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ABSTRACT

To evaluate the role of dietary
supplementation of astaxanthin, prill fat and their
combination on antioxidants and immune status
of lactating buffaloes during heat stress. Twenty
four lactating buffaloes (first to fourth parity) were
selected and divided equally into four groups i.e.
Group I (control), Group II (astaxanthin 0.25 mg/kg
body wt/day), Group I (prill fat 100 g/animal/day)
and Group IV (astaxanthin + prill fat). Plasma was
separated from the blood collected at fortnightly
interval for the analysis of antioxidant enzymes
and interleukins levels. The levels of superoxide
dismutase and catalase were significantly lower
in astaxanthin supplemented groups (Group II
and Group IV) compared to Group I and Group
III. The levels of pro-inflammatory cytokine
(Interleukin -2) was significantly (P<0.05) lower
in astaxanthin supplemented groups (Group II
and Group IV) compared to Group I whereas
levels of anti-inflammatory cytokines (Interleukin
-10) was significantly (P<0.05) higher in all
supplemented groups (Group II, Group III and
Group IV) than Group I. Results showed that,

dietary supplementation of astaxanthin (potent
antioxidant) was able to alleviate the heat stress
induced changes by lowering the levels of
antioxidant enzymes (SOD and CAT) and pro-
inflammatory cytokine (IL-2) and improving the
levels of anti-inflammatory (IL-10) cytokines in

lactating buffaloes during summer season.
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INTRODUCTION

Heat stress is one of the factor which
cause reactive oxygen species mediated oxidative
stress in farm animals. Production performance
of buffaloes are mostly affected during summer
stress due to change in physiological responses,
feed intake, antioxidant system and decreased
immunity. Antioxidants are substances that can
prevent or slow the damage to cells caused by
free radicals, unstable molecules that the body
produces as a response to environmental and

other stresses. Superoxide dismutase (SOD) and
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catalase protect the cell against damage from
superoxide ion to H,O, due to the secondary
generation of highly reactive hydroxyl group
(Miyazaki et al., 1991). Summer stress is one of
major factor contributing to lower immunity in the
buffaloes. Inflammatory cytokine (pro and anti-
inflammatory) levels were significantly differed in
heat stress and cooling conditions at different time
intervals (Do Amaral et al., 2009). Buffaloes are
mainly affected by oxidative stress, is one of major
cause for inflammatory and immune dysfunction.
Astaxanthin (AX) is a lipophilic, pinkish orange
carotenoid antioxidant found in algae, seafood
(crustacean shells, crabs, shrimps, fish) and
various plants that give them their unique colour
appearance (Higuera-Ciapara et al., 20006). Several
studies revealed AX’s beneficial health effect as
antioxidant, photo protective, anti-inflammatory,
immunity improvement, and other important
applications in the nutraceutical, cosmetic, food
and feed industries (Higuera-Ciapara et al., 20006;
Guerin et al., 2003). Astaxanthin found naturally
in different living organisms such as microalgae
(Haematococcus pluvialis, Chlorella zofingiensis,
and Chlorococcum sp), fungi, red yeast (Phaffia
rhodozyma), seafood and some birds such as
flamingos and quail. Astaxanthin is extracted from
Haematococcus pluvialis for dietary supplements
in humans and animals (Guerin et al, 2003).
Antioxidant strength of astaxanthin is 10 times
greater than other carotenoid and 100 times more
than a-tocopherol. AX is termed as “super vitamin
E” (Pan et al., 2003). Inflammatory cytokine
expression like nuclear factor (NF) kB, tumor
necrosis factor (TNF)-a and interleukin (IL)-1B
were significantly reduced in astaxanthin fed mice
(Yasui et al., 2011). When microalgal biomass (H.
pluvialis, S. platensis or B. braunii) was fed to rats,

showed significantly high antioxidase catalase,
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superoxide dismutase and peroxidase activity Rao et
al. (2010). Surai et al., (2016) reported substantially
lower levels of malondialdehyde and antioxidant
enzyme systems in astaxanthin-fed fish compared
with basal dietary feed. Dietary absorption of
astaxanthin is same as that of fat or lipid soluble
vitamins. Presence of dietary fat influences the
absorption of astaxanthin in small intestine.
Astaxanthin absorption is higher when emulsified
with olive oil and significantly improves the use
of astaxanthin supplements with additional fat
(Odeberg et al., 2003). Astaxanthin supplemented
along with lipid based diets resulted in increased
bioavailability of astaxnthin in humans (Hussein,
2015). Due to its inertness in rumen, fat can be
incorporated up to 9% of the dietary DM (Sharma
et al., 2016). Bypass fat supplementation increases
dietary energy density, improves body condition
score and animal productivity (Ganjkhanlou ef al.,
2009).

