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ABSTRACT

The study was conducted to evaluate the effect of adding caffeine in Tris egg yolk citrate glycerol (TEYCG) extender on critical quality
parameters of cryopreserved Surti buck semen. Four mature Surti bucks (aged >1 year) were selected. Total 64 ejaculates were collected
@ 2 ejaculates per week/buck over eight weeks period. At every collection, ejaculates of all 4 bucks were pooled and divided into four
equal aliquots, diluted with TEYCG extender (having 100 x106 sperms/mL), added with caffeine as 0 mM (T1, control), 1 mM (T2), 3 mM
(T3) and 5 mM (T4) in the four aliquots, respectively, and were cryopreserved and stored for 24 h in LN,. Individual sperm motility,
viability, morphology and functional membrane integrity of sperms were evaluated at initial, pre-freeze (after equilibration for about 4
h at 4°C) and post-thaw stages. Individual matility, viability, morphologically normal and HOST-reacted sperms decreased significantly
(p<0.01) with successive phases of storage. At initial, pre-freeze and post-thaw stage, normal and HOST reacted sperms as well as at
pre-freeze and post-thaw stage individual motility and viability were significantly (p<0.01) higher in T2 followed by T3 group than the
other groups. It was thus concluded that caffeine supplementation in TEYCG extender has beneficial effect on sperm quality parameters
particularly at 1 mM followed by 3 mM as compared to higher (5 mM) caffeine concentration or non-added control.
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INTRODUCTION

Goats are commonly referred as “poor man’s cow” (MacHugh
and Bradley, 2001). With goat population of 148.88 million
(20" Livestock Census, 2019), its husbandry is integral to
livestock industry in India. Its contribution in terms of milk,
meat and fibre production has huge socio-economic impact.
Due to surge in demand for various goat products, it is vital
to maximize reproduction efficiency that invariably depends
on successful conception. Since, artificial insemination is
indispensable for improving genetic gain, successful semen
cryopreservation is critical for maintaining semen quality using
cryoprotectant and antioxidants. Cryoprotectant reduces
detrimental effects of freezing but still sperm membrane
is vulnerable to reactive oxygen species that may decrease
sperm quality especially by lipid peroxidation (Lenzi et al.,
2002; Bucak et al., 2007). Endogenous antioxidant defense can
be augmented using exogenous antioxidants such as caffeine
(1,3,7-Trimethylxanthine), which is a member of methylxanthine
group with antioxidant and antiradical characteristics (Yashin et
al., 2013). Considering Surti goats native to south Gujarat, and
the need to preserve critical semen quality parameters while
cryopreservation, this study was planned to evaluate the effect
of adding caffeine to tris extender on critical quality parameters
of cryopreserved Surti buck semen.

MATERIALS AND METHODS
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Gynaecology and Obstetrics, College of Veterinary science

'Department of Veterinary Gynaecology and Obstetrics, College of
Veterinary Science and Animal Husbandry, Kamdhenu University,
Navsari-396450, Gujarat, India

2Department of Veterinary Physiology and Biochemistry, College of
Veterinary Science and Animal Husbandry, Kamdhenu University,
Navsari-396450, Gujarat, India

Corresponding Author:DarshitaV.Bhut, Department of Veterinary
Gynaecology and Obstetrics, College of Veterinary Science and
Animal Husbandry, Kamdhenu University, Navsari-396450, Gujarat,
India, e-mail: drdarshitabhut28@gmail.com.

How to cite this article: Bhut, D. V., Khasatiya, C. T., & Singh, V. K.
(2024). Effect of Adding Caffeine in Tris Extender on Critical Quality
Parameters of Cryopreserved Surti Buck Semen. Ind J Vet Sci and
Biotech. 20(4), 84-88.

