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Introduction: The current study was carried out to investigate the effect
of micro-environmental variations on physiological, behavioral, and serum
biochemical parameters of indigenous (Niang Megha), Hampshire, and
crossbred (75% Hampshire X 25% Niang Megha).

Methods: Rectal temperature (TR), skin surface temperature (Tgs), respiration
rate (RR), and heart rate (HR) were recorded at 0,900 and 1,600 h weekly once
for 2 months for each season in grower pigs of each genotype. CCTV video
cameras were utilized to observe the behavioral changes. Five milliliters of
blood samples was collected to estimate different biochemical parameters.

Results: Season affected (p < 0.05) all physiological parameters which
generally increased during summer except Tg and RR of indigenous pig. Tg,
Tss, RR, and HR were significantly (o < 0.05) higher for Hampshire than for
indigenous and crossbred in the summer season. The frequency and behavioral
activities to heat loss or to conserve heat such as shivering and wallowing were
lower except for physical activity that was higher at all times in indigenous pigs.
Seasonal variations influenced metabolic activity and serum activity of alkaline
phosphatase (ALP) and alanine transaminase (ALT), which rose in summer in all
genotypes. Serum ALP and thyroxine (T4) were significantly (p < 0.05) higher
for indigenous pig in both the seasons. The insulin level was significantly
(p < 0.05) higher in indigenous pigs with no significant difference between
Hampshire and crossbred in summer whereas there was significant difference
among the genotypes in winter. However, superoxide dismutase (SOD) showed
no significant difference in the study. Indigenous pigs had the lowest serum
cortisol concentrations, whereas Hampshire had the highest.

Conclusion: The current study's findings on several parameters of three
different genotypes suggest that indigenous pigs in this region are more
adaptable to the region’s changing climatic conditions.
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Introduction

The Eastern Himalayas are one of the most biologically
rich areas on the Earth. In India, the Northeastern Hill (NEH)
region represents the Eastern Himalayan region and has a
total geographical area covering ~2,62,379 sq. km. area and
lies between 21°34'-29°50' N latitudes and 87°32'-97°52" E
longitudes in the Eastern Himalayan hill region (1). This region
is well-known for the diverse culture of human races and home
to a large number of ethnic people (2), providing a diverse
range of habitats to about 225 tribes in India, out of 450 in the
country (3). Agriculture is the primary source of income for
the majority of the rural population of this region (85%), who
conducts mixed farming, with livestock accounting for 18% of
the value of output from the agricultural sector (4). Moreover,
the livestock sector plays a major role in the socioeconomic
development in this region, and it is the major source of
livelihood for 20 million people, especially women (5), also an
important contributor to sustainable food security for many
nations, particularly in low-income areas and marginal habitats
that are unsuitable for crop production (6). Among all the
livestock, pig husbandry is one of the popular livestock and total
pig population is mainly dominated by local non-descript pigs
(65-75%) in the region (7). Indigenous pig breeds bear unique
features such as better heat tolerance, disease resistance, good
maternal qualities, early sexual maturity (8), and good quality
bristles (9) compared with exotic and crossbreds. The body coat
color of indigenous pigs of this region is predominantly black
in color and has long and dense hairs extending from wither to
the hindquarter.

Climate change is a major worldwide challenge and leads
to various environmental stresses that have an impact on the
production of livestock (10). Animals can adapt to climatic
stressors by different types of adaptive mechanisms including
genetic or biological adaptation, phenotypic or physiological
adaptation, acclimatization, and habituation (11). However, the
response mechanisms that ensure survival are detrimental to
performance and productivity (12). The physiological changes
when exposed to environmental stress can be measured by
the variation in respiration rate, rectal temperature, heart rate,
and skin surface temperature (13). Increased respiration or
panting increases airflow and evaporation of water from the
lungs and hence releases additional heat (14). The physiological
response of the animal to its internal and external environment
is also reflected in the blood profiles. Changes in hemato-
biochemical parameters are useful methods for determining the
degree of stress caused by environmental and dietary factors
(15) and adaptability to given environmental conditions of an
animal (16). Metabolic hormones affecting thermogenesis can
also be estimated as the physiological index of environmental
adaptation of an animal (17). Similarly, pigs exhibit natural
behavioral responses to thermal stress, which include huddling
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together and shivering when cold, seeking shade, wallowing
in water, and changing from diurnal to nocturnal feeding
times when heat stressed during the day (18). Pigs have a
thick subcutaneous adipose tissue layer and fewer sweat glands;
therefore, pigs control their body temperature by behavioral
thermoregulation instead of sweating (19). To enhance heat
dissipation, they increase direct contact with cool surfaces
(20), modifying their lying position, increased excretion, and
wallowing in their excreta (21). According to anecdotal evidence,
indigenous pigs of this region are better adapted to harsh
climatic conditions and subsistence farming, but there is little
scientific evidence to back up the statement. Indigenous breeds
are more thermotolerant than crossbred and purebred animals
in terms of the adaptation potential of the livestock species (22).
Indigenous breeds that have evolved in tropical and subtropical
regions have a higher adaptive capacity to such stress than exotic
breeds. The South African indigenous Windsnyer pigs had better
thermoregulatory mechanisms than the large white pigs of the
temperate region in the semiarid climate of South Africa (23).
Indian breeds of cattle such as Bos indicus perform well as
compared to exotic cattle such as Bos taurus under stressful
tropical environments (24). These are some examples of unique
adaptive characteristics of the indigenous breeds, which evolved
in stressful tropical environments enabling them to survive
adverse environments. Therefore, it was hypothesized that
indigenous pigs (Niang Megha) have better thermoregulatory
mechanisms under changing climatic conditions of this region
than exotic or crossbred pigs.

