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SUMMARY

In this study, 81 ejaculates were collected from 23 Arabian stallions (3-
19 years old) to determine whether insulin was present in equine semen.
Each semen sample was evaluated for volume, pH, sperm motility,
sperm concentration, viability at 30°C and preservability in egg yolk-
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Tris extenders at 5°C. Insulin was quantified in seminal plasma by
immunoradiometric assay and the concentrations of glucose and total
protein were also determined. The results rcvealed presence of
appreciable levels of insulin in stallion seminal plasma, which varied
from 9.01 to 692.86 plU/mi. The age of stallion did not significantly
affect the concentrations of insulin and glucose in seminal plasma.
Semen samples containing the highest levels (52.61-692.86 uIU/ml) of
insulin had the maximum values of sperm motility (71.25% 3.49%),
viability index at 30°C (0.92+ 0.05), glucose (0.67£0.09 mg/m!) and
total protein (24.53+3.68mg/ml) concentrations in seminal plasma.
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INTRODUCTION

Spermatozoa rely primarily on extracellular substrates to meet
their energy requirements (Engle e/ al., 1975). Stallion semen possesses
a low level of fructose and an appreciable content of sorbitol and glucose
(Mann and Lutwak-Mann, 1981). Unlike spermatozoa from other
species, stallion sperm can not metabolize sorbitol and possess a limited
capacity to utilize fructose (Mann, 1964). Other exogenous substrates
such as glucose, lactic acid and amiro acids, could be utilized by stallion
sperm (Mann, 1964; Engle et al.. 1975).

Insulin is a normal constituent of human seminal plasma which is
detected to have the ability fo ragulate the metabolism of freshly
cjaculated spermatozoa (Hicks ef al., 1973; Bacceetti et al., 2002). Insulin
increases hexose utilization, oxygen uptake, pyruvate decarboxylation
and carbon dioxide production by sperm cells (Hicks ef ¢/., 1973).

Accordingly, the objectives of this study were 1) to determine
whether insulin was present in seminal plasma of stallions; 2) to
investigate the effect of stallion age on concentrations of insulin, glucose
and total protein in seminal plasma; and 3) to examine the impact of
seminal plasma insulin concentrations on the quality of stailion semen.

MATERIALS and METHODS

Unless otherwise stated, all chemicals used in this study were of
the highest availeble grade and were purchased from Sigma-Aldrich Co.,
Deisenhofen, Germeny. .

Throughout a one — year period, eighty — one semen gjaculates
were collected by means of CSU mwode! artificial vagina from twenty-
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three Arabian stallions (3-19 years old) belonging fo El-Zahra Arat
Horse Stud, Cairo, Egypl. At the time of collection (sarly in the moring
before offering the daily ration), an estrous mare was used as a mount
animal. Prewarmed collection bottles fitted with a nylon filier were used
for separation of gel from semen. Each animal was housed in a hygienic
separate pen and fed 2 to 4 kg of a balanced grain ration as well as S to 7
kg of barseem hay daily. Clinical examination of the external genitalia
and accessory organs of these animals showed no abnormality and
revealed their soundness.

Immediately after collection, semen samples were transferred to
the laboratory and kept in a water bath at 30 °C for evaluation of
ejaculate volume (gel and gel — free semen), pH of gel-free semen (pH
paper, range 6-14 with 0.30 grades) and sperm progressive motility in
one drop of gel-free semen under a phase-contrast microscope (400x)
equipped with a thermal stage at 37 °C. Also, sperm motility was
reassessed at hourly intervals after incubation of aliquots (2ml) of gel-
free semen at 30 °C for 4 hours. The viability index of incubated semen
was calculated from the following formula (Milovanov ef al., 1964):
§=3| Ax—— X ) T : s

[ 2 L Where S is the viability index, ¥ is & sign for the sum
total, A is the percentage of sperm motility, T is the time of next
determination of motility and R is the time of previous determination of
motility. The concentration of spermatozoa in gel-free semen was
estimated by direct cell count using the Thoma ruling of the improved
Neubauer haesmocytometer. The fotal number of progressive motile
sperm per ml of gel-free semen was calculated.

