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Introduction 
 

Astaxanthin (AX) is the major colourful 

pigments of seafood, i.e. salmon, trout, red 

sea bream, shrimp, lobster etc. Several studies 

revealed the beneficial health effect of AX as 

photoprotectants, eye health, anti-

inflammatory, improvement of immunity and 

other important application in nutraceuticals, 

cosmetics, food and feed industries (Yuan et 

al., 2011; Ciapara et al., 2006; Guerin et al., 

2003). Due to its various health beneficial 

properties, commercially natural AX is 

 

 

 

 

 

 

 

 
 

cultivated from Haematococcus Pluvialis 

(richest source), which can accumulate higher 

amount of astaxanthin under stressful 

conditions (Wayama et al., 2013). AX is more 

powerful antioxidant than beta-carotene and 

lutein (O‟Connor and O‟Brien, 1998) 

enhancing antibody production (Jyonouchi et 

al., 1994) as well as boosts mitochondrial 

activity (Wolf et al., 2010). The 

supplementation of AX @ 2 and 4 µM shown 

to increase sperm vitality and plasma 
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Astaxanthin (AX) is a xanthophyll carotenoid having the powerful antioxidant ability with 

much beneficial health effects. The present study was conducted to observe the effect of 

AX on sperm quality of Karan Fries (Tharparkar X Holstein Friesian) bulls during storage 

at 5 °C. The neat semen was diluted with Tris egg yolk citric acid fructose (TEYCAF) 

extender and equally divided into two parts, i.e. control and AX supplementation. The 

percentage of progressive motility at 0, 24, 48 and 72 hours were 78.75 ± 1.25 vs.78.75 ± 

1.25; 77.50 ± 1.44 vs. 72.5 ± 2.5; 77.50 ± 1.44 vs. 71.25 ± 1.25 and 68.75 ± 1.25 vs. 66.25 

± 2.39 in AX supplemented vs. control, respectively. The percentage of live spermatozoa 

at 0, 24, 48 and 72 hours were as 88.69 ± 0.09 vs. 88.12 ± 1.32; 85.93 ± 0.59 vs. 83.76 ± 

0.61; 82.95 ± 1.31 vs. 78.57 ± 0.70 and 80.92 ± 1.26 vs. 74.07 ± 0.95 in AX supplemented 

vs. control, respectively. The concentration of catalase (CAT) enzyme in supernatant was 

reduced (p<0.05) in AX supplemented sample at 48 (7.38 ± 1.43 vs.14.62 ± 2.03) and 72 

(14.43 ± 1.29 vs.19.45 ± 2.82) hours. The superoxidase dismutase (SOD) concentration 

was lowered (p<0.05) only at 24 hours of preservation in AX supplemented samples than 

control. It can be concluded from the study that supplementation of AX to the semen 

extender assisted in maintaining or protecting the spermatozoa from damage during 

storage at 5 °C.  
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membrane integrity (p≤0.05) in rams diluted 

semen during the storage period of 72 hours 

at 5 
°
C (Fang et al., 2015). Malondialdehyde 

(product of lipid peroxidation) and reactive 

oxygen species (ROS) levels also decreased 

(p≤0.05) markedly during 72 hrs of storage at 

5 
°
C (Fang et al., 2015). Sperm membrane is 

prone to free radical attack due to the high 

content of phospholipids (Almbro et al., 

2011). As the sperm cells are the highly active 

cell (motile), generation of reactive oxygen 

(ROS) species is common and maintenance of 

ROS level depends upon the seminal 

antioxidant defense mechanism. Higher 

concentration of ROS damages the sperm 

membrane, DNA, lipid and proteins resulted 

in compromise fertilizing capacity of 

spermatozoa. Therefore, the addition of 

exogenous antioxidant improves the vitality 

and motility of spermatozoa (Sariozkan et al., 

2014). One of the important features of AX is 

the ability to penetrate biological membranes 

with a protective effect of lipid peroxidation 

inside and outside of cell membrane (Goto et 

al., 2001). Supplementation of antioxidant 

suggested to a safe way to improve the semen 

quality and fertility (Eskenazi et al., 2005). 