The objective of this study was set out to investigate the
physiological, behavioral, and serum biochemical changes in
response to thermal stress challenges in indigenous, crossbred,
and exotic breeds of pigs.

Materials and methods

Location of the study

The present study was carried out in a pig farm of ICAR
Research Complex for NEH Region, Umiam, Meghalaya. The
study site is located at 25° 41" 21" N latitude and 91° 55 25"
E longitude with an altitude of 1,010 m above the mean sea level
which falls in humid subtropical high rainfall area and receives
rain in the range from 2,239 mm to 2,953 mm annually. In this
region, the hottest months are usually July and August, while the
coldest months are December and January.

Meteorological measurements
The meteorological data were collected from the Division

of System Research and Engineering (DSRE) of the institute
during the experimental months. The temperature humidity
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index (THI) was calculated for each season using the formula,
THI = 0.8T+ (RHT-14.4)/100 + 46.4 (25). The thermoneutral
zone for a pig is between 18 and 20°C (26). The THI value <75
means no stress, 75 to 78 stressful, and >78 extreme stress (27).
The THI value of 79-83 is considered danger, and exceeding this
causes severe stress and death (28).

Experimental animals and experimental
design

Two experiments were conducted separately for summer
(July-August) and winter (December-January) to study the
effect of heat stress (summer) and cold stress (winter) on
three genotypes of pigs, namely, indigenous (Niang Megha),
Hampshire, and crossbred (having 75% Hampshire and 25%
Niang Megha inheritance). Niang Megha is a registered
indigenous pig breed of Meghalaya in India (accession no.:
INDIA_PIG_1300_NIANGMEGHA_09002), with a small body
size at maturity, having dense and long hairs and known
for being better adapted to its native climatic conditions.
Crossbred pig used in the present study is a crossbred pig
variety called “Lumsniang” developed in the ICAR Research
Complex for the Northeastern Hill Region, Meghalaya, for
better adaptability and performance in the hill ecosystem of
the Eastern Himalaya region. Six grower pigs (5-6 months)
from each genetic group were selected for each experiment. The
experimental animals were maintained in the pen system of
housing and fed with balanced concentrate mesh feed two times
daily and drinking water was provided ad libitum throughout
the period. The experimental pigs were maintained under the
standard and uniform managemental conditions. The animals
were dewormed on a routine basis and regularly vaccinated. The
welfare of the pigs was protected, and the study was approved by
the Institutional Animal Ethics Committee (IAEC).

Physiological responses to summer and
winter

Physiological parameters including rectal temperature (TR),
skin surface temperature (Tgg), heart rate (HR), and respiration
rate (RR) were recorded at 0,900 and 1,600 h weekly once for 2
months for each season, and the mean values were considered.
Rectal temperature was recorded by inserting a clinical digital
thermometer into the rectum of the pigs with proper restraining
to avoid stress. The measurement for skin surface temperature
was taken at the lumbar region of the pig using an infrared
thermal imager Testo 875i (Testo India Pvt. Ltd., Pune, India).
The emissivity of 0.95 was taken as the standard emissivity of
the pig body surface in the study. Heart rate was determined
by counting the number of heartbeats per minute using a
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stethoscope. Respiration rate was taken when the pig was at the
resting phase by visual observation of flank movement to detect
breaths per minute. All the parameters were taken by two trained
personnel for all the experimental animals to avoid variation
between individuals.

Behavioral response to summer and
winter

Behavioral mechanisms associated with heat and cold stress
were observed in summer and winter, respectively. The pigs
were monitored for different lying positions, such as huddling,
shivering, standing, wallowing, and physical activity, by using
CCTYV video cameras. A total of six CCTV video cameras were
used for this study. The thermoregulatory behavior patterns
of each genetic group were recorded for 60 days in both the
seasons. The duration (min) and frequency (%) for each activity
during 24 h (from 6.00 a.m. until 6.00 a.m. of the next day) for 8
days were taken weekly once (for 8 weeks) in each season from
pre-recorded videos for each animal.

Serum biochemical changes in response
to summer and winter

Blood samples were collected from all the experimental
animals separately at 15-day interval during two experimental
seasons. Five milliliters of blood samples was aseptically
collected before feeding in the morning by venipuncture
of the anterior vena cava using sterilized plastic disposable
syringes from each animal. The collected samples were
immediately transferred to a sterile serum separator vacutainer
tube (Becton Dickinson, Franklin, USA), allowed to clot,
and then centrifuged at 3,000 rpm for 15min at room
temperature. During blood collection, pigs were handled
very carefully to avoid handling stress, and the experimental
animals were restrained in the ventro-dorsal position. The
collected sera samples were stored at —20°C until further
analysis. To assess the metabolic and serum biochemical
changes in grower pigs in response to heat stress (summer)
and cold stress (winter), commercially available kits were used
to analyze the following parameters: alkaline phosphatase
(ALP), (T4), dismutase
(SOD), alanine (ALT),
and cortisol. All the parameters were estimated as per the

insulin, thyroxine superoxide

acid phosphatase, transaminase

manufacturer’s instruction.

Statistical analysis

The
biochemical parameters in different genetic groups and

data on physiological, behavioral, and serum
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between the seasons were analyzed by comparing the
means through multivariate analysis of variance (ANOVA).
The
using log 10 to normalize it before analysis. The mean
of different different
and between the were tested for

data on behavioral activities were first transformed

differences genetic  groups for

parameters seasons
statistical significance (at a 5% level of significance) by
Duncan’s multiple range test (DMRT) using SPSS version 22.0

statistical software.