Following the initial evaluation, a 5ml aliquot of gel-free semen
wes centrifuged at 1000 x g for 10 minutes and the supernatant seminal
plasma was aspirated without disturbing the sperm pellet. The seminal
plasma was then centrifuged at 3000 x g for 15 minutes and aliquots of
the supernatant were stored at — 20 °C until determination of insulin.
glucose and total protein concentrations. Insulin was quantified in
seminal plasma using immunoradiometric assay kit (INSI — CTK IRMA,
DiaSorin, Italy) and the results were expressed in terms of pulU/ml. The
specificity (cross reactivity with horse insulin) and sensitivity of the
assay were 41.80 % and 0.30 p IU/ml at 95% confidence limit,
respectively. The precision of assay in terms of within — and between —
assay coefficient of variations (C.V.) were 2.60% and 4.70%,
respectively. The accuracy of assay in terms of recovery percentages
checked by the dilution (up to 1:16, 7.60 u IU/ml) and recovery (100.00
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u TU/ml added concentration) tests were 98.70% and 95.30%,
respectively. Glucose and total protein were determined in seminal
plasma using colorimetric metheds kits (Biodiagnostic, Egypt) and the
results were expressed in terms of mg/ml.

Within five minutes after collection, each semen sample was
prepared for short-term storage at 5 °C in the egg yolk — Tris diluent
(Samper, 1992) which was composzd of Tris (hydroxymethyl) amino
methane (2.40g), glucose (0.45g). citric acid monohydrate (1.25g), fresh
chicken egg yolk (22.00 ml), penicillin G sodium (100,000 TU),
streptomycin sulfate (100 mg), and glass-distilled water to 100 mi. In
brief, a 3 ml aliquot of gel-frec semen was diluted (1:1) at 30 °C with the
cgg yolk — Tris extender and centrifuged at 500 xg for 5 minutes. The
supsmatant was aspirated and sperm pellet was resuspended in 3 ml of a
prewarmed (30 °C) Tris — buffered solution which was composed of the
same ingredients and concentrations of the above mentioned diluent
without egg yolk, The sperm cell suspension was then diluted (1:1) at 30
°C with the egg yolk — Tris extender and incubated in the refrigerator at
5 °C for 72 hours. The number of progressively motile sperm per ml of
diluted semen was 50 to 250 x 1C° Sperm progressive motility was
assessed after dilution as well as after 6, 24, 48 and 72 hours of
incubation period and the viability index of incubated semen was
calculated as previously described for freshly cjaculated semen,

Statistical analysis of the results was camied out according to
Snedecor and Cochran (1980). The variations among semen parameters
due to age of stallion and the conceritration of insulin in seminal plasma
were examined by the Student’s test (i-test) at 1% and 5% levels of
probability. Also, linear correlation coefficients were carried out to
clarify the relationships between insulin concentrations in seminal
plasma and some physico-chemical characteristics of stallion semen.

RESULTS

The overall mean concentrations of insulin, glucose and total
protein in seminal plasma of stallions were 38.04 £ 8.72 u TU/ml (C.V. =
206.31%) , 0.56  0.04 mg/ml (C.V. = 67.76%) and 15.03 £ 1.55 mg/ml
(C.V. = 75.78%), respectively. The maximum values of insulin, glucose
and total protein were 692.86 u IU/ml, 2.49 mg /ml and 45.88 mg/ml,
respectively. The corresponding minimum values were 9.01 p TU/ml,
0.14 mng/m! and 0.62 mg/ml, respectively.
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As indicated in Table 1, seminal plasma of stallions aged 11 to
19 years was characterized by presence of non-significant higher levels
of insulin, glucose and insulin per mg glucose as well as a significant
{P< 0.01) greater concentration of total protein than that in seminal
plasma of stallions aged 3 to 10 years. On the contrary, the concentration
of insulin per mg protein in seminal plasma was significantly (P< 0.05)
decreased by increasing the age of stallion. The mean concentrations of
insulin / mg protein for 3-10 and 11-19 years old stallions were 6.09 =
1.35 and 3.14 £ 0.51, respectively.

Table 1: Effect of age on concentrations of insulin, glucose and total
protein in stallion seminal plasma.

Stallion age Insulin Glucose wlU Total WIU Insulin
(years) (uIU/mi) | (mg/ml) | insulinper | protein permg
mge glucose | (mg/ ml) protein
3-10 . 25.18+ 0.50% 5231+ 855+ 6.09+135°
(n=28) 3.70 0.04 6.68 1614
11-19 4567+ | 059+ 65.04= | 17.52% | 3.14=051°
(n=353" 12.93 0.05 10.04 1.92°

Means = SEM with dissimilar superseripts in the same column are significantly
different at P<0.01 for letters A, B and at P'<0.05 fqr. letters a, b.
n = Number of ejaculates obtained from 11 and 12 staliions.

Frequency distribution of insulin concentrations in seminal
plasma revealed that 44.44%, 40.74% and 14.82 % of semen cjaculates
fell in the ranges of 9.01 — 19.96, 20.02 — 49.27 and 52.61 — 692.86 plU
/ml, respectively. A significant (P<0.01) difference was detected
between means of these concentration ranges (Table 2).