Oral supplementation of AX shown to 

decrease the ROS and secretion of inhibin B 

(by Sertoli cells) indicating a positive effect 

on sperm functions and fertility (Comhaire et 

al., 2005). AX was shown to have the 

chemoprotective potential against 

cyclophosphamide-induced germ cell toxicity 

in mice reported by Tripathi and Jena (2008).  

 

During cryopreservation, lipid membrane of 

spermatozoa prone to free radical attack due 

to minimum cytoplasmic antioxidant content, 

susceptible to lipid peroxidation resulted in 

impairment of sperm functions and decreased 

motility. Lipid peroxidation is one of the main 

factors of sperm damage during preservation. 

The prevention of sperm damage is necessary 

to maintain the sperm motility and sperm 

functions during preservation. Therefore, the 

preliminary study was conducted to observe 

the effect of AX, a potent antioxidant 

supplementation on semen preservation of 

Karan Fries bulls at refrigerator temperature 

(5 °C). 

 

Materials and Methods 

 

The study was conducted on three (n=3) adult 

healthy Karan Fries bulls (4-6 years) 

maintained at Artificial Breeding Research 

Centre (ABRC), Indian Council of 

Agricultural Research-National Dairy 

Research Institute (ICAR-NDRI), Karnal, 

Haryana. Six ejaculates from each bull were 

collected at weekly interval using artificial 

vagina (42-45 °C).  

 

Grading of semen 

 

A drop of fresh semen sample was placed on 

preheated (37 ºC) glass slide; gently cover 

slip was placed upon the drop and observed 

under phase contrast microscope (Nikon 

eclipse E600, Tokyo, Japan) in low 

magnification (10x). The semen samples were 

graded on the basis of wave movement i. e., 

mass motility as 0 (waves not present, sperm 

cells immotile), + (waves not present, slight 

movement of sperm cells), ++ (barely 

distinguishable waves in motion), +++ (waves 

apparent, moderate motion) and ++++ (dark 

distinct waves in rapid motion). Semen 

samples having “+++” or “++++” were 

selected for the study.  

 

Dilution with Tris egg yolk citric acid 

fructose (TEYCAF) extender 

 

The semen sample was extended in Tris egg 

yolk citric acid fructose (TEYCAF) in 1:10 

ratio. The extended sample was split into 

control and AX supplementation (@2 µM) 

and preserved at 5 °C for 0, 24, 48 and 72 

hours. 
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Progressive motility  

 

Five to six microliter of extended semen was 

placed in a pre-heated glass slide (37 °C), 

cover slip was placed gently and observed 

under light microscope (40X, Labomad). 

Spermatozoa having forward movement were 

recorded as progressively motile.  

 

Non-eosinophilic spermatozoa 
 

Live spermatozoa were assessed by eosin-

nigrosin (EN) stain as suggested by Blom 

(15). EN stain was prepared by proper mixing 

of 1:5 ratio of eosin and nigrosin in 10 mL of 

2.9% (pH 6.8) sodium citrate buffer with the 

help of a magnetic stirrer at 70-80 °C for 40-

60 minutes. The content was filtered through 

filter paper and was kept at 4 °C. Then 4 µL 

of extended semen and 10 µL of EN stain 

were placed on clean pre-warm glass slide, 

mixed properly and 5-8 µL of the mixture was 

drawn in a clean pre-warm glass slide, a very 

thin smear was made and air dried. The dead 

sperm stained pink (eosin) and partially 

stained sperm were also considered as dead 

while live sperm remained unstained (Figure 

1). Two hundred spermatozoa were counted 

under oil immersion per slide from different 

fields.  

 

Catalase (CAT) and superoxidase 

dismutase (SOD) assay  

 

One mL of extended samples at different 

hours (0, 24, 48 and 72) of interval were 

drawn into a new Eppendorf tube and 

centrifuge at 10000 rpm for 10 minutes. The 

supernatant was drawn into a new sterile 

Eppendorf tube and kept at –20 °C until the 

assay was done. Superoxide dismutase 

(MBSO40427, MyBioSource) and catalase 

(MBS039175, MyBioSource) were 

determined by bovine ELISA kits as per the 

manufacturer‟s protocol. The sensitivity of 

the assay kits was 2.0 U/mL, and 1.0 U/mL 

for SOD and CAT, respectively. The optical 

density (OD) was recorded using a TECAN 

infinite PRO200 ELISA reader (TECAN Asia 

Pvt. Ltd., Singapore) at 450 nm. The intra- 

and inter assay coefficients of variation were 

<10%. 