Source of support: Nil

Conflict of interest: Authors don't have any conflict of interest.
Submitted 11/03/2024 Accepted 25/04/2024 Published 10/07/2024

and Animal Husbandry, Kamdhenu University, Navsari
(Gujarat, India). Navsari district is located in coastal region
of south Gujarat having latitude and longitude at 20°57' to
20°95" North and 72°56’ to 72°93’ East, respectively, with
an elevation of 9 meters above sea level. Four apparently
healthy Surti bucks of age greater than one year were
selected for the study from All India Coordinated Research
Project (AICRP-Goat) at Livestock Farm Complex of
Kamdhenu University, Navsari. The selected bucks were
dewormed and vaccinated for Foot and Mouth Disease and
Peste des Petits Ruminants.
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The bucks after being selected for study were trained
for 45 days using dummy does for ejaculating in artificial
vaginas (AVs) of about 8-inch size and applied with lubricating
K-Y jelly (Johnson & Johnson, France) at the front opening.
Each buck ejaculated aseptically in different AVs that were
jacketed along with tube to avoid thermal shock to sperms.
AVs were maintained at optimum temperature (40-42°C)
and pressure. A total of 64 semen ejaculates were collected
at twice a week interval from all the four bucks over eight
weeks period. Ejaculates were screened and only those
having greater than 70% motility were further selected for
pooling. The pooled semen of all 4 bucks was extended with
tris egg yolk citrate glycerol extender for final concentration
of sperm at 100 x 10%/mL. Ingredients like Tris (2.42 g),
Citric acid (1.34 g), Fructose (1.00 g), Streptomycin (0.10 g),
Penicillin (1 lakh 1U) were dissolved in 80 mL Milli-Q Water
at pH of 6.8-7.0. The egg yolk (10 %) and glycerol (6%) were
mixed thoroughly. Extended semen was divided into four
equal aliquots and caffeine (Loba Chemical Pvt. Ltd, India)
was added @ 0, 1, 3 and 5 mM in aliquot T1 (Control), T2, T3
and T4, respectively. The extended aliquots were filled and
sealed in French straws and cryopreserved in LN, vapour
after 4 h of equilibration at 4°C using standard protocol and
stored for 24 h. At initial, pre-freeze (after equilibration) and
post-thaw stages critical quality parameters of semen such as
individual sperm motility, sperm viability, sperm morphology
and functional membrane integrity (hypo-osmotic swelling
test, HOST) were evaluated.

Descriptive statistical analysis was done to obtain mean
+ SE of different parameters at different stages. One way
ANOVA along with DNMRT as post-hoc test was conducted
to compare means and observe differences at 5% level of
significance (Snedecor and Cochran, 1994).

ResuLts AND Discussion

Results of individual sperm motility, sperm viability, sperm
morphology and functional membrane integrity (at initial,
pre-freeze and post-thaw) of Surti buck semen supplemented
with different concentrations of caffeine to the TEYCG
extender are presented in Table 1, 2, 3 and 4, respectively.

