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  INTRODUCTION 
India has 148.88 million goats with 38 recognized goat 
breeds that are well adapted to different agro-climatic re-
gions of this country. The unique characteristic of the goat 
is to produce on minimum available feed resources under 
extreme environmental conditions which make it suitable 
for domestication (Gama and Bressan, 2011). There is a 
scarcity of quality breeding bucks due to the early castra-
tion and slaughter of male goats for meat purpose. The de-
script goat population (33%) is very less compared to non-
descript and non-productive goats (67%) (Acharya, 1987). 

We need 2 million bucks to cover 85 million breedable 
does for natural breeding as compared to only 50000 bucks 
needed for frozen semen AI technology in India. AI is an 
effective tool in crossbreeding programs of non-descript 
indigenous goats with superior germplasm to enhance pro-
ductivity in India (Leboeuf et al. 2000; Rahman et al. 
2008). In our country goats are mostly reared by small, 
marginal and landless farmers, with a flock size of 3-5 
goats so it is economically unviable to keep a breeding 
buck for a small flock (Acharya, 1987). Thus, the females 
are bred by nondescript males resulting in the loss of pre-
cious germplasm of this region. Therefore, the preservation 

 

Artificial Insemination (AI) in goats is less developed compared to the large animals due to the lack of suit-
able protocol of goat semen freezing and AI in India. The AI plays a pivotal role in the long-term ex-situ in 
vitro conservation of threatened breeds, increased productivity, and performance of a large number of non-
descript and low potential goats. The objective of the present study was to enhance the life and fertility po-
tential of cryopreserved semen and consequently the conception rate through frozen semen AI by the addi-
tion of catalase in an extender. Ejaculates (30) were collected and were extended with tris-citric acid-
fructose diluent. Catalases were added in diluent (0 IU/mL, 200 IU/mL, 400 IU/mL, 600 IU/mL, 800 
IU/mL and 1000 IU/mL). Analysis of data using SPSS 16 revealed that motility, live sperm count, acro-
somal integrity, and hypo-osmotic swelling positive spermatozoa were counted differed significantly 
(P<0.05) at different concentrations of catalase. The post-thaw motility, live sperm count, acrosomal integ-
rity, and hypo-osmotic swelling positive spermatozoa were significantly (P<0.05) highest in 800 U/mL of 
catalase used in the present study. Mitochondrial membrane potential was also significantly highest 
(P<0.05) in frozen semen in 800 IU/mL catalase. Goats (20) were inseminated with frozen semen straw of 
800 IU/mL catalase and 8 goats (40%) were pregnant. The conception rate in the control group was 35%. 
Our study suggested that the addition of catalase reduced the detrimental effects of freezing on motility, 
viability, plasma membrane and acrosome integrity and can be used for routine semen freezing and AI.  
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of superior germplasm is important to sustain the unique 
qualities of the breed and to prevent the dilution of valuable 
germplasm by indiscriminate mating. This can be achieved 
by adopting AI which allows faster transmission of genetic 
merit. The practice of AI is gaining momentum in goat 
farming sector for genetic upgradation of local non-descript 
goat population to fulfill the hunger and health needs of the 
increasing human population.  

Cooling of spermatozoa depresses spermatozoal meta-
bolic rate to prolong sperm survival. Cooled semen has low 
motility and morphological integrity and declined survival 
ability in the female reproductive tract compared to fresh 
semen. Reactive oxygen species (ROS) is the main culprit 
behind these damages that leads to oxidative stress further 
resulting in increased rates of lipid peroxidation and conse-
quent loss of sperm motility during long-term storage 
(Aitken, 2017). Various additives have been added to ex-
tenders to maintain motility and fertilizing capacity and to 
preserve the integrity of the sperm membrane (Saraswat et 
al. 2012; Ranjan et al. 2017). Mostly, these protectants pos-
sess antioxidant activity and either reduce the process of 
oxidation (Pietta, 2000) or regulate, suppress or prevent the 
formation of ROS (Maneesh and Jayalekshmi, 2006). The 
addition of catalase as an antioxidant into semen extenders 
improved semen quality in ram (Gungor et al. 2018), bo-
vine (Bilodeau et al. 2002), equine (Baumber et al. 2002). 
However, few reports are available on the effect of ROS on 
goat sperm in addition to cryoinjuries encounters lethal 
interactive losses.  