The overall means of gel volume, gel-free semen volume, pH,
sperm motility, sperm conecentration and number of motile sperm per ml
of semen were 4.12 £ 0.57 ml, 25.10 £ 4.00 ml, 7.46 % 0.04, 58.49 =
3.66%, 372.82 + 43.58 x 10% ml and 232.11 + 33.89 x 10°, respectively.

As can be seen {rom Table 2, increasing the concentrations of
insulin and protein in seminal plasma was associated with a significant
(P=<0.01) augmentation in the concentrations of insulin / mg glucose as
well as a pronounced improvement in sperm motility percentages and
viability indices at 30 °C. The maximum vaiues of sperm motility (71.25
+ 3,49%), viability index at 30 °C (0.92 = 0.05), motile sperm / ml

257.87 £ 39.06 x 106), glucose concentration / ml (0.67 = 6.09 mg),
insulin concentration / mg glucose (172.68 + 53.93 uIU) and protein
conceniration /ml (24.53 = 3.68 mg) were recorded for semen sampies
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which contained the highest levels (52.61 — 692.86¢ ulU/ml) of insulin in
seminal plasma. On the other hand, rone of the other semen parameters
including volume, pH, viability index at 5 °C, sperm concentration and
insulin concentration / mg protein 'were significantly affected by the
variation of insulin concentrations among semen samples.

Table 2: Influence of seminal plasma insulin on the quality of stallion

Semen.
Insulin concentrations (uiU / ml)
Semen 901 -1996 | 20.02-4927 | 52.61 —692.86
Parameters 12.88 £ 0.46" | 3228+ 1.32° | 127.34+52.61°
@=36) n=33) n=12)
Volume of gel (mi) 475+ 1.21 4.43+0.95 3.53 = 0.55
Volume of gel-free (ml) | 24.04+3.02 | 30.70=4.81 | 23.25=4.17
oH | 7.53+0.07 7.39 £0.04 7.4720.02
Motility (%) | 4547+4.54° [ 58.75+2.94° | 71.25+3.49°

|

Viability index (30°C) = 0.56 = 0.07° 0.82 = 0.08"™ 0.92 £0.05° |

Viabiiity index(5°C) | 44.17+£4.69 | 4424 +4.01 45.09 £4.26

Conceniration (x10° /ml) | 390.13 £40.67 | 366.26 + 39.72 | 362.08 + 50.34

Motile sperm (x 10°/mi) | 196.04 = 31.70 | 242.43 +30.90 | 257.87 +39.06

Glucose {mg / ml) 0.51=0.04 . 0.58+0.07 0.67 £ 0.09
wlU insulin / mg glucose | 32.30+2.84° | 61.84+3.81° | 172.68 = 53.93" |
Protein(mg / mi) 10.73+247° | 1513187 | 24.53 +3.68°

wiU insulin / mg protein | 3.74=0.94 | 3.35+0.64 541 +1.43

Means = SEM in the same row with dissimilar letters are significantly different at
P<0.01 fora ~c, ¢ —d, a—d and at P<0.05 fora — b, b--¢, ab — ¢, 2 — b¢. (n = number
of ejacuiates).

Computation of correlation coefficients disclosed significant
(P<0.01) positive relationships be‘ween insulin concentrations in
seminal plasma and each of sperm muotility percentages (r = + 0.53) and
glucose concentrations in seminal plasma (r =+ 0.52). Also. therc was a
significant (P<0.01) positive correletion coefficient (r = + 0.74)
between the concentrations of insulin / mg glucose in seminal plasma
and sperm motility percentages. However, low but significant (P<0.05)
positive correlation coefficients were obtained between sperm motility
percentages and each of protein (r = + 0.27) and glucose (r = + 0.36)
concentrations in seminal plasma. With the exception of protein
concentrations in seminal plasma (r = + 0.57; P< 0.01), none of the
remainder semen parameters correlated significantly with the
concentrations of insulin in seminal plasma.
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DISCUSSION

The data presented herein declared. for first time, the presence of
significant levels of insulin in equine semen. The mean insulin
concentration (38.04 = 8.72 plIU/ ml) in stallion seminal plasma was
higher than that (19.20 + 2.70 uIU / ml) found in human seminal plasma
(Hicks ez al., 1973). Decidedly. the significant positive relationships that
were observed in the current study between sperm motility and each of
msulin and glucose concentrations in seminal plasma might, in part,
reflect the importance of this hormone for initiation and regulation of
sperm metabolic activity. For instance, increasing the availability of
insulin per mg glucose from 32.30 + 2.84 t0 61.84 = 3.81 and 172.68 +
53.93 ulU was accompanied by a remarkable amelioration in sperm
motility percentages from 45.47 + 4.54 to 58.75 + 2.94 and 7125 =
3.49%, respectively. Concomitantly, the number of motile spermatozoa
per ml of gel-frec semen was also increased from 196.04 + 31.70 to
24243 + 30.90 and 257.87 £ 39.06 % 10°% respectively. In agreement
with our findings, Younis ef al (1998) detected a significant
improvement in sperm motility after supplementation of chimpanzee
semen with insulin. However, in human semen, Paz ef al. (1977) and
Makler et al. (1980) ruled out the role of insufin in regulation of sperm
kincmatic activity.

