each animal class. Correlations
between seminal plasma hormones and frozen-thawed semen
parameters were also performed within each animal class.

3. Results
Good freezer stallions had a signiﬁcantly (P < 0.05) low
leptin but high cortisol, estradiol, insulin, IGF-1, T3 and T4
(Table 1). Leptin, cortisol estradiol, insulin, IGF-1 and T4
(P < 0.05) showed signiﬁcant individual variation (Table 1).
Good freezer group showed highest ability to preserve sperm
motility over 3 h period than bad freezer one (Table 2). Also
individual variation between animals signiﬁcantly (P = 0.0001)
affected sperm post-thaw motility at all examination times
(Table 2).
The viability index (P = 0.0001), post-thaw sperm membrane
integrity percent (HOS; P = 0.002) were signiﬁcantly high for
good freezer stallions compared to bad freezer ones. Variations
between animals was only signiﬁcant (P = 0.0001) for viability
index Table 3.
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Table 1
Mean ± S.E.M of hormones concentration in seminal plasma collected from stallions classiﬁed according to their semen freezability.
Hormone

Good freezers

Poor freezers

Total

P-value

Animal effect
P-value

Leptin (ng/mL)
Cortisol (mg/dL)
Testosterone (ng/mL)
Estradiol (pg/mL)
Insulin (U/mL)
IGF-1 (ng/mL)
T3 (ng/mL)
T4 (mg/dL)

1.65 ± 0.03
19.35 ± 0.59
2.10 ± 0.11
207.60 ± 4.76
55.19 ± 1.40
355.90 ± 11.57
0.71 ± 0.02
2.76 ± 0.03

1.76 ± 0.02
12.88 ± 0.42
2.05 ± 0.10
119.17 ± 3.23
34.73 ± 1.56
189.25 ± 7.40
0.58 ± 0.02
2.20 ± 0.05

1.69 ± 0.02
16.93 ± 0.53
2.08 ± 0.07
174.44 ± 5.78
47.5 ± 1.53
293.41 ± 11.91
0.66 ± 0.02
2.55 ± 0.04

0.003
0.0001
0.72
0.0001
0.0001
0.0001
0.0001
0.0001

0.021
0.034
0.96
0.001
0.0001
0.0001
0.59
0.0001

Table 2
Mean ± SEM of sperm post-thaw motility % of good and poor freezer
stallions.
Hours Good freezers Poor freezers

0
1
2
3

49.05
39.40
30.00
20.75

±
±
±
±

0.98
0.95
1.12
0.89

25.00 ± 0.86
16.50 ± 1.01
9.83 ± 1.35
3.00 ± 0.60

Total

40.03
30.81
22.44
14.08

±
±
±
±

P-value Animal
effect
P-value

1.48
1.43
1.39
1.14

0.0001
0.0001
0.0001
0.0001

0.0001
0.0001
0.002
0.0001

The correlations among seminal plasma hormones (leptin,
cortisol, testosterone, estradiol, insulin, IGF, T3, T4) and frozenthawed semen characteristics of good and poor freezer stallions
were showed in Table 4. Leptin in seminal plasma of good
freezer stallions had positive correlation with semen post-thaw
motility at hour 2 (r = 0.28; P = 0.046) (HOS) and 3
(r = 0.36; P = 0.011), and sperm membrane integrity (r = 0.42;
P = 0.008), but tended to have signiﬁcant correlation with
viability index (r = 0.24; P = 0.095), and acrosome integrity

(r = 0.25; P = 0.084). Cortisol in seminal plasma of good
freezers had signiﬁcant positive correlation with post-thaw
motility at 1 h (r = 0.31; P = 0.029), and sperm membrane
integrity % (r = 0.31; P = 0.028), but tended to have the same
correlation with both post-thaw motility at 2 h and viability
index (r = 0.24; P = 0.09). Testosterone in seminal plasma of
good freezers has signiﬁcant positive correlation with semen
post-thaw motility at 2 h (r = 0.42; P = 0.003), and 3 h (r = 0.38;
P = 0.007), viability index (r = 0.37; P = 0.008), and acrosome
integrity (r = 0.28; P = 0.049) but in seminal plasma of bad
freezers had negative correlation with sperm post-thaw motility,
viability index, sperm membrane integrity and acrosome integrity. Estradiol of seminal plasma of good freezers tended to have
a correlation with sperm post-thaw motility at 1 h (r = 0.25;
P = 0.085), but that of bad freezers had a strong positive and
highly signiﬁcant correlations with sperm post-thaw motility,
viability index and acrosome integrity, Insulin of good freezers
has signiﬁcant correlation with sperm post-thaw motility at
0 (r = 0.45; P = 0.001), 1 h (r = 0.43; P = 0.002), and viability
index (r = 0.35; P = 0.014). However, bad freezers insulin

Table 3
Mean ± SEM of sperm post-thaw viability index, sperm membrane integrity % (HOST) and sperm acrosome integrity % of good and poor freezer
stallions.
Post-thaw semen traits

Good freezers

Poor freezers

Total

P-value

Animal effect
P-value

Viability indexa
Sperm membrane integrity % (HOS)
Acrosome integrity %

114.68 ± 2.81
48.74 ± 0.70
51.48 ± 0.67

41.83 ± 2.89
43.50 ± 1.71
50.03 ± 0.68

87.36 ± 4.47
46.78 ± 0.82
50.94 ± 0.49

0.0001
0.002
0.156

0.0001
0.115
0.115

HOS: hypo-osmotic stress test.
a
Viability index = half of the post-thaw motility + the sum of motility at 1st, 2nd, and 3rd hpost-thaw.