Results

Meteorological measurements

The maximum and minimum temperature, relative
humidity, and temperature humidity index for the study
period are presented in Table 1. The present study recorded
a maximum THI of 93-96 and a minimum THI of 73-79
during the summer months. Similarly, a maximum THI of
83-87 and a minimum THI of 53-63 were recorded during
winter. The highest temperature, relative humidity, and THI
were recorded in the months of June (temp. 29.3°C, RH 86%,
THI 95.89) and July (temp. 29.70°C, RH 88.90 %, THI 96.47)
during the study period. The lowest temperature, relative
humidity, and THI were recorded in January (temp. 5.50°C,
RH 44.6%, THI 53.11) and February (temp. 8°C, RH 40.8%,
THI 55.92).

Physiological measurements

Physiological measurements of different genetic groups
during summer and winter are presented in Table 2. In the
summer season, indigenous pigs had significantly lower (p <
0.05) Tr with no significant difference between Hampshire
and crossbreed pigs. Skin surface temperature was significantly
higher (p < 0.05) in Hampshire with no significant difference
between indigenous and crossbred pigs. There were significant
differences in RR and HR among the genetic groups.
Indigenous pigs had significantly lower (p < 0.05) RR and
HR followed by crossbred pigs and the highest was recorded
in Hampshire.
the there
differences in Tr and Tgs among the genetic groups.
Although RR was significantly higher (p < 0.05) in
Hampshire, but had no significant (p < 0.05) difference

In winter season, were no signiﬁcant

between indigenous and crossbred pigs. Heart rate had
a significant (p < 0.05) difference among the genetic
groups. Hampshire had significantly higher (p < 0.05) HR
followed by indigenous, and the lowest was recorded in
crossbred pigs.

Frontiersin Veterinary Science

04

10.3389/fvets.2022.1034635

Behavioral mechanisms response to
summer and winter

Different behavioral mechanisms were observed among the
genetic groups when exposed to heat and cold stresses in the
experimental animals (Table 3). Hampshire showed significantly
(p < 0.05) higher duration and frequency of lateral and half-
lateral lying positions in both the seasons followed by crossbred
and indigenous pigs, while the duration and frequency of
sternal lying were significantly (p < 0.05) higher in indigenous
pigs followed by crossbred and Hampshire pigs. Similarly,
indigenous pigs showed higher duration and frequency of
standing and physical activity in both the seasons. Wallowing
behavior was observed only in the summer season, while
huddling and shivering behavior were observed in the winter
season in all the genetic groups. Wallowing and shivering
thermogenesis behavior were observed significantly (p < 0.05)
highest in Hampshire followed by crossbred pigs during heat
and cold stresses, respectively, whereas huddling behavior was
observed significantly (p < 0.05) highest in indigenous pigs
followed by crossbred pigs during cold stress.

Serum biochemical response to summer
and winter

The serum biochemical responses to heat and cold stresses
are presented in Table 4. The result revealed that during heat
stress, the serum concentrations of alkaline phosphatase (ALP)
and thyroxine (T4) were significantly (p < 0.05) higher in
indigenous pigs followed by crossbred and Hampshire. Among
different genetic groups, the serum insulin level was significantly
(p < 0.05) higher in indigenous pigs; however, there was no
significant difference between crossbred and Hampshire. The
serum concentrations of alanine transaminase (ALT) differed
significantly (p < 0.05) among different genetic groups. It
was significantly (p < 0.05) higher in crossbred followed by
Hampshire and indigenous pigs. The activity of superoxide
dismutase (SOD) and acid phosphatase showed no significant
difference among the genetic groups during heat stress. The
cortisol level was significantly (p < 0.05) lowest in indigenous
pigs followed by crossbred and highest in Hampshire during
heat stress.

Similarly, during cold stress the serum concentrations
of alkaline phosphatase (ALP) and thyroxine (T4) were
significantly (p < 0.05) higher in indigenous pigs followed by
crossbred and Hampshire. The serum insulin levels and ALT
concentrations were significantly (p < 0.05) different among
the genetic groups. The insulin levels were recorded highest in
Hampshire followed by crossbred and indigenous pigs; however,
the ALT concentrations were recorded highest in crossbred pigs
followed by Hampshire and indigenous pigs. No significant
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TABLE 1 Maximum and minimum temperature, relative humidity, and THI recorded during experimental period.

Season Months Temperature (°C) R.H (%) THI
Max Min Max Min Max Min
Summer July 29.70 21.40 88.90 76.00 96.42 79.64
August 28.00 20.90 90.50 77.30 94.00 79.13
Winter December 22.90 8.60 86.40 54.70 84.36 57.84
January 22.10 5.50 85.90 44.60 82.92 53.11
R.H, relative humidity; THI, temperature humidity index.
TABLE 2 Means + SE for physiological parameters of indigenous, Hampshire, and crossbred pigs during the study period.
Physiological parameters Seasons Indigenous Hampshire Crossbred
(n=6) (n=6) (n=6)
Rectal temperature (°C) Summer 38.32 + 0.06* 39.39 +0.02° 39.10 + 0.05°
Winter 38.04 £+ 0.07* 38.59 +0.12 38.49 + 0.06*
Skin surface temperature (°C) Summer 28.49 £ 0.03* 30.514+0.3° 28.35+0.03*
Winter 21.66 £ 0.04* 21.58 +0.5% 21.64 + 0.06*
Respiratory rate (breaths/min) Summer 2242 40.13% 34.42 £ 0.06" 27.67 £0.11¢
‘Winter 17.17 £ 0.9* 20.17 £ 0.09" 17.83 £0.17*
Heart rate (bpm) Summer 62.75+0.17* 76.58 + 0.15° 64.58 +0.18°
Winter 55.42 + 0.08* 63.25 + 0.08" 52.75 £ 0.12¢

