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Seminal plasma ascorbic acid level and its relationship to sperm
characteristics in Murrah buffalo bulls
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ABSTRACT

Ascorbic acid levels were investigated in the seminal plasma of Murrah buffalo bulls and its relation was investigated
with various parameters of sperm morphology. Semen samples were collected using bovine artificial vagina. Semen
volume, sperm concentration, initial motility, livability, sperm abnormality, hypo osmotic swelling, acrosomal integrity
and post thaw motility were assessed using standard procedures. Ascorbic acid contents in the seminal plasma were
estimated by reverse phase high performance liquid chromatography (RP-HPLC) procedure using UV detection at 254
nm. Bulls were divided into 3 categories depending on the extent of sperm abnormality. The mean + SEM values of
seminal plasma ascorbic acid (mg/ dl) were 4.81 + 0.08, 3.17 £ 0.09 and 1.79 + 0.05 in good, medium and poor groups
of Murrah buffalo bulls. The seminal plasma ascorbic acid differed significantly in all 3 groups. The seminal plasma
ascorbic acid level was positively correlated with spermatozoa with volume/ ejaculate (r2 = 0.710), conc./ ejaculate (r?
= 0.915), initial motility (r2 = 0.944), livability (r* = 0.933), acrosomal integrity (r2 = 0.955), HOS reactiveness (r> =
0.946) and post-thaw motility (r> = 0.906); whereas it was negatively correlated with sperm abnormality (r2 = —0.896).
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Ascorbic acid is thought to act as an excellent reducing
agent since it is also able to reduce catalytically active
transition metal ions and free radicals; thus it acts as anti
oxidant in the body (Buettner and Jurkiewicz 1991).
Moreover, ascorbic acid concentrations in seminal plasma
are also positively related to the percentage of
morphologically normal spermatozoa in man, and it was
suggested that ascorbic acid is a protective vitamin in the
epididymis. In buffalo bulls, the role of ascorbic acid was
studied by supplementing ascorbic acid (Singh et al. 1996,
Shukla and Mishra 2005) but there is no study on direct
estimation of ascorbic acid in seminal plasma and its
relationship with semen characteristics.Thus the present
investigation was done to evaluate the semen quality of
buffalo bulls in relation to the levels of seminal plasma
ascorbic acid.

MATERIALS AND METHODS

Animals, semen collection and evaluation: Semen samples
were collected from Murrah buffalo bulls (20) maintained at
Network Project on Buffalo, N. D. University of Agriculture
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and Technology, Kumarganj, Faizabad using a bovine
artificial vagina. Immediately after collection, the ejaculate
was placed in a 37° C water bath and the volume was
recorded. The percentage of progressively motile
spermatozoa was estimated by microscopic examination, and
a subjective assessment of the progressive status was
recorded according to Ax et al. (2000). Sperm concentration
was measured using standard hemocytometer methods, the
percentage of viable spermatozoa was estimated by viewing
200 spermatozoa under 400x magnification using eosin-
aniline blue staining (Ax et al. 2000).

Depending upon the sperm abnormality in tail region, the
buffalo bulls were divided into groups a, good; b, medium;
and c, poor. Bulls showing tail abnormality of less than 20%
were placed in the category of good bulls and those having
tail abnormality of 20 to 40% were categorized as medium;
whereas the bulls having tail abnormality more than 40%
were placed in poor group. Of the 20 bulls, 8 were of good
quality and 6 each in medium and poor groups.

Freezing and thawing: After initial evaluation, semen was
extended in Tris-fructose-yolk-glycerol diluter (Davis et al.
1963) at 35°C to an extent that each ml of diluted semen
contained 50 million motile spermatozoa. The diluted semen
was filled in 0.25 ml Mini French straws and kept into a
rack. The racks were then kept in the cold handling cabinet
at the 4°C for 4 h. Further, the rack along with straw was
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Table 1. Mean + SEM of various parameters of sperm morphology and seminal ascorbic acid contents in all
three group of Murrah buffalo bulls (N=90)

Parameter/ Animal Good (n=30) Medium (n=30) Poor (n=30)