Table 4
The correlation between seminal plasma hormones and frozen-thawed semen characteristics of good and poor freezer stallions.
Good freezers

Leptin
Cortisol
Testosterone
Estradiol
Insulin
IGF
T3
T4

0 hM

1 hM

0.22
0.13
0.06
0.13
0.45**
0.51**
0.19
0.34*

−0.1
0.31*
0.22
0.25a
0.43**
0.44**
0.19
0.26a

2 hM

3 hM

*

*

0.28
0.24a
0.42**
0.11
0.23
0.34*
0.03
0.18

0.36
0.06
0.38**
−0.03
0.09
0.18
−0.00
0.04

Poor freezers

Viability
a

0.24
0.24a
0.37**
0.14
0.35**
0.43**
0.11
0.23

HOS
**

0.42
−0.31*
0.22
−0.23
−0.23
−0.17
−0.06
−0.07

Acrosome
a

0.25
−0.17
0.28*
−0.04
−0.04
−0.09
−0.23
0.25a

0 hM
*

0.37
0.48**
−0.08
0.17
0.49**
0.13
0.23
−0.03

1 hM

2 hM

3 hM

Viability

HOS

Acrosome

0.21
0.16
−0.46*
0.65**
0.56**
0.41*
0.19
0.19

−0.09
−0.13
−0.45*
0.70**
0.27
0.09
−0.05
0.09

−0.23
−0.09
−0.45*
0.61**
0.50**
0.37
0.19
0.09

0.04
0.05
−0.47**
0.70**
0.48**
0.29
0.12
0.12

−0.12
−0.26
−0.38*
0.12
−0.04
−0.08
0.19
0.10

−0.16
−0.32a
−0.45*
0.56**
0.29
0.10
0.12
−0.29

HOS: sperm membrane integrity measured using hypo-osmotic stress test; h: hour.
M
Means post-thaw motility, aMeans signiﬁcant at P > 0.05, *Means signiﬁcant at P < 0.05,

Means signiﬁcant at P < 0.01.

**
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correlated signiﬁcantly with sperm post-thaw motility and
viability index.
IGF-1 in seminal plasma of good freezers had positive signiﬁcant correlations with sperm post-thaw motility at 0 h
(r = 0.51; P = 0.0001), 1 h (r = 0.44; P = 0.002), 2 h (r = 0.34;
P = 0.015), and viability index (r = 0.43; P = 0.002). T4 in
seminal plasma of only good freezers correlated with sperm
post-thaw motility at 0 h (r = 0.34; P = 0.017).

4. Discussion
Stallions' intra-individual variability in the acceptability for
semen freezing is a major constraint for the equine industry that
inﬂuences the commercial availability of frozen semen.
Recently, there is great research attention to disclose the
mechanisms and theories the individual variations associated
with sperm damage during cryopreservation and to assess the
freezability of the ejaculates before the freezing process.
Recognition of most suitable stallions or ejaculates for cryopreservation will enable the use of stallion frozen sperm by
avoiding the production of inferior-quality semen. However, a
technique to recognize good ejaculates prior to freezing is still
indeﬁnable. Markers of freezability depended on sperm shape
[29,30], and the chemical structure of the sperm plasma
membrane [31].
Results of the current study indicated that good freezer
stallion had a signiﬁcant increase of cortisol, estradiol, insulin,
IGF-1, T3 and T4 but a decrease of leptin than poor freezer one.
Seminal plasma level of leptin varies between different species
[32]. Spermatozoa of different species secrete and have receptors
leptin [9,33–35]. The presence of leptin levels in seminal plasma
of both intact and vasectomized men, indicates that testes are
not the sole origin of seminal leptin and either seminal
vesicles or prostate glands secrete it [36].
As reported in the current study, the correlation of seminal
plasma leptin to sperm motility after thawing of poor freezers
and to 2 h, 3 h after thawing of good freezers was positive and
signiﬁcant. In contrast, seminal plasma leptin had a negative
correlation with fresh sperm cell motility and the 1st h of postthaw motility [37,38], but correlated to oligozoospermic in
infertile men [39], varicocele-related spermatogenesis dysfunction in animal experiment [40], semen parameters [41]. The
absence of signiﬁcant correlation between seminal leptin
sperm post-thaw motility of good freezers at 0 h, 1 h and of
poor freezers at 1 h, 2 h, and 3 h were also conﬁrmed by absence
of correlation between seminal plasma leptin and any of semen
characteristics [36,42,43]. Seminal plasma leptin tended to
correlate with stallion post-thaw sperm membrane integrity
supplementation (P > 0.05) but in vitro its supplementation
signiﬁcantly improved sperm motility and membrane integrity
[10,44].
In the current study, seminal plasma cortisol of good freezer
stallions are signiﬁcantly higher than poor freezers and is nearly
similar to the blood serum cortisol level of Arabian stallion [45]
that is increased by natural mating [46] and sexual stimulation
[47]. However, the increased cortisol did not exert any effects
on testosterone levels and any of semen quality parameters of
pony stallions [48], because testicular function in stallions may
be well protected against temporarily increased cortisol levels.
Moreover, mature stallions are able to convert conversion of
active cortisol to inactive cortisone [49]. Seminal plasma cortisol
of good freezer stallions correlated positively with post-thaw