Values are the average of measurements taken at different times (0,900 and 1,600 h for 4 days) of the day during each season. *~“Values in the same row with different superscripts differ

significantly (p < 0.05).

difference in SOD and acid phosphatase was observed among
the genetic groups. The cortisol level was significantly (p < 0.05)
higher in Hampshire with no significant difference between
indigenous and crossbred pigs.

Discussion

It is important to know that pigs are susceptible to heat and
cold stresses. The present study revealed that the microclimate
conditions of the present study location cause heat stress and
cold stress in pigs during the summer and winter seasons,
respectively. The maximum and minimum THI values during
the summer season were above the established normal THI
values of 75 or less for pigs (27). The THI values observed in the
current study were those that have previously been reported to
cause extreme stress in pigs and may even be fatal (27, 28). The
primary response of animals under thermal stress is an increase
in respiration rate, rectal temperature, and heart rate (29). Rectal
temperature is a delayed indicator of heat stress only responding
when the temperature is over 27°C or the THI is >80 (30, 31). In
the present study, Hampshire and crossbred pigs had higher T
during heat stress than indigenous pigs. Given that an increase
in TR is an indication of heat stress, higher TR in Hampshire
and crossbred pigs may indicate that they are more susceptible
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to heat stress. This is confirmed by the previous study, where
pigs exposed to heat stress had a higher rectal temperature (32).
While lower TR in indigenous pigs suggest that indigenous pigs
might have a better thermoregulatory mechanism to dissipate
heat from the body. Tr for indigenous and exotic pigs under
heat stress, however, did not differ according to some studies
(23, 33). During heat stress, Hampshire pigs were found to
have higher Tsg than indigenous and crossbred pigs, which may
indicate that they are more susceptible to heat stress. Elevated
Tgg with an increase in ambient temperature was reported
in pigs (23). Furthermore, exposure of ruminants to high
environmental temperature also increased skin temperature
(34), documented in Nguni and Boran cattle breeds (35) and
Osmanabadi goats (36). This higher Tgg might be directly
attributable to the vasodilatation of the skin capillary bed, which
would enhance blood now to the cutaneous blood vessels,
allowing more efficient heat transfer to the surroundings and
sensible heat loss (36). The fact that indigenous and crossbred
pigs had lower Tss may be related to their long hair and
high hair density, which serve as insulation and reduce heat
loss, as demonstrated by Silanikove (30). Stress triggers the
hypothalamus, which enhances respiratory activity to speed up
heat escape from the body through respiratory evaporation (37).
In animals, there is a correlation between respiration rate and the
surrounding temperature and microenvironments (28). Thus,
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TABLE 3 Means =+ SE for behavioral parameters of indigenous, Hampshire, and crossbred pigs in response to heat and cold stress observed under a CCTV video camera during the experimental period.

Behavioral parameters Season Duration (minutes/day) Frequency/day (%)
Indigenous (n = 6) Hampshire (n = 6) Crossbred (n = 6) Indigenous (n = 6) Hampshire (n = 6) Crossbred (n = 6)
Lateral lying Summer 204.02 + 1.99° 613.69 + 1.58" 453.69 + 0.67¢ 14.17 4+ 0.14* 42,62 +0.11° 3151 + 0.05¢
Winter 284.96 + 0.57° 396.69 + 1.43 353.54 + 0.51¢ 19.79 4 0.04* 2755+ 0.1° 24.55 + 0.04°
Sternal lying Summer 364.38 + 2.08° 105.38 & 1.52° 215.19 + 1.24¢ 2330 £ 0.14° 7.3240.11° 14.94 4 0.09°
Winter 152.54 & 0.57* 101.42 4 145" 147.06 = 0.85 10.59 4 0.04* 7.04+0.1° 10.21 = 0.06*
Half lateral lying Summer 81.83 + 1.82° 310.63 + 0.00 202.35 + 1.35¢ 5.68 = 0.13* 21.57 £ 0.27 14.05 4 0.09°
Winter 77.38 £ 0.62° 119.88 & 1.04° 111.42 4 0.43° 5.37 + 0.04* 8.32 £ 0.07° 7.74 £ 0.03¢
Huddling Summer - - - - - -
Winter 404.52 + 0.64° 380.73 + 0.97° 401.42 +0.92¢ 28.09 = 0.04* 26.44 + 0.07° 27.88 = 0.06°
Shivering Summer - - - - - -
Winter 79.69 + 0.44° 146.27 £ 1.31° 120.79 4 0.93¢ 5.53 +0.30° 10.16 & 0.09 14.19 4 5.41°
Standing Summer 41135 + 4.92° 92.19 + 3.24° 20523 + 1.25¢ 28.57 + 0.34° 6.40 £ 0.23° 14.25 4 0.09°
Winter 99.88 + 2.02* 55.15 4 1.76° 60.94 + 1.30° 6.94 + 0.14* 3.83+£0.12° 7.43 +3.01°
Wallowing Summer 105.79 = 1.59* 180.44 + 2.38" 140.25 4 1.33° 7.35 4 0.11° 12.53 £ 0.17° 9.74 4 0.09¢
Winter - - - - - -
Physical activity Summer 272.63 + 1.64° 137.69 4 1.02° 22329 +0.38¢ 18.93 £ 0.11* 9.56 + 0.07° 15.51 + 0.03¢
Winter 341.04 + 1.14° 239.88 + 0.66" 244.83 +2.16° 23.68 + 0.08° 16.66 4 0.05 17 +0.15¢