 

Statistical analysis 

 

The data analysis was carried out by Prism 5 

software, Student „t‟ test was applied for 

analyzing the effect of AX on progressive 

motility, live spermatozoa, the concentration 

of catalase and superoxidase dismutase. 

Significant level at 5% (0.05). The graphs 

were also prepared using Prism5 software. 

 

Results and Discussion 

 

The percentage of progressive motility was 

better (p<0.05) at 24 (77.50 ± 1.44 vs. 72.5 ± 

2.5) and 48 (77.50 ± 1.44 vs. 71.25 ± 1.25) 

hours of preservation in AX supplemented 

samples than control samples at refrigerator 

(5 °C) temperature (Figure 2A). The 

significant (p<0.05) effect was also observed 

in the percentage of live spermatozoa at 48 

(82.95 ± 1.31 vs. 78.57 ± 0.70) and 72 (80.92 

± 1.26 vs. 74.07 ± 0.95) hours of preservation 

in AX supplemented samples vs. control 

(Figure 2B). The concentration of catalase 

(CAT) was decreased (p<0.05) in AX 

supplemented samples as compared to control 

at 48 (7.38 ± 1.43 vs. 14.62 ± 2.03) and 72 

(14.43 ± 1.29 vs. 19.45 ± 2.82) hours (Figure 

2C). However, superoxidase dismutase (SOD) 

concentration was decreased (p<0.05) only at 

24 hours of preservation in AX 

supplementation as compared to control 

(Figure 2D).  

 

Under stressful conditions the microalgae 

(Haematococcus pluvialis) synthesized AX 

for their survival. Astaxanthin (AX) is a 

powerful antioxidant synthesised abundance 

in Haematococcus pluvialis under stressful 
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condition for their survival. It also present in 

fungi, complex plants, seafood, flamingos, 

and quail. It neutralizes free radicals or other 

oxidants very efficiently by either accepting 

or donating electrons without being destroyed 

or becoming a pro-oxidant in the process. AX 

predominantly marine origin demonstrated to 

be a potent antioxidant and anti-inflammatory 

in several studies (Fassett et al., 2011). 

 

 

Fig.1 Live and dead spermatozoa under phase contrast microscope (100X) 

 

 
 

 

Fig.2 Effect of AX supplementation in extended semen of Karan Fires bulls during storage at 0, 

24, 48 and 72 hours 

 

The present study showed the improvement of 

sperm quality during preservation at 5 °C 

(refrigerator temperature) using TEYCAF 

extender. The lower level of CAT and SOD 

concentration in extended semen also 

indicates the antioxidant activity of AX. 

Similarly, Fang et al., (2015) and Farzan et 

al., (2014) also reported the improvement of 
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sperm quality and reduction of 

malondialdehyde and ROS in AX 

supplementation during storage of ram and 

bull extended semen at 5 °C for 72 hours, 

respectively. AX is a lipid soluble pigment 

with potent inside and outside antioxidant 

properties gives overall protection (McNulty 

et al., 2007). Oral supplementation of AX has 

also been shown to have beneficial effects on 

sperm concentration, viability, normal sperm 

morphology, linear velocity and male fertility 

(Comhaire et al., 2005; Mortazavi et al., 

2014). It is demonstrated (AX) of having a 

powerful scavenging capacity against free 

radicals (Pashkow et al., 2008). AX 

supplementation was found more effective 

when the sperm cells are more susceptible to 

oxidative attack (Pashkow et al., 2008; 

Salamon and Maxwel, 2000). Astaxanthin 

(AX) supplementation revealed the protective 

effects of spermatozoa during storage at 

refrigerator (5 °C) temperature. 
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