The insignificant dependence of seminal plasma insulin and
glucose on age of stallion might point out the necessary need of
gjaculated sperm cells at all ages for satisfactory levels of insulin and
glucose capable of initiating their progressive motility.

Considering insulin as an important factor in the regulation of
carbohydrate metabolism (Baccetti ef al., 2002), the favourable influence
of insulin on sperm motility might be attributed to its ability to bind with
specific receptors on sperm plasma membrane, increase fusion of
glucose transport proteins with plasma membrane and, in turn, facilitate
influx of glucose, amino acids, potassium ions and phosphate ions into
sperm celis (Hicks et al., 1973; Guyton and Hall, 1996). Likewise, it was
claimed that insulin was capable of stimulating oxygen uptake, pyruvate
utilization and carbon dioxide production by sperm cells (Hicks ez af.,
1973) as well as increasing the initial phosphorylation of intracellular
glucose by activating a local protein kinase which in turn caused
phosphorylation and activation of glucokinase, a key enzyme that
invoived in stimulation of the pentose shunt and Krebs cycle (Guyton
and Hall, 1996). Also, it was speculated that insulin had a specific effect
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on sperm cell metabolism through astivation of intracellular pyruvate
dehydrogenase and citrate-synthase (Hicks et al.. 1973).

Concerning sperm viability, it was evident from our date that
maintenance of sperm motility over the incubation periods was
dependent on presence or absence of seminal plasme and its
constituents. Increasing the concentrations of insulin and total protein in
seminal plasma was associated with a stepwise augmentation in the
viability indices of whole semen at 30°C. However, after centrifugation
and removal most of seminal plasma (~99%). the viability indices of
stored spermatozoa at 5 °C were not significantly influenced by the
variation in insulin concenirations among semen samples.

Since there were significan: positive relationships between
protein concentrations in seminal plasma and each of insulin
concentrations and sperm motility percentages, il seems that seminal
plasma may contain a glucose tolerance factor, such a protein bound
trivalent chromium, which is responsible for strengthening of insulin
action on living cells (Tietz, 1986). n fact, the latter assumption may
highlight the significance for existence of an expedient level of seminal
plasma during preservation of stallion semen (Braun ef al., 1994). It was
observed that the motility of chilled-stored epididymal and ¢jaculated
stallion spermatozoa was significantly better maintained in samples
contairning 25% versus 0% seminal plasma (Braun et al., 1994).

In the present study the overall mean concentration of total
protein (15.03 £ 1.55 mg/ml) in seminal plasma was nearly comparable
to that (14.74 = 0.03 mg / ml) reporied by Sakran (1996). Morcover, in
accordance with our results, the laiter author detected a significant
augmentation in the concentration of total protein in seminal plasma by
advancing the age of stallion.

Tt is worthy to note although insulin has been identified as a
protein hormone (Guyton and Hall, 1996), the clear increase in seminal
plasma protein concentrations of stallions aged 11 to 19 years was not
associated with an increase in insulin concentrations since at this age,
there was a significant reduction in the concentration of insulin per mg
protein of seminal plasma. Consecuently, the variability in insulin
concentrations among semen samples might be ascribed rather for
individuality or season than for age of stallion.

In conclusion, seminal plasmea of Arabian stallions possessed an
appreciable level of insulin. The closc associations between insulin,
glucoss, fotal protein, sperm motility and viability may suggest the
pivotal role of this hormone in regulation of sperm metabolism. Further
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tescarch will be prerequisite to 1) investigate the effeet of individuality
and scasons on the concentrations of insulin in stallion seminal plasma;
2) characterize the source of insulin within stallion reproductive tract; 3)
verify presence of insudin receptors on sperm plasma membrane as well
as presence of chromium (a glucose tolerance factor) in stallion seminal
plasma; 4) explore the influence of endogenous and exogenous insulin
on sperm metabolism; and 5) study the effect of in vitro provision of
semen extenders with insulin on preservability of stallion spermatozoa.
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