(=9 Values in the same row with different superscripts differ significantly (p < 0.05).
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when animals are exposed to high ambient temperatures, they
have an increased rate of respiration and perspiration (31).
However, it was well-documented that porcine sweat glands are
non-functional (19). Respiration rate is the first sign of heat
stress and can be affected by temperatures as low as 21.3°C (31)
or a THI of 73 (30). In the present study, RR of indigenous
and crossbred pigs was within the normal range, that is, 15-
30 breaths per minute as reported by Silanikove (30); however,
it was higher than the normal range during heat stress in
Hampshire, suggesting the susceptibility to heat stress. Among
the genetic groups, higher RR in Hampshire and crossbred
pigs during heat stress in the study could be the mechanism
to dissipate more heat from the body by evaporating to the
surrounding. Our finding of lower respiratory rate of indigenous
pigs when exposed to heat stress corroborates with the finding
of Moyo (38) in indigenous Windsnyer pigs of South Africa,
which might be due to better adaptability of indigenous pigs
to the agroclimatic condition of the region. An increase in RR
was also reported in pigs exposed to high heat load (23, 39)
and various cattle breeds (40). Heart rate is a stress marker
that can be changed in response to thermal stress. Hampshire
had higher HR than indigenous and crossbred pigs during heat
stress, and this could be an attempt to dissipate excess heat to its
surroundings by increasing blood flow to its peripheral tissues.
A similar observation was earlier observed and documented
by Madzimure et al. (23) who reported higher HR in large
white than in indigenous Windsnyer pig in South Africa. Similar
findings were also reported in sheep breeds reared in the Indian
semiarid regions (41) and in other farm animals (36).

In the winter season, the temperature reaches a minimum
of 5.5°C in the study location, which is below the lower limit
of the thermoneutral zone (18-20°C) for a pig (26). Although
pigs are susceptible to cold stress, there was not much variation
in the physiological parameters during cold stress among the
genetic groups. Pigs have a thick subcutaneous adipose tissue
layer, which is attributed to maintain their normal physiological
parameters during cold stress. Previous research has shown that
when pigs are exposed to low temperature, they may increase
heat production through muscular shivering thermogenesis
(42), conserve heat through changing posture to reduce the body
surface exposed to cold (43), build nests, huddling together, and
select favorable microhabitats (42, 44). Similarly, on exposure
to cold temperature, increased physical activity, huddling, and
shivering were observed in the present study. Increased physical
activity and huddling were observed highest in indigenous pigs
followed by crossbred and Hampshire, while shivering was
observed highest in Hampshire followed by crossbred pigs.
Similarly, huddling together in cold temperature was observed
in indigenous pigs (Windsnyer and Kolbroek) of South Africa
(38). Increased physical activity was reported in large white
(38) and crossbred (large white x Pietrain) pigs (45), which is
contrary to the present study observation where it is highest in
indigenous pigs.
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Less time in standing and sitting and more time in lying
postures in comparison with control during the cooling phase
after the pigs are exposed to high temperature are reported
in cooled sow (46). Similarly, more time in lying postures
was observed during heat stress than cold stress and the
highest lying behavior was observed in Hampshire followed
by crossbred in the entire present study. Heat-stressed sows
have been observed to show reduced standing posture (47) and
consistently increase lying postures, especially lying laterally
(48). Similarly, less standing time and more laterally lying
posture were observed during heat stress, and the highest
was observed in Hampshire followed by crossbred in the
present study. Lying laterally appears to be a strategical posture
when pigs suffer from heat stress, which is due to the skin
surface in contact with the floor, which is greater than any
other posture, enhancing heat loss through conduction (48).
Reduced overall activity is one of the behavioral strategies
used to help animals cope with heat stress. Physical activity
was significantly reduced in heat stress in all the genotypes.
Among the genetic groups, physical activity was observed
highest in indigenous followed by crossbred than in Hampshire
in both the seasons. Wallowing and standing behavior is one
of the adaptive behavioral mechanisms to dissipate heat and
reduce heat stress. When the heat load increased, animals
spent more time standing to maximize heat dissipation by
increasing the surface area of the skin exposed to air or
wind flow (49). Standing behavior was observed highest in
indigenous pigs, whereas wallowing behavior was highest in
Hampshire. Pigs wallow for a variety of reasons, including
cooling and protection from solar radiation and preventing
attacks from insects (50). Wallowing allows pigs to lose heat
more effectively during hot weather than sweating as well as
during cold conditions; mud acts as insulation, allowing them
to keep their body warm (14). However, wallowing behavior
was not observed in all groups during the cold season in
the present study as they are kept in an intensive system of
rearing. Similar to previous findings, in this present study
as well-different behavioral responses to conserve heat or
dissipate heat during the cold and hot seasons were observed.
In this study, indigenous pigs exhibited increased physical
activity to generate body heat and huddled together in an
attempt to conserve heat. On the contrary, Hampshire pigs
attempt to increase heat production by shivering thermogenesis.
Similarly, indigenous pigs showed the increased standing
time to dissipate heat, while Hampshire and crossbred pigs
presented a higher time of wallowing and reduced physical
activity to reduce heat production. The fact that Hampshire
and crossbred pigs spent more time in lying and wallowing
could indicate that they were attempting to cool down to a
comfortable temperature through evaporative cooling. However,
physical activity was significantly higher and wallowing
behavior was significantly lower in indigenous pigs followed
by crossbred pigs. These behavioral responses indicate better
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TABLE 4 Means =+ SE of indigenous, Hampshire, and crossbred pigs for serum biochemical parameters during the study period.