Freezing and thawing of buck semen cause changes in 
sperm motility, morphology including damage to mito-
chondria, plasma membrane, and acrosome intactness 
thereby, reducing the fertilizing ability of spermatozoa. 
Freezing and thawing resulted in structural change in 
plasma membrane permeability and damage of mitochon-
dria (Kadirvel et al. 2012). The mitochondrial membrane 
potential (MMP), responsible for ATP production, is indis-
pensable for the flagellar beat and sperm motility (Flesch 
and Gadella, 2000). Insemination with frozen semen has 
improved reproductive efficiency as well as economic 
profit in the goat industry. The objective of the present 
work was to reinstate the oxidant-antioxidant balance in the 
system by the addition of catalase in extender for increasing 
the life and fertility potential of cryopreserved semen. 
 

  MATERIALS AND METHODS 
All chemicals were obtained from Sigma Chemicals Co. 
(St. Louis, MO, USA) unless otherwise stated. During the 
study, all the experimental protocols met the Institutional 
Animal Care and use committee regulations. 
 
 

Extender preparation 
The basic semen extender was composed of 3.604 g tris, 
1.902 g citric acid, 1 g fructose, 200 mg streptomycin, 120 
mg penicillin, and 200 mL triple distilled water. The pH 
was adjusted to 6.8. For preparing the working solution 
10% egg yolk (v/v) and 6 % glycerol (v/v) were added 
freshly to the basic extender and mixed well. 
 
Semen collection and evaluation 
Sexually mature bucks (N-12), managed under semi-
intensive system were used in the study. Semen samples 
were collected twice a week using an artificial vagina after 
stimulating with an oestrous doe. Immediately after collec-
tion volume, color, consistency, and mass motility of ejacu-
lates were assessed. Ejaculates with mass motility +4 and 
above were pooled of the same buck and divided into 6 
equal aliquots. The samples were extended with Tris- Citric 
acid- Fructose diluent having 10% (v/v) egg yolk as an ex-
tracellular and 6% (v/v) glycerol as an intracellular cryo 
protecting agent. In this experiment we used catalase (CAT; 
25 mg, 11700 U, SRL) and had 6 groups: control (non-
supplement), 200 IU/mL, 400 IU/mL, 600 IU/mL, 800 
IU/mL and 1000 IU/mL. The progressive motility, live cell 
count, functional plasma membrane integrity, acrosome 
integrity, and mitochondrial membrane potential (MMP) 
were evaluated immediately after dilution and after 24 h of 
cryopreservation in liquid nitrogen. Sperm concentrations 
were adjusted to 1 × 108 mL−1 and diluted semen was 
equilibrated at 5 ˚C for 4 h before being liquid nitrogen 
frozen (Ranjan et al. 2015). 
  
Semen cryopreservation 
After equilibration period of 4 h semen was filled in 0.25 
ml straws at 5 ˚C and straws were sealed with polyvinyl 
alcohol powder. After filling and sealing, straws were va-
pour frozen in liquid nitrogen vapours by keeping them 2 
cm above the liquid nitrogen for 10 min. Finally, straws 
were plunged into liquid nitrogen and stored in a liquid 
nitrogen container (Gangwar et al. 2015). 
 
Motility assessment 
Diluted semen (10 µL) was placed on a clean grease-free 
warm slide (38 ˚C) with cover slip and observed under 
400X magnification of phase contrast microscope. The pro-
gressive motility was calculated by considering the average 
values of two independent experts. 
 
Sperm vitality assessment 
The live and dead spermatozoa were calculated by using 
Eosin – Nigrosine stain (Hancock, 1951; Ranjan et al. 
2009a).  
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The dead sperm cell takes eosin colour, while those 
which are alive before staining do not take any colour. 
 