Keeping in mind the above fact, the present
study was planned to examine the individual as
well as combined effect of astaxanthin and prill fat
supplementation on levels of antioxidant enzymes
and interleukins during heat stress condition in

lactating buffaloes.

MATERIALS AND METHOD

Selection and management of animals

A total of 24 lactating Murrah buffaloes
were selected from Kathwad Village of district
Kaithal, Haryana (India). Experiment was carried
out during summer season (July to October - 2018).
The buffaloes were divided into four groups i.e. six
animals in each group based on milk yield. All
groups were treated uniformly in terms of feeding
(NRC, 2001) and other management practices.



Group II was additionally supplemented with
0.25 mg/kg body wt/day of dietary astaxanthin,
Group 111 with 100 g/animal/day of prill fat, Group
IV with both astaxanthin 0.25 mg/kg body wt/
day and prill fat 100 g/animal/day and Group I
as control. Astaxanthin (Herbal antioxidant) was
purchased from Herbo Nutra, New Delhi and Prill
fat (Bergafat T-300) from Nutriprof Company for
the supplementation to the experimental animals
during summer season. Blood samples (10 ml/
animal) were collected at fortnightly intervals in
sterile heparinised vacutainer (BD Vacutainer TM,
UK) tubes by puncturing the jugular vein, posing
minimum disturbance to the animal, on days
0, 15, 30, 45, 60, 75 and 90" day of experiment
period. Immediately after blood collection, blood
samples were kept in ice box and transported to
the laboratory for further processing. The plasma
was separated by centrifugation at 3000 rpm for
30 minutes and stored at -20°C in different aliquots
for the estimation of plasma antioxidant enzymes
and interleukins. Temperature humidity index
(THI) was calculated using the formula of NRC
(1971). The THI during experiment period was
ranged from 76.73 to 83.10. Ethical approval for
experiment was taken from Institutional Animal
Ethics Committee (IAEC), as per rules laid down
by the Government of India (IAEC Approval No.
42-IAEC-18-7).

Estimation of antioxidant enzymes and plasma
interleukins (IL)

Superoxide dismutase (SOD), Catalase,
Interleukin 2 and Interleukin 10 was estimated
in plasma samples using “Bovine ELISA Kit”
supplied by Bioassay Technology, 1713 Junjiang
International Building, 218 Ningguo Rd. Yangpu
Dist. SH. China.
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Statistical analysis

Statistical analysis of the data was carried
out to find mean + S.E using software version (22) of
the SPSS system and Prism 5 for window. Two way
ANOVA and one way ANOVA was done to find
out the significant difference between treatments
and fortnight intervals and their interaction. The
pair wise comparison of means was carried out
using post-hoc Duncan multiple comparison
test. Evaluation of the correlation between all the
factors in respective set of animals was made using
a correlation coefficient at the level of probability
(P<0.01 and P<0.05). Models used for analysis:

Y, utSXB ASXBHSXBuns +E,
Where, p = overall mean

Y, = K™ observation on i" treatment at j
interval

S.= effect of i tratment

B, = effect of j" interval

£ij = random error

RESULTS AND DISCUSSION

Temperature Humidity Index (THI)
during experiment period (August to October -
2018) was used as a scale for measuring heat stress
on animals (Armstrong, 1994). THI during study
period was ranged from 76.73 to 83.10 (Figure 1)

indicating stressful situation for the buffaloes.

Antioxidant enzymes
Plasma Superoxide Dismutase (SOD)
Theresults of SOD (ng/ml) levels in Murrah
buffaloes during summer season for control and
treatment groups (astaxanthin, prill fat and their

combination) have been presented in Table 1 and



Buffalo Bulletin (July-September 2021) Vol.40 No.3

statistical analysis in Table 3. The mean value of
SOD for control group was higher than the values
of all treatment groups. The overall mean values
of SOD of Group II (14.45+0.35 ng/ml) and Group
IV (14.84+0.43 ng/ml) was significantly (P<0.05)
lower than Group I (16.61£0.39 ng/ml) and Group
III (16.07+0.46 ng/ml) of buffaloes (Table 1). No
statistical difference in SOD value was observed
during different intervals of experiment. Further,
within the supplemented group astaxanthin
(14.45+0.35 ng/ml) and combination (14.84+0.43)
groups have lower SOD values than the prill fat
(16.07+0.46 ng/ml) supplemented group (Table 1).
Analysis of variance of data showed significant
(P<0.01) variation between groups (Table 3).