Parameters Seasons Indigenous (n = 6) Hampshire (n = 6) Crossbred (n = 6)
Alkaline phosphatase (ng/ml) Summer 8.4140.12* 3.56 +0.01° 5.41 % 0.03¢
Winter 6.46 £ 0.03° 1.66 + 0.05" 3.48 £ 0.06°
Alanine transaminase (U/1) Summer 22.16 £ 0.03* 28.26 = 0.04° 38.23 +0.13¢
Winter 13.72 £ 0.03* 17.88 + 0.4° 19.47 £+ 0.09¢
Insulin (LIU/ml) Summer 7.01 +0.11° 418 +0.1° 4.8 40.04°
Winter 5.48 £ 0.03° 12.48 £ 0.05" 7.42 £ 0.03¢
T4 (ng/ml) Summer 38.64 £0.27* 5.52 = 0.06" 18.08 £ 0.04¢
Winter 45.64 4+ 0.25% 11.64 + 0.04° 26.64 +0.11¢
SOD (U/1) Summer 1.91 & 0.05 1.73 £0.03 1.86 + 0.06
Winter 1.83 4 0.60 1.54 4 0.01 1.79 £ 0.03
Acid phosphatase (jumol/min/ml) Summer 0.042 £ 0.00 0.12£0.01 0.049 £ 0.00
Winter 0.07 & 0.05 0.09 & 0.00 0.026 £ 0.01
Cortisol (ng/ml) Summer 28.5+0.15* 56.8 4 0.07° 40.2 £ 0.02¢
Winter 27.64 £ 0.01° 47.8 +0.02° 28.3 4+ 0.24°

@=9Values in the same row with different superscripts differ significantly (p < 0.05).

homeostasis and adaptability of indigenous and crossbred pigs
than Hampshire.

This study demonstrates that most of the metabolic and
serum biochemical activities were influenced by thermal stress.
Some metabolic enzymes increase their activity when exposed
to high ambient temperatures. Among other enzymes, alanine
aminotransferase (ALT) is one of the important metabolic
enzymes that increased its activity when exposed to stress as
frequently reported by several researchers. The increased activity
of these enzymes was reported in goats (51), sheep (52), and
pig (53, 54) during exposure to heat stress. A similar finding
was observed in the present study. According to Banerjee et al.
(55), an increase in the activity of this enzyme is related to
the higher adaptive capability of the animals to cope with
heat stress. It was also reported that ALT activity increases
during stress (56), such as increased after severe exercise in
humans (57) and restraint in rats (58). The enzyme activity of
ALT was observed highest in Hampshire followed by crossbred
pigs, suggesting that Hampshire pigs are more susceptible to
stress than indigenous and crossbred pigs of this region. Acid
phosphatase (ACP) and alkaline phosphatase (ALP) are two
key enzymes involved in animal metabolism. The levels of
these enzymes are generally low in heat-stressed animals, which
could be attributed to a metabolic shift in the animals (51).
Several investigations have reported a decrease in ALP activity
in heat-stressed animals (53, 59), including pigs (60), which
is contradictory to our present finding. Why ALP activity is
higher during summer than winter in the present study is not
known. It is thought that reduced ALP activity is attributed to
reduce the functioning of the liver during heat stress exposure
(61). The present observation revealed that the activity of
serum ALP was highest in indigenous followed by crossbred
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pigs and lowest in Hampshire during the study periods.
However, acid phosphatase did not differ significantly among
genotypes in the present study. The above observations could
suggest that indigenous pigs and crossbred are more resilient
and have better adaptability to different climatic conditions
than Hampshire.

The blood insulin concentration directly reflects the energy
status of the animal to sustain production under extreme
environmental conditions (62). An increase in basal and
stimulated circulating insulin has been reported in a variety of
species (63), including pigs (64), during heat stress. Ironically,
Sejian et al. (17) reported a significant reduction in the insulin
level after thermal exposure in goats. Similarly, we observed a
higher level of insulin in indigenous pigs, which is inconsistent
with the earlier findings (63, 64) and lower level of insulin
in Hampshire and crossbred pigs (17) during heat stress. This
difference in the level of insulin could be due to their nutritional
status. A reduction in the level of insulin in Hampshire and
crossbred pigs could be due to heat stress and resulted in
reduced feed intake, as reported by Sejian et al. (65), and
there was a significant reduction in the insulin level when
thermal stress was combined with restricted feeding. Our
findings also showed that exposure to a cold environment
significantly reduced the level of insulin in indigenous pigs,
but significantly increased in Hampshire and crossbred pigs. In
rats, cold exposure decreased insulin secretion (66), stimulating
the insulin signaling pathways in the brown adipose tissues for
utilizing energy for thermogenesis (67). However, the increased
level of insulin in Hampshire and crossbred pigs when exposed
to a cold environment could be due to increased feed intake and
elevated glucose concentration in the body, which stimulates the