Individual Sperm Motility

Mean individual sperm motility percent differed non-
significantly (p>0.05) at initial stage between groups, but
after equilibration and post-thawing it was significantly
higher (p<0.01) in T2 (1 mM Caffeine) as compared to other
groups. A significant (p<0.05) decreasing trend was observed
in sperm motility from initial to post-thaw stage (Table 1).
Significantly higher individual sperm motility was
observed at pre-freeze and post-thaw stage with 1 mM (T2)
caffeine followed by 3 mM (T3) over 5 mM (T4) and control
extender (T1). Scientific literature was not adequately available
to compare with similar concentration of caffeine in TEYC for
buck semen. However as reported by Agarwal et al. (2010), 7
mM caffeine treated Sirohi buck semen showed progressive
motility non-significantly (p>0.05) higher after dilution and
equilibration, and significantly (p<0.05) higher after thawing
compared to control group. Similarly, overall mean sperm
motility differed non-significantly after equilibration and was
significantly (p<0.01) higher at 16 h post-thaw in Beetal and
Sirohi goat semen with tris extender supplemented with 2
mM caffeine (Goswami et al,, 2021). Caffeine supplementation
has also shown significant beneficial effects on cryopreseved
semen of different species of animals, viz.,, ram spermatozoa
with 4 mM of caffeine (Spalekova et al., 2014), buffalo sperm
at T mM and 4 mM caffeine in EYTG (Singh and Raina, 2000;
Shukla and Misra, 2014), and 1 mM caffeine in AndroMed®
(Chavda et al., 2022), and in HF and HFxHariana bull semen
at 0.54 mM caffeine in tris egg yolk extender (Srivastava and
Kumar, 2014). Beneficial effects either dose-dependent or
species-specific, can be explained by the fact that caffeine
is a cyclic phosphodiesterase inhibitor that markedly
increase and maintain respiration and motility of ejaculated
bovine spermatozoa (Garbers et al.,, 1971). Inhibition of
phosphodiesterase increases intracellular adenosine
monophosphate leading to increased sperm motility.

Sperm Viability

Mean live sperm percent differed non-significantly (p>0.05)
atinitial stage between the groups, while after equilibration
and post-thaw stage, the mean values were significantly
(p<0.01) higherin T2 group (1 mM caffeine) followed by T3 (3
mM caffeine) as compared to other groups with a significant
decreasing pattern from initial, pre-freeze to post-thaw stage

Table 1: Effect of different concentration of caffeine on individual sperm motility of cryopreserved Surti buck semen (n=16, Mean #* SE)

Groups (caffeine

Individual sperm motility (%)

concentration) Initial Pre-freeze Post-thaw Falue Pvalue
T1 (0 mM) 80.63%,+1.76 51.88°,+1.64 30.009+1.29 259.67** 0.00
T2 (1 mM) 82.81%,£1.29 63.44° +1.56 54.69°+1.91 80.29%* 0.00
T3 (3 mM) 81.56%,%1.27 62.19°+2.37 4375 +2.30 85.54%* 0.00
T4 (5 mM) 81.25%,%£1.40 55.31°,£2.35 36.88,+2.09 125.90%* 0.00
F value 0.41 7.52%* 29.62%* - -

P value 0.75 0.00 0.00 -- --

Mean values with different superscript (a-d) within a column and those with subscript (w-z) within the row differ significantly at p<0.01.
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in all groups (Table 2). Variation in percent dead sperms
showed trend opposite to that of live sperm percent at pre-
freeze and post-thaw phase in different groups, and it being
a fraction of 100, data is not depicted here.

Significantly (p<0.01) higher mean live sperm percent
was observed with T mM (T2) followed by 3 mM (T3) caffeine
as compared to 5 mM (T4) and control (T1) groups at pre-
freeze and post-thaw stages in Surti buck semen. The trend
of live sperm was same immediately on dilution but the
differences were non-significant between groups. In other
studies, mean live spermatozoa was significantly (p<0.05)
higher after dilution, equilibration and post-thaw stage with
7 mM caffeine in Sirohi buck semen (Agarwal et al.,, 2010) and
with 2 mM caffeine in Beetal and Sirohi goat semen only at
post-thaw stage (Goswami et al., 2021). Significantly (p<0.05)
higher post-thaw sperm viability percent with 1 mM caffeine
in EYTG compared to 3 mM, 5 mM caffeine and control group
in Murrah buffalo bulls (Shukla and Misra, 2014) and with 1
mM and 3 mM caffeine in Andromed® extender in Jaffarabadi
bull semen (Chavda et al., 2022) has also been reported.