As observed in present study several of
researchers reported significant higher serum
SOD activity during both moderate and high THI
compared to low THI (Zhang et al., 2014; Yatoo et
al., 2014). Lallawmkimi (2009) examined the effect
of winter and summer seasons on the antioxidant
status of lactating Murrah buffaloes and reported
significantly higher SOD levels during summer
compared to winter in Murrah buffaloes. Similaly,
significantly higher SOD levels in seminal plasma
of Karan Fries bulls during hot dry season followed
by spring and winter was observed (Soren et al.,
2016). Kumar et al. (2011) reported similar higher
trend in erythrocyte SOD activity in buffaloes
during hot dry and hot humid season. The levels of
SOD was positively correlated with THI in present
study and are in accordance with Chaudhary et
al. (2015) who also showed a positive association
between SOD and THI in Surti buffaloes. The
results of present study showed that astaxanthin
(potent antioxidant) supplementation neutralise, the
higher ROS production and therefore SOD levels
were low in supplemented group by breakdown

of superoxide (O,) to H,O, and oxygen. Pan et al.
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(2003) stated that in ammonia stressed shrimp there
was significantly lower SOD in astaxanthin treated
group indicating improvement of antioxidation
capacity by dietary astaxanthin and accordingly,
the improvement of survival rate against ammonia
stress. Astaxanthin contains a long conjugated
double bond system with a relatively unstable
orbital electron, it can scavenge oxygen radicals
in cells and reduces cellular damage (Chien et al.,
2003). Soren et al. (2017) reported significantly
(P<0.01) lower levels of SOD in seminal plasma of
Karan Fries bulls supplemented with astaxanthin
compared to control group of animals during hot

humid season.

Plasma catalase

The results of Catalase (ng/ml) in Murrah
buffaloes during summer season for control and
treatment group (astaxanthin, prill fat and their
combination) have been presented in Table 2 and
statistical analysis in Table 3. The mean values for
control group was higher than the all treatment
groups. The overall mean values of catalase in
buffaloes of Group II (46.64+0.96 ng/ml) and Group
IV (46.32+0.72 ng/ml) was significantly (P<0.05)
lower than the control (49.37+0.61 ng/ml) and
prill fat (47.2840.86 ng/ml) supplemented group
(Table 2). No significant difference was observed
in Catalase values at different intervals in plasma
of Murrah buffaloes under field condition. Further,
with in the supplemented groups, no significant
variation was observed in Catalase levels.
Astaxanthin (46.644+0.96 ng/ml) and combination
of astaxanthin and prill fat supplemented groups
(46.324+0.72) have numerically lower Catalase
values than the prill fat (47.28+0.86 ng/ml) group
(Table 2). Analysis of variance of data showed
significant (P<0.01) variation between groups as

well as intervals (Table 3). Plasma catalase during



summer showed significant (P<0.01) positive
correlation with THI (Table 4).

The results of present study are in
agreement with those of Shibu et al. (2008) who
reported higher catalase levels in Murrah buffaloes
during heat stress conditions. Increased catalase
activity is in connection to increase tolerance
from thermal stress in order to prevent protein
denaturation during heat stress condition (Kundu et
al., 2014). Several research findings demonstrated
the beneficial effect of dietary inclusion of various
antioxidants viz, sodium bicarbonate, potassium
carbonate, ascorbic acid etc during heat stress in
buffaloes. Kumar et al. (2011) observed significant
higher erythrocyte catalase activity in control
group of buffaloes than supplemented group.
Lallawmkimi et al. (2013) studied the influence
of vitamin E supplementation in Murrah buffaloes
and reported a significantly higher catalase in
control group of animals compared to the vitamin
E supplemented animals. Zhang et al. (2014) in
his study on white shrimp (litopenaeus vannamei)
showed a significant (P<0.01) lower catalase level
in astaxanthin (125 mg/kg and 50 mg/kg in diet)
supplemented group as compared to control.
There was significant lower levels of plasma
catalase in astaxanthin supplemented group of
post-partum Murrah buffaloes than control group
(Priyadarshini, 2017). Kumar (2018) reported
significant (P<0.01) lower levels of catalase in
Karan Fries and Tharparker heifers supplemented
with astaxanthin compared to control group during

Summer s€ason.