release of insulin.
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The thyroid gland is extremely sensitive to temperature
changes in the environment (68). Proper thyroid gland function
and thyroid hormone activity are thought to be essential
for domestic animals to maintain productive performance
(69). Increased secretion of thyroid hormone increases body
metabolism and hence heat production (28). Various researchers
have reported a decrease in thyroid hormone (T4 and T3) blood
concentrations in diverse species when exposed to heat stress
(70, 71) including pigs (28). The serum concentrations of T4 and
T3 were higher in cold stress than in heat stress conditions (52).
The previous findings support the finding of the present study in
that the serum concentration of T4 was shown to be significantly
lower during heat stress. Reduced concentrations of circulating
T3 and T4 have been reported in heifers (72), sheep (73), and
goat (69), suggestive of an attempt to reduce metabolic rate
and thus metabolic heat production. Overall, during the study
periods, indigenous pigs demonstrated a significantly higher
T4 serum concentration than either of the other genotypes.
The lower level of T4 in Hampshire and crossbred pigs might
indicate that they are more prone to cold and heat stresses than
that in indigenous pigs. When an animal is exposed to heat,
reduced food intake and metabolism slow down, which leads
to negative energy balance and results in hypofunction of the
thyroid gland (74). Consequently, Sejian et al. (17) reported a
decrease in the level of thyroid hormones (T3 and T4) in stressed
animals. In the present study, higher thyroid hormone (T4)
secretion may be indicative of the superior adaptive capability
of indigenous pigs to the different climatic conditions of
this region.

Antioxidants, such as SOD and glutathione peroxidase, can
efficiently eliminate reactive oxygen species (ROS) from the
intracellular environment by detoxifying them (75). During hot
and cold climate, there is an increase in the rate of reactive
oxygen species (ROS) production leading to the activation
of antioxidant enzymes to scavenge the ROS (76). Some
researchers have also observed higher activity of SOD as a
marker of oxidative stress in various species during hot ambient
temperature (77). However, lower activity of SOD during
heat stress pig was documented by Yang et al. (78). Kataria
and Kataria (76) reported significantly higher activity of SOD
during hot and cold environments as compared to moderate
environment. However, in the present study, the enzymatic
activity of SOD did not show a significant alteration among the
genotypes during thermal stress.

The detection of cortisol is one of the most widely used
methods to assess stress in animals. It has proven to be a
major stress hormone and a reliable indicator of stress (79).
An increase in circulating cortisol concentrations caused by the
activation of the hypothalamic-pituitary—adrenal axis is one of
the most frequent and general responses of an animal to stressful
situations (30). An increase in serum cortisol levels is related to
the increase in adrenocortical activity, a characteristic linked to
the activation of the autonomic nervous system by stress (80).
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Therefore, higher serum cortisol concentrations in Hampshire
during the study periods suggest that they are more vulnerable
to heat and cold stresses. It was also observed that there was
a significant increase in serum cortisol concentrations during
summer in crossbred pigs, suggestive of heat stress. Similarly,
higher cortisol level in heat-stressed pig was reported from arid
tracts in Rajasthan, India (81). However, indigenous pigs of
this region maintained the serum cortisol concentrations during
thermal stress. The findings indicate that the climatic conditions
of this region are stressful to Hampshire and crossbred pigs than
indigenous pigs of this region.

Conclusion

The results suggest that indigenous pigs had better
adaptability to heat and cold stresses than Hampshire and
crossbred pigs. The superior tolerance to thermal stress of
indigenous pigs was associated with an ability to maintain their
physiological and behavioral activities. Behavioral activities to
heat loss or conserve heat such as shivering and wallowing were
lower in indigenous pigs, but higher physical activity during
thermal stress. The better adaptability is also related to higher
metabolic activity, which is shown by higher T4 activity and
lower serum cortisol concentrations. Also, the better adaptability
of indigenous pigs might be due to their unique anatomical
features such as small body size, short legs, and long and dense
bristles. Further detailed studies need to be carried out for a
better understanding of the thermoregulatory mechanism of
indigenous pigs and identifying the gene responsible for the
resilient traits and developed adaptation signature that will be
useful for the mainstreaming in the breeding program under
changing climatic conditions.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The animal study was reviewed and approved by
Institutional Animal Ethics Committee (IAEC), ICAR Research
Complex for NEH Region, Umiam, Meghalaya, India.

Author contributions

Conception, design of study, and interpretation were done
by KG. Data collection and analysis were performed by CG
and NSS. The manuscript was drafted by CG, NSS, and KG.
Critical revision of the manuscript was done by NMS. All

frontiersin.org


https://doi.org/10.3389/fvets.2022.1034635
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Govindasamy et al.

authors contributed to the manuscript revision and have read
and approved the final manuscript.

Funding

This research was funded by the Indian Council of
Agricultural Research (ICAR) under the National Innovation on
Climate Resilient Agriculture (NICRA) project.

Acknowledgments

The authors thankfully the National

Innovation on Climate Resilient Agriculture (NICRA) project,

acknowledge

Indian Council of Agricultural Research (ICAR), for providing
funding and facilities to conduct the research.

References

1. Mao AA, Hynniewta TM, Sanjappa M. Plant wealth of Northeast India with
reference to ethnobotany. Indian ] Tradit Knowl. (2009) 8:96-103. Available online
at: http://www.niscair.res.in/sciencecommunication/researchjournals/rejour/ijtk/
ijtko0.asp

2. Chakraborty R, De B, Devanna N, Sen S. North-East India an ethnic storehouse

of unexplored medicinal plants. ] Nat Prod Plant Resour. (2012) 2:143-52. Available
online at: http://scholarsresearchlibrary.com/archive.html

3. Chatterjee S, Saikia A, Dutta P, Ghosh D, Pangging G, Goswami, AK.
Background paper on “Biodiversity significance of North East India” for the study
on natural resources, water and environment nexus for development and growth
in North Eastern India. In: WWF-India, New Delhi, (2006). p. 1-71.