Other similar findings include significantly (p<0.01)
improved post-thaw sperm viability in 1 mM caffeine
concentration in soybean lecithin extender for Ghezel ram
semen (Jenegrad et al,, 2018), with 4 mM caffeine in tris buffer
egg yolk extender in buffalo bull semen (Singh and Raina,
2000) and with 0.54 mM caffeine in tris egg yolk extender in

Holstein Friesian (HF) and HFxHariana bull semen (Srivastava
and Kumar, 2014). Cryopreservation of spermatozoa alters
the structure and functions of cell membrane due to lipid
peroxidation. This alteration decreases sperm viability as well
as fertility and eventually results in sperm death. Caffeine
increases intracellular cAMP level that may decrease number
of apoptotic and dead/necrotic sperms.

Sperm Morphology

Mean normal/abnormal sperm percent differed significantly
(p<0.01) between groups at all intervals of cryopreservation
process. Abnormal sperm percent was significantly (p<0.01)
lower in 1 mM (T2) group than all other groups at all three
stages, and also increased significantly from the initial to post-
thaw stage in all the treatment groups (Table 3). Reverse trend
was observed in mean normal sperm percent in different
groups, being a fraction of 100.

The results could not be compared due to lack of relevant
studies of Surti buck semen. However, there are reports of
decrease in percentage of morphological abnormalities
and significantly (p<0.01) lower percentage of post-thaw
sperm abnormality with 2 mM followed by 1 mM, 0.5
mM and 4 mM caffeine concentration in soybean lecithin
extender as compared to control group in Ghezal ram
semen (Jenagrad et al., 2018); decreased morphologically
abnormal sperm percent in 0.1 mM than in 0.2 mM, 0.3 mM

Table 2: Effect of different concentrations of caffeine on live sperm (%) of cryopreserved Surti buck semen (n=16, Mean % SE)

Groups (caffeine

Live sperm (%)

. F value P value
concentration) Initial Pre-freeze Post-thaw
T1 (0 mM) 83.06°,+1.64 53.94°+1.71 35.56cyi1 27 237.69%* 0.00
T2 (1 mM) 86.00°,£1.11 68.06°, +1.40 50.69ayi-0.96 74.49%* 0.00
T3 (3 mM) 83.56awi1 .08 65.693bX12.02 48.25byi2.46 68.21** 0.00
T4 (5 mM) 83.31%,+1.67 60.38bX12.62 40.1 3Cyi1 77 105.12** 0.00
F value 0.94 9.95%* 16.93** - -
P value 0.43 0.00 0.00 - -
Mean values with different superscript (a-d) within a column and those with subscript (w-z) within the row differ significantly at p<0.01.
Table 3: Effect of concentrations of caffeine on abnormal sperm (%) of cryopreserved Surti buck semen (n=16, Mean % SE)
Groups (caffeine Abnormal sperm (%)
. F value P value
concentration) Initial Pre-freeze Post-thaw
T1 (0 mM) 9.56ay10.47 13.63%,+0.79 17.38%,+0.75 32.58** 0.00
T2 (1 mM) 4.31Cyi0.31 8.88%,+£0.40 13.19bwi0.56 103.05** 0.00
T3 (3 mM) 6.50°+0.37 9.69%,+0.37 14.50°,,+0.65 69.75** 0.00
T4 (5 mM) 7.13°,+0.38 11.31°,+0.58 15.00°,+0.73 53.06** 0.00
F value 31.73** 13.93** 6.64* - -
P value 0.00 0.00 0.01 - -

Mean values with different superscript (a-d) within a column and those with subscript (w-z) within the row differ significantly at p<0.01.
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Table 4: Effect of different concentrations caffeine on HOST reacted spermatozoa (%) of cryopreserved Surti buck semen (n=16, Mean * SE)

Groups (caffeine

HOST reacted sperm (%)

. F value P value

concentration) Initial Pre-freeze Post-thaw

T1(0 mM) 78.06°,,+0.96 66.94° +£1.20 56.75%+1.24 87.32%* 0.00
T2 (1 mM) 81.38%,+0.81 711324114 60.19°+1.33 90.02%* 0.00
T3 (3 mM) 79.31% +1.02 68.44% +1.07 58.00°,+1.26 90.32** 0.00
T4 (5 mM) 78.19°,,+0.99 67.00°,£0.94 57.13%,+1.13 106.87** 0.00
F value 2.62* 3.22* 1.54 - -