motility at 1 h and with oh of poor freezer stallions. Similarly,
seminal cortisol levels correlated with sperm motility [50]. In the
current study, no signiﬁcant different between seminal plasma
testosterone levels of good or poor freezer stallions was
observed, surprisingly, correlation between seminal plasma
testosterone with all post-thawing semen parameter of good
freezer stallions was positive but was negative with those of poor
freezer stallions. Testosterone level in Arabian stallions appeared
to be affected by age, seasonal variation, sexual stimulation and
social environment of the horse [45,51,52]. Similarly, no
differences in plasma testosterone concentrations were recorded
between both normal and poor semen quality stallions [53] and
rams [54] but seminal plasma testosterone concentrations were
signiﬁcantly higher in fertile bulls [55].
Good freezer stallions of the current stallions had higher
estradiol compared to poor freezers. Plasma levels of estrogen
conjugates were associated with sperm concentrations in subfertile stallions and could be an indicator of altered sperm quality
[56], sexual behavior [5], and resting condition [57]. Leydig cells
are the synthesizers of estradiol from testosterone by aromatase
in equine gonads [5,58]. Estrogens play an important role in
sperm maturation, capacitation, and penetration [59].
The positive correlation between estradiol and post-thaw
motility at 1 h, 2 h and 3 h of poor freezer stallions is similar
to that reported with frozen-thawed sperm cell motility and
sperm viability of Arab stallion [37].
Good freezer stallions of this study had high seminal plasma
insulin concentration and were signiﬁcantly similarly correlated
with frozen-thawed sperm cell motility at 1 h, 2 h and sperm
viability index of good and poor freezers. Similar correlations
had been previously reported in stallion semen [37].
Supplementation of freezing extender with insulin increased
motility, kinematics and acrosome integrity of frozen semen
[60], by promoting better glucose uptake by sperm providing
more substrate for maintenance of ﬂagellar activity [61].
Insulin-like growth factor I (IGF-I) in seminal plasma of
good freezer stallions correlated signiﬁcantly with sperm postthaw motility at 0 h, 1 h, 2 h and viability index. IGF-I was
essential for germ cell development, maturation and sperm
motility [12,62]. IGF-I concentrations in the seminal plasma of
stallions were positively correlated with fertility rates [11].
Similarly, a signiﬁcant correlation existed between IGF-I level
in seminal plasma and post-thaw motility of frozen-thawed
spermatozoa as well as viability index [11,37]. Seminal plasma
IGF-1 enhanced post-thawing sperm recovery after by promoting RNA, protein, and lipids synthesis, resulting in improving
sperm plasma membrane function and survivability [63],
decreased
lipid
peroxidation
production
during
cryopreservation and increased total and progressive motility
[13], improved sperm motility and plasma membrane integrity
of frozen-thawed semen [61].
A signiﬁcant increase of T4 in good freezer stallions of the
present study correlated with only post-thaw motility at 0 h and
tended to correlate with post-thaw motility at 1 h and sperm
membrane integrity. Similarly, signiﬁcant correlations between
post-thaw motility and T4 level [37], thyroid stimulating hormone
level [18]. Thyroid hormones inﬂuenced testicular function
directly by affecting on testis where its receptors are highly
expressed and indirectly by affecting gonadotropins [64].
In conclusion, except for testosterone and thyroid hormones,
all seminal plasma levels of cortisol, estradiol, insulin and IGF-1
were signiﬁcantly higher in good freezer stallion than poor
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freezer one. Seminal plasma mean leptin concentration was
signiﬁcantly lower in good freezer stallion than poor freezer one
indicated that hormones in seminal plasma and their association
with sperm post-thaw motility, viability and membrane integrity
could be used as biomarkers to predict the acceptability of
Arabian horse's semen for cryopreservation.
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[51] Altinsaat C, Üner AG, Sulu N, Ergün A. Seasonal variations in
serum concentrations of melatonin, testosterone, and progesterone
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