Volume (ml) 4982 +0.4 3.09° +0.09 2.66¢+0.10

Total sperm /ejaculate (10°) 68172+ 179.1 47281 + 160.1 3756 ¢+ 110.1
Initial motility (%) 79.42+0.57 61.63° +1.17 31.00¢+1.38
Livability (%) 85.82+0.64 71.70° £ 1.0 40.27¢+1.31
Tail abnormality (%) 14.202 + 0.64 28.30° + 1.0 58.73¢+ 1.42
Acrosomal integrity (%) 90.402 +0.55 73.07° + 1.02 48.00¢+1.17
HOS reactive spermatozoa (%) 61.604 +0.47 36.20° +0.71 17.43¢+0.52
Post thaw motility (%) 54.502 +0.77 44.7%+0.57 19.53¢+0.78
Seminal plasma ascorbic acid (mg/ dl) 4.81* = 0.08 3.17° + 0.09 1.79¢ + 0.05

Values with different superscripts in a row differ significantly (P<0.05).

kept in liquid nitrogen vapours till the temperature of the
straws reached —100 to —120°C. At this temperature straws
were held for 9—-10 min and then plunged into liquid nitrogen
(=196°C) and stored for 24 h. After 24 h storage in liquid
nitrogen the straws were thawed at 37°C for 30 sec for post
thaw evaluation.

Preparation of seminal plasma for HPLC: For preparation
of seminal plasma, fresh semen was centrifuged at 5 000
rpm for 10 min. The supernatants were collected and re-
centrifuged at same rpm for 10 min to eliminate any cells.
Nine volumes of cold ethanol (-20°C) were added to the
seminal plasma and left with constant stirring for 90 min at
4°C to precipitate the proteins; and then centrifuged at
10 000 rpm for 10 min. The supernatants were collected and
stored at —20°C until a 20 ul aliquot was injected onto the
HPLC system.

HPLC system: The HPLC was performed on HPLC
system that comprised isocratic pumps and UV-VIS detector;
a theodyne injector (20 ul sample loop) and phenomenex
C18 column (5 um particle size). For data acquisition,
Winchrome software was used. The experiments were
performed in isocratic mode. The mobile phase consisted of
2.5% glacial acetic acid (HPLC grade) and 80% methanol
(HPLC grade) in HPLC grade water. The flow rate was
maintained at 1 ml/min and spectrophotometric detection at
254 nm was employed. The isocratic chromatographic system
was conditioned by passing the eluent through the column
until a stable base line was observed. Then, repeatable
retention times were obtained for three subsequent injections.

Statistical analysis: An independent t test was considered
to compare the scores of each of the measures and some of
the parameters data among the groups. The ANOVA model
was utilized for statistical analyses of elements concentration
between all groups. The Pearson correlation and linear
regression model was utilized to examine the relation
between seminal ascorbic acid and sperm parameters quality.
P <0.05 was considered statistically significant. Data were
analyzed using Graphpad Prism version 5.00 software.

RESULTS AND DISCUSSION

Mean + SEM of various parameters of sperm morphology
and seminal ascorbic acid contents in all 3 groups of Murrah
buffalo bulls are presented in Table 1.

All seminal characteristics like ejaculate volume, initial
and post-thaw motility, livability, sperm abnormality,
acrosomal integrity and HOS reactiveness of sperms differed
significantly (P<0.05) in all 3 groups of good, medium and
poor buffalo bulls.

The mean + SEM values of seminal plasma ascorbic acid
(mg/ dl) were 4.81 + 0.08, 3.17 + 0.09 and 1.79 = 0.05 in
good, medium and poor groups of Murrah buffalo bulls. The
seminal plasma ascorbic acid differed significantly (P<0.05)
in all 3 groups. The values of ascorbic acid in seminal plasma
were higher than that reported by Banerjee and Ganguly
(1973). This may be due the difference in sample preparation,
as in the present investigation, seminal plasma was purified.

The correlation coefficient (12, P<0.05) of seminal plasma
ascorbic acid content and various parameters of semen
characteristics are presented in Table 2.