P value 0.05 0.03 0.21 - -

Mean values with different superscript (a-d) within a column and those with subscript (w-z) within the row differ significantly at p<0.01.

and 0.4 mM caffeine concentration added in the tris-citric
egg yolk extender group and control group in Barki ram
(Abd El-Hamid, 2019), with 1 mM than with 3 mM or 5 mM
caffeinein tris egg yolk glycerol extender at post-freeze stage
in Murrah breed (Shukla and Misra, 2014) and in AndroMed®
extender in Jaffarabadi breed (Chavda et al., 2022). Primary
abnormalities occur during spermatogenesis that can’t be
changed in the ejaculated semen. Secondary abnormalities
occurring during handling of the semen, agitation and
examination of different parameters due to degenerative
changes in the semen might be the cause of reduction
observed in secondary abnormalities especially on bent tail
and on free head.

Functional Plasma Membrane Integrity (%)

The mean HOST reacted sperm percent differed significantly
between groups at different stages of cryopreservation
process. HOST reacted sperm percentage was significantly
(p<0.01) higher in 1 mM (T2) group as compared to other
groups with a significant decreasing pattern from initial to
post-thaw stage under all treatments (Table 4). Reverse trend
was observed for mean HOST non-reacted sperm percent in
different groups being fraction of 100.

The highest mean HOST reacted sperm percent observed
with T mM as compared to other groups at various phases
was in agreement with the significantly (p<0.01) higher values
reported with 2 mM caffeine in tris extender in Beetal and
Sirohi goat semen (Goswami et al., 2021) and 0.1 mM followed
by 0.2 mM, 0.3 mM and 0.4 mM caffeine concentration and
control group in Barki ram spermatozoa (El-Hamid, 2019),
with 0.5 mM followed by 1 mM, 2 mM and 4 mM caffeine
concentration in extender than control group in Ghezel ram
semen (Jenagrad et al., 2018), with 0.54 mM caffeine in tris egg
yolk extender as compared to control in HF and HFx Hariana
bull semen (Srivastava and Kumar, 2014) and with 1 mMthan 3
mM, 5 mM caffeine and control group in tris egg yolk glycerol
extender in Murrah buffalo (Shukla and Misra, 2014). Further,
Chavda et al. (2022) in their study on Jaffarabadi buffalo bull
semen also showed significantly (p<0.05) higher mean HOST
reacted sperm percent at pre-freeze and post-thaw stages

in extender supplemented with 1 mM and 3 mM than 5 mM
caffeine and control group.

Oxidative damages especially lipid peroxidation leads
to sperm membrane damage. Caffeine as an antioxidant
in extender may alleviate the oxidative stress and help in
protecting the sperm membrane. This might be the reason
of preservation of functional membrane integrity and higher
percent of HOST-reacted sperms. Variable effect on motility,
viability, morphology and functional plasma membrane
integrity of the caffeine observed in the literature, might
be due to species variation; preservation protocol; various
extenders and concentration of caffeine used by various
different research workers in different studies. Apparently,
1 mM seems to be the optimum caffeine concentration
in TEYCG for maximum preservation of semen quality
parameters during cryopreservation. In this study, it was
observed that at higher caffeine concentrations, i.e. 3 mM
and 5 mM the benefits were more than control, but less
than 1 mM indicating some sort of detrimental effects of
very high caffeine levels, the reasons need to be explored
in future studies.

CONCLUSION

Caffeine supplementation in TEYCG extender has beneficial
effect on motility, viability, morphology and functional
plasma membrane integrity of buck sperm, which is best at
1 mM followed by 3 mM as compared to either control or 5
mM caffeine concentration.
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