Acrosomal integrity assessment 
The acrosomal integrity of spermatozoa was assessed by 
using Giemsa stain (Watson, 1975; Ranjan et al. 2014). A 
thin smear of diluted semen was prepared on a clean grease 
free slide and air-dried. The slide was then immersed in 
Hancock’s fixative for 1h at 38 ˚C. The slides then washed 
in running water and air dried. The slides were then im-
mersed in Giemsa stain (6 mL Giemsa stain, 4 mL Sor-
renson buffer and 90 mL triple distilled water) for 2 h at 38 
˚C. After staining, the slides were washed in water and air-
dried. The slides were examined for acrosome morphology 
under the oil immersion objective of the microscope. A 
total of at least 200 sperms were counted and the percent-
age of acrosomal alterations was calculated. 
  
Functional membrane integrity assessment 
The membrane integrity of spermatozoa was examined by a 
hypo-osmotic swelling (HOS) test (Revell and Mrode, 
1994; Ranjan et al. 2009b). Diluted semen (10 µL) was 
added to 1 mL of hypo-osmotic solution (75 mOS) in mi-
crotubes and incubated at 38 ˚C for 2 h. Immediately after 
incubation, semen (10 µL) was placed on a glass slide, cov-
ered with a coverslip, and examined under 400X. A total of 
at least 200 spermatozoa were counted besides total coiling, 
a strong coiling was the description given when the tail 
became much coiled (Ranjan et al. 2017). 
 
Fluorogenic assessment of mitochondrial membrane 
potential 
The assessment of MMP was done as described earlier 
(Selvaraju et al. 2008). MMP was assessed by using JC-1 
(5,5,6,6-tetrachloro,1,3,3 tetra ethyl benzimidazolocarbo-
cyanineiodide) (Figure 1). Prepared solution (3 µL of 1.53 
mM JC-1 indimethyl sulfoxide) was added to a 100 µL 
frozen-thawed sperm sample (100×106/mL), and incubated 
for 30 min at 38 ˚C. Then, cells were washed once in phos-
phate-buffered saline (PBS) and resuspended in PBS, 
smeared and analyzed with epifluorescence microscope 
(Axiovert, Ziess) using an excitation wavelength of 485 
nm.  

A minimum of 200 sperms were observed at 400X 
magnification. The cells with yellowish to orange 
fluorescence (aggregates) in the mid piece were considered 
as cells having MMP. 
 
Artificial insemination in estrous goat 
Intra-cervical AI was used to get maximum benefits. For 
Intra cervical AI, the oestrous goat lifted from the back for 

clear visualization of genitalia. A lubricated glass vaginal 
speculum was inserted through vagina for visualization of  
cervical opening under sunlight. Then frozen-thawed semen 
straw inserted through vaginal speculum and go through 
cervical opening and semen was deposited there and waits 
for two to three minutes. 40 goats (20 control and 20 ex-
perimental) were inseminated with frozen semen in natural 
estrous conditions. The insemination was carried out 12 h 
after detection of estrous and repeated after 12 h of the first 
insemination. 
 
Transrectal ultrasonography of goats 
Trans rectal ultrasonography was carried out using 5/7 
MHz transducer in inseminated does with frozen semen at 
or after 28 days post-mating. Inseminated goats were not 
given feed for 12 h (overnight) and ultrasonography was 
done in morning. 
 
Statistical analysis 
Statistical analysis was performed by General Linear model 
of SPSS (SPSS, 2011). The factorial model included the 
effect of catalase concentration as an independent variable 
and percent post thawed motility, live sperm count, acro-
some intact sperm, hypo osmotic swelling positive sperm 
and MMP as dependent variables. Post Hoc Test Duncan 
LSD T3 was conducted to know the significant difference 
between different variables at P < 0.05. A homogeneity test 
was also conducted to assign different superscripts to vari-
ables based on significant difference at P < 0.05 between 
different variables.  