Immunity parameters

Plasma interleukin - 2 (IL-2)

The mean + S.E values of IL-2 for control
and treatment groups have been presented in Figure

2 and statistical analysis in Table 3. The overall
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mean values of IL-2 for control and treatment
groups (astaxanthin, prill fat and their combination)
of Murrah buffaloes were 65.17+1.10, 57.46+1.14,
64.21£1.08 and 56.91+1.46 ng/L respectively
(Figure 2). Significant (P<0.05) lower mean values
of IL-2 was observed in Group II (astaxanthin)
and Group IV (combination of astaxanthin + prill
fat) of buffaloes compared to Group III (prill fat)
and Group I (control). Statistical analysis of data
showed significant (P<0.01) wvariation between
groups, intervals and interaction between groups
and intervals (Table 3). Plasma IL-2 showed
significant (P<0.01) positive correlation with THI,
SOD and catalase, whereas significant (P<0.01)
negative correlation with IL-10 during summer
(Table 4).

Many of earlier findings showed significant
changes in the levels of inflammatory cytokines
(IL-1B, IL-2, IL-6, IL-10, and IL-12) during cold
and heat stress conditions. Compromised immune
status in thermally stressed buffalo heifers was
associated with reduced lymphocyte proliferation
and IL-2 production (Patir and Upadhyay, 2007). Do
Amaral et al. (2011) reported higher levels of plasma
prolactin levels in cows during heat stress was
associated with reduced lymphocyte proliferation
and
production. Sordillo and Aitken (2009) reported

that inflammatory and immune dysfunction are

increased pro inflammatory cytokine

mainly because of oxidative stress during summer
season. Wang et al. (2015) reported significantly
higher values of IL-2 in rats exposed to heat stress.
There was reduction in levels of pro-inflammatory
cytokines, such as tumor necrosis factor-a and
interleukin-6 in astaxanthin supplemented group
(Macedo et al., 2010). Priyadarshini and Aggarwal
(2018) found lower (P<0.05) expression of IL-6
and TNF-a in Murrah buffaloes supplemented

with astaxanthin during summer seasons. Kumar
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and Singh (2019) reported astaxanthin as useful
in reducing levels of pro-inflammatory cytokines
in H,O,-stimulated U937 mononuclear cells by
hindering the ROS-induced production of NF-kB
transcription factor. Kumar (2018) reported NF-
kB signaling pathway was inhibited in astaxanthin
supplemented group, hence a significant reduction
in pro-inflammatory mediators like IL-2 and IL-
12 was observed. Oral astaxanthin administration
alone induced the production of IL-2 and IFN-y in
mice’s lymphocytes (Lin et al., 2016). The results
of the present study are in general agreement
with those of earlier worker’s studies on different
species of animals, which showed a significant
(P<0.05) lower values of IL-2 in astaxanthin and
combination supplemented group of buffaloes
compared to prill fat and control group during

Summer s€ason.

Plasma interleukin - 10

The mean + S.E values of [L-10 for control
and treatment groups have been presented in Figure
3 and statistical analysis in Table 3. The overall
mean values of IL-10 for Group I, II, IIl and IV were
175.541.89, 212.5+2.14, 182.5+1.97 and 208.6+2.29
(ng/L) respectively (Figure 3). Overall mean values
for control group was significantly lower than the
all supplemented groups. Significantly higher
values of IL-10 were found in combination group
followed by astaxanthin group, prill fat group and
control group. There was also significant difference
in IL-10 among supplemented groups (Figure 3)
being significantly lower in prill fat supplemented
group compared to other two supplemented
groups. No significant difference was observed in
IL-10 values among astaxanthin and combination
supplemented groups during summer season.
Statistical analysis of data showed significant

variation between groups, interaction of groups
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and intervals, but no significant (P<0.01) variation
was observed between intervals. Plasma IL-10
showed positive correlation with THI and negative
significant (P<0.01) correlation with SOD, catalase
and IL-2 level during summer season in buffaloes
(Table 4).

The higher values of IL-10 in astaxanthin
supplemented group indicated lower inflammatory
response in these buffaloes during heat stress
conditions. Sheikh et al. (2017) showed higher anti -
inflammatory action in heifer’s supplemented with
zinc, which helped in reduction (P<0.05) of IL-12
concentration due to rise in IL-10 levels, which is
a potent inhibitor of IL-12. Similarly Kumar et al.
(2015) reported that supplementation of inorganic
chromium to heat stressed buffalo calves improved
T and B cell proliferation, neutrophil phagocytic
activity and immunoglobulin and improved their
immune status during heat stress. Pearce et al.
(2015) also reported that dietary supplementation
of zinc to heat stressed pigs subsided the changes
caused by heat stress that were noticeable from

changes in TNF-a levels.