The seminal plasma ascorbic acid level was significantly
positively correlated (P<0.05) with spermatozoa with
volume/ ejaculate (r2 = 0.710), conc/ ejaculate (r2 = 0.915),
initial motility (r2 = 0.944), livability (r2 = 0.933), acrosomal
integrity (r2 = 0.955), HOS reactiveness (r? = 0.946) and
post thaw motility (r2 = 0.906); whereas it was significantly
negatively correlated (P<0.05) with sperm abnormality (12 =
—-0.896).

The mechanism by which ascorbic acid in the seminal
plasma of poor bulls is depleted has not been fully elucidated.
It is possible that ascorbic acid deficiency in poor bulls may
be due to an increase in oxidative damage induced by reactive
oxygen species (ROS); as studies have indicated that seminal
oxidative stress is associated with sperm motility and sperm
quality (Abd-Almoaty et al. 2010). Thus, vitamin C
supplementation gave the best seminal parameter including
sperm concentration, sperm motility, progressive sperm
motility, and normal sperm morphology in rats (Sonmez et
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Table 2. Correlation coefficient (r2, P<0.05) of seminal plasma ascorbic acid levels with various parameters of
semen morphology (n=90)

Ascorbic  Volume/  Conc/ Initial ~ Livability Sperm Acrosomal HOS Post thaw
acid ejaculate ejaculate motility abnormality  integrity reactiveness motility
Ascorbic acid 0.710 0.915 0.944 0.933 -0.896 0.955 0.946 0.906
Volume/ ejaculate 0.710 0.861 0.630 0.618 —-0.565 0.645 0.637 0.593
Total sperm /ejaculate (10%  0.915 0.861 0.880 0.864 —0.782 0.897 0.852 0.792
Initial motility 0.944 0.630 0.880 0.995 -0.933 0.994 0.929 0.941
Livability 0.933 0.618 0.864 0.995 -0.937 0.989 0.914 0.949
Tail abnormality -0.896  -0.565 -0.782  -0.933 -0.937 -0.926 —-0.946 —-0.989
Acrosomal integrity 0.955 0.645 0.897 0.994 0.989 -0.926 0.935 0.934
HOS reactiveness 0.946 0.637 0.852 0.929 0.914 —-0.946 0.935 0.938
Post thaw motility 0.906 0.593 0.792 0.941 0.949 -0.989 0.934 0.938

al. 2005, Krishnamoorthy et al. 2007), in rabbits (Yousef et
al. 2005), in guinea pigs (Chinoy et al. 1986), in cows
(Phillips et al. 1941, Dalvit et al. 1998), in stallions (Ralston
et al. 1988), in rams (Fazeli et al. 2010).

Ascorbic acid is a strong antioxidant and decreases fatty
acid peroxidation in the cell membrane. Ascorbic acid
supplementation has been shown to decrease free radical
formation in human seminal plasma (Dawson et al. 1992)
and decrease the incidence of secondary sperm abnormalities
by reducing free radical formation (Sikka 1992). Ascorbic
acid is also involved in the synthesis of sex steroids such as
testosterone, and peptide hormones; hydroxylation of steroids
is especially vitamin C-dependent (Luck et al. 1995). Even
ascorbic acid supplementation improved the total sperm
output in rabbits during summer stress (El-Tohamy et al.
2012). These functions of ascorbic acid can help improve
sperm viability and normality in buffalo bulls, as found in
the present investigation.

Decrease of seminal plasma ascorbic acid is a risk factor
for low normal morphology of spermatozoa and idiopathic
male infertility. Measurement of seminal ascorbic acid in
the seminal plasma of males with a history of subfertility or
idiopathic infertility is necessary and can be helpful in fertility
assessment (Colager and Marzony 2009).

In conclusion, our findings suggested that buffalo bulls
with poor sperm characteristics have significantly low levels
of ascorbic acid in their seminal plasma than bulls with good
sperm characteristics. Association of seminal ascorbic acid
with normal morphology of sperm may indicate that the
decrease in seminal ascorbic acid content can be a risk factor
for sperm abnormality and infertility in bulls.
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