 

  RESULTS AND DISCUSSION 
Effect of catalase concentration on post-thaw semen 
quality 
The effects of catalase in semen diluent on post-thaw semi-
nal qualities were evaluated and the percentages of motile 
spermatozoa, live and dead spermatozoa, hypo osmotic 
swelled spermatozoa, acrosome integrity, and MMP for 
each concentration was averaged. The progressive motile 
spermatozoa, live spermatozoa, hypo-osmotic swelled 
spermatozoa, acrosome integrity percent and MMP were 
80.94 ± 1.04, 83.24 ± 1.03, 80.73 ± 1.11, 81.92 ± 1.10 and 
70.28 ± 1.13 respectively in fresh semen. The post-thaw 
semen quality was decreased significantly (P<0.05) after 
cryopreservation. The effect of catalase on post-thaw semen 
quality was summarized in Table 1. The results showed that 
the progressive motility, live sperm count, hypo-osmotic 
swelling positive spermatozoa, acrosomal integrity, and 
MMP (Mean±Standard error) were significantly higher 
(P<0.05) in 800 IU/mL catalase concentrations (Table 1).  
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The MMP was significantly higher (P<0.05) in 200 

IU/mL catalase concentrations than control and 600 IU/mL 
catalase concentrations. 
 
Effect of catalase on conception rate 
A total 20 goats were chosen for frozen semen AI technique 
and 8 goats (40%) were conceived by this technique using 
frozen semen straw of 800 IU/mL catalase as an antioxi-
dant.  

The post thaw quality parameters showed significantly 
high in 800 IU/mL catalase, so, this particular concentration 
of catalase was compared with control for in vivo fertility 
test. The conception rate in control group was 7 out of 20 
goats (35%) (Figure 2).  

In the present study, the results revealed that addition of 
catalase 800 IU/mL has improved the motility, live cell 
count, membrane integrity, acrosome integrity and MMP of 
buck semen and thus it protects the structures and functions 
of spermatozoa efficiently. Catalase has beneficial effects 
on the preservation of mammalian sperm and improves the 
functional parameters of spermatozoa (Gungor et al. 2018). 
The incorporation of ascorbic acid, catalase and ascorbic 
acid + chlorpromazine in semen extender improved the 
post-thaw semen quality in crossbred bulls (Paudel et al. 
2010). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Mitochondrial membrane potential (MMP) of goat sper-
matozoa evaluated by JC-1 
Sperm with low MMP (high green and low orange fluorescence), 
sperm with high MMP (low green and high orange fluorescence) 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Conception percent by using frozen semen straws having catalse 
(800 IU/mL) in treated and control animal group 

 
Our results showed that pre-freezing and freezing-

thawing of semen significantly decreased the percentages of 
motility, viability, HOS, acrosomal integrity and MMP. 
This may be due that ROS are generated more during cryo-
preservation and freezing and thawing protocols (Chatterjee 
and Gagnon, 2001).  

Table 1 Effect of catalase on post-thaw semen qualities (Mean±Standard error) 

Concentration (catalase IU/mL) Post thaw motility % Live % HOST % Acrosome % MMP % 