CONCLUSION

Astaxnthin used as a potent antioxidant
helped in ameliorating the adverse effect of
oxidative stress by scavenging oxygen free radicals
in cells and reduces cellular damage during
summer season. Supplementation of astaxanthin
alone and with combination with prill fat
reduced the levels of pro-inflammatory cytokines
(interleukin-2) and improved levels of anti-
inflammatory cytokines (interleukin-10) indicated
lower inflammatory response in treated buffaloes
during heat stress conditions. The results confirm

that dietary supplementation of astaxanthin along



Table 1. Effect of dietary supplementation of astaxanthin, prill fat and combination (astaxanthin + prill fat)

on superoxide dismutase (SOD) (ng/ml) of buffaloes during summer season.
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. Supplementation
Fortnight interval Control - - —
Astaxanthin Prill fat Combination
0 16.24+1.07 14.53£1.05 15.29£1.22 14.76x1.19
I 16.23+1.45 15.34+1.23 15.83+1.35 14.7+0.96
11 17.35+1.02 13.8+0.70 15.65+1.12 14.48+1.05
il 16.81+1.24 15.57£0.97 16.00£1.57 15.18+1.29
v 15.53+1.05 14.2+0.79 15.17£1.49 14.63+1.33
\% 17.47+0.79 14.66=x1.15 17.49+1.05 14.49+1.09
VI 16.68+0.86 13.07+0.70 17.08+0.89 15.64+1.53
Mean + S.E. 16.61Y+0.39 14.45%+0.35 16.07V+0.46 14.84%+0.43

The values are mean = S.E of seven observations on six animals. The values with different superscripts X,

Y and Z within a row differed significantly (P<0.05) among treatment groups.

Table 2. Effect of dietary supplementation of astaxanthin, prill fat and combination (astaxanthin + prill fat)

on catalase (ng/ml) of buffaloes during summer season.

. Supplementation
Fortnight interval Control : : —
Astaxanthin Prill fat Combination

0 48.94+1.71 49.63+£2.25 45.65+1.81 46.43£1.90

I 50.58+1.80 50.4442 .31 51.134£2.12 50.25+1.49

II 49.21+1.85 46.53+1.77 49.58+1.89 48.21+1.64

I 49.99+2.09 46.07+£2.56 47.78+1.24 46.56+2.17

v 49.18+1.31 46.14+£2 .91 46.90+3.87 45.80+2.50

A% 49.20+1.26 44.01+3.75 44.75+1.70 45.17+1.14

VI 48.47+1.98 43.68+1.54 45.17£2.22 41.80+1.07
Mean £ S.E. 49.37Y+0.61 46.64%+£0.96 | 47.28%Y+0.86 46.32%+0.72

The values are mean + S.E of seven observations on six animals. The values with different superscripts X,

Y and Z within a row differed significantly (P<0.05) among treatment groups.
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Table 3. Analysis of variance (ANOVA) of antioxidant enzymes in buffaloes during study period.

L. Mean sum of square
Source of variation df
SOD Catalse IL-2 IL-10
Group 3 43.482%* 78.811*%* 796.391%* 14380.722**
Interval 6 3.786 83.713** 1061.402** 163.996
Group* interval 18 3.079 11.302 49.330* 873.353**
Error 140 7.842 26.641 20.328 94.259

#£(P<0.01); *(P<0.05).

Table 4. Correlation of Temperature Humidity Index (THI) with antioxidant enzymes and interleukins in

buffaloes during study period.

Parameters THI SOD Catalase IL-2 IL-10
THI 1
SOD -.146 1
Catalase 228" -.020 1
IL-2 .340™ 607" 145 1
IL-10 .082 -.089 -.204™ -221" 1

#%(P<0.01); *(P<0.05)
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Figure 1. Temperature Humidity Index (THI) during summer season (July to October - 2018).
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Figure 2. Effect of dietary supplementation of astaxanthin, prill fat and combination (astaxanthin + prill fat)

on interleukin - 2 (IL-2) (ng/L) of buffaloes during summer season.
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Figure 3. Effect of dietary supplementation of astaxanthin, prill fat and combination (astaxanthin + prill fat)

on of interleukin - 10 (IL-10) (ng/L) of buffaloes during summer season.
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with prill fat was more effective than individual
supplementation in alleviating the heat stress
induced changes in buffaloes during summer
season, which was evident from significant lower
levels of antioxidant enzymes (SOD and Catalase)
and pro-inflammatory cytokine (IL-2) and higher
levels of anti-inflammatory (IL-10) cytokines
in combination supplemented group. Based on
the results of the study it can be stated that for
amelioration of adverse effect of heat stress, the
combination of astaxanthin and prill fat can be
supplemented for normal physiology and welfare

for buffaloes.
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