0 (control) 36.25±2.05b 39.95±2.30b 36.53±1.64b 34.69±0.59b 32.00±1.05cd 

200 35.63±1.76b 39.93±1.93b 37.35±2.24b 38.88±2.07b 34.14±1.18b 

400 34.28±1.30b 38.19±1.64b 37.04±1.39b 37.42±1.94b 30.14±1.10d 

600 34.28±1.30b 36.75±1.38b 38.59±2.04ab 39.87±1.38b 31.28±0.81cd 

800 42.86±2.86a 47.81±2.29a 44.73±3.48a 46.81±2.50a 39.71±0.56a 

1000 32.86±1.01b 39.11±0.71b 37.61±1.50b 40.28±1.83b 30.86±0.86d 
MMP: mitochondrial membrane potential.  
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
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These ROS increase the susceptibility of spermatozoa to 
oxidative stress as affected by cold shock (White, 1993), 
which play important role in decreasing motility, shortening 
the life span of spermatozoa and affecting the membrane 
integrity and preservation of semen. This study showed that 
800 µM of catalase was more effective in post-thaw quality 
parameter. This is because catalase activates decomposition 
of hydrogen peroxide (H2O2) into water and oxygen 
(Fernandez et al. 2007). Breakdown of hydrogen peroxide 
into water and oxygen in the presence of catalase may 
block the pathways, which generate ROS and thus prevent 
the loss in motility (Roca et al. 2005). Due to its potent 
antioxidative nature, catalase supplementation decreased 
oxidative stress and showed its beneficial effects in semen 
preservation (Thiangtum et al. 2012). Catalase causes 
membrane lipids and proteins rearrangements which results 
in increased membrane fluidity and thus decreased the per-
centage of acrosome damages (Holt, 2005; Witte and 
Schafer-Somi, 2007).  

Acrosomal damages were observed during cryopreserva-
tion in ram to about 45–65% (Abdelhakeam et al. 1991), in 
goat to about 38–43% (Chauhan et al. 1994) and in cattle to 
26% (Azam et al. 1998) and buffalo was more than 20% 
(Kumar et al. 2016). The reduction in the seminal parame-
ters might be due to the overproduction of ROS from con-
tinuously increasing number of dead sperm cells that cannot 
be checked by catalase as its concentration was fixed. Also, 
overdose of catalase causes high fluidity of plasma mem-
brane above desired point, making sperm more prone to 
oxidative stress induced damage (Chen et al. 2013).  

The mitochondria activity is a key indicator of sperm 
function. Mitochondria, localized in the mid-piece area of 
sperm flagellum, produce ATP to support sperm motility. 
This study observed a significant decrease in high MMP in 
cryopreserved sperm. Similar finding was observed by 
various workers in different species (Ly et al. 2003; Martin 
et al. 2007; Kadirvel et al. 2012). A decrease in MMP lead 
to a lack of energy, which may be responsible for reduced 
sperm motility. Hence, reduced sperm motility induced by 
cryopreservation is believed to be mainly associated with 
mitochondrial damage (Januskauskas and Zillinskas, 2002). 

Supplementation of Tris extender with IGF-I improved 
subjective sperm motility and structural integrity of the 
plasma membrane without a significant effect on pregnancy 
rates of ewes with frozen thawed semen (Padilha et al. 
2012). It becomes very difficult to pass the AI gun through-
out the cervix due to the complex cervical anatomy in 
goats. Therefore, the conception rate is highly correlated 
with the depth of penetration. Although the laparoscopic AI 
involving deposition of frozen-thawed semen directly into 
the uterus generally results in 60-70% fertility (Salamon 
and Maxwell, 1995), the conception rate of cryo-preserved 

semen following trans-cervical AI (TCAI) is still very low 
(16-40%; Kharche et al. 2013; Kumar and Naqvi, 2014). 

The Embrapa AI technique resulted in satisfactory rates 
of cervical transposing and intrauterine AI, achieving rea-
sonable pregnancy rates in goats (Jeferson et al. 2017). In-
hibition of angiotensin-converting enzyme in goats under 
protocol of fixed-time artificial insemination improves 
pregnancy rates, parturition, twinning and proved to be a 
good alternative for increasing the efficiency of such a bio-
technique (Fernandes et al. 2018). The premature capacita-
tion as a consequence of freezing and thawing curtails the 
lifespan of spermatozoa having a very shorter time to 
achieve fertilization compared to the fresh sperm. 

 

  CONCLUSION 

We inferred that the addition of catalase (800 IU/mL) sig-
nificantly reduced the detrimental effects of cooling on mo-
tility, viability, membrane integrity, and acrosomal integrity 
of buck sperm. This particular concentration also showed 
significant (P<0.05) improvement in mitochondrial mem-
brane potential and also we have achieved a significantly 
higher conception rate in goat. So, catalase (800 IU/mL) 
can be used semen diluent for routine semen cryopreserva-
tion in goat. 
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