4. Kumar A, Staal S, Elumalai K, Singh DK. Livestock sector in North-Eastern
region of India: an appraisal of performance. Agric Econ Res Rev. (2007) 20:255-72.

5. Borah M, Halim RA. Dynamics and performance of livestock and poultry
sector in India: a temporal analysis. J Acad Ind Res. (2014) 3:1-9.

6. Godber OF Wall R. Livestock and food security: vulnerability to
population growth and climate change. Glob Change Biol. (2014) 20:3092—
102. doi: 10.1111/gcb.12589

7. 20th The Livestock Census. Department of Animal Husbandry, Dairying and
Fisheries, Ministry of Agriculture, New Delhi (2019).

8. Karunakaran M, Mondal M, Rajarajan K, Karmakar HD, Bhat BP, Das
J, et al. Early puberty in local Naga boar of India: assessment through
epididymal spermiogram and in vivo pregnancy. Anim Reprod Sci. (2009) 111:112-
9. doi: 10.1016/j.anireprosci.2008.02.009

9. Mohan NH, Debnath S, Mahapatra RK, Nayak LK, Baruah S, Das A, et al.
Tensile properties of hair fibres obtained from different breeds of pigs. Biosyst Eng.
(2014) 119:35-43. doi: 10.1016/j.biosystemseng.2014.01.003

10. Theusme C, Avendaro-Reyes L, Macias-Cruz U, Correa-Calderén A, Garcia-
Cueto RO, Mellado M, et al. Climate change vulnerability of confined livestock
systems predicted using bioclimatic indexes in an arid region of México. Sci Total
Environ. (2021) 751:141779. doi: 10.1016/j.scitotenv.2020.141779

11. Gaughan JB. Basic Principles Involved in Adaption of Livestock to Climate
Change. In Environmental Stress and Amelioration in Livestock Production. Berlin,
Heidelberg: Springer (2012). p. 245-61.

12. Pragna P, Sejian V, Soren NM, Bagath M, Krishnan G, Beena V, et al.
Summer season induced rhythmic alterations in metabolic activities to adapt
to heat stress in three indigenous (Osmanabadi, Malabari and Salem Black)
goat breeds. Biol Rhythm Res. (2018) 49:551-65. doi: 10.1080/09291016.2017.13
86891

13. Mirkena T, Duguma G, Haile A, Tibbo M, Okeyo AM, Wurzinger M, et al.
Genetics of adaptation in domestic farm animals: a review. Livest Sci. (2010)
132:1-2. doi: 10.1016/j.livsci.2010.05.003

Frontiersin Veterinary Science

10

10.3389/fvets.2022.1034635

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

14. McGlone J]. Managing heat stress in the outdoor pig breeding herd. In: Ina
Symposium on Outdoor Pig Production in Brazil (1999).

15. Mmereole FUC. The effects of replacing groundnut cake with rubber seed
meal on the haematological and serological indices of broilers. Int ] Poult Sci. (2008)
7:622-4. doi: 10.3923/ijps.2008.622.624

16. Sejian V, Singh AK, Sahoo A, Naqvi SM. Effect of mineral mixture and
antioxidant supplementation on growth, reproductive performance and adaptive
capability of m alpura ewes subjected to heat stress. | Anim Physiol Anim Nutr.
(2014) 98:72-83. doi: 10.1111/jpn.12037

17. Sejian V, Maurya VP, Naqvi SM. Adaptive capability as indicated by endocrine
and biochemical responses of Malpura ewes subjected to combined stresses
(thermal and nutritional) in a semi-arid tropical environment. Int | Biometeorol.
(2010) 54:653-61. doi: 10.1007/s00484-010-0341-1

18. Ingram DL, Legge KF. Variations in deep body temperature in the
young unrestrained pig over the 24-hour period. J Physiol. (1970) 210:989-
98. doi: 10.1113/jphysiol.1970.sp009253

19. Zumbach B, Misztal I, Tsuruta S, Sanchez JP, Azain M, Herring W, et al.
Genetic components of heat stress in finishing pigs: parameter estimation. ] Anim
Sci. (2008) 86:2076-81. doi: 10.2527/jas.2007-0282

20. Algers BM, Sanaa T, Nunes B, Wechsler HAM, Spoolder MC, Meunier-Salaun
LJ. Scientific report on animal health and welfare aspects of different housing and
husbandry systems for adult breeding boars, pregnant, farrowing sows and weaned
piglets. EFSA J. (2007) 572:1-107. doi: 10.2903/j.efsa.2007.572

21. Huynh TT, Aarnink AJ, Truong CT, Kemp B, Verstegen MW. Effects of
tropical climate and water cooling methods on growing pigs’ responses. Livest Sci.
(2006) 104:278-91. doi: 10.1016/j.livsci.2006.04.029

22. Rashamol VP, Sejian V, Bagath M, Krishnan G, Archana PR, Bhatta R.
Physiological adaptability of livestock to heat stress: an updated review. ] Anim
Behav Biometeorol. (2020) 6:62-71. doi: 10.31893/2318-1265jabb.v6n3p62-71

23. Madzimure J, Chimonyo M, Zander KK, Dzama K. Diurnal heat-related
physiological and behavioural responses in South African indigenous gilts. J Arid
Environ. (2012) 87:29-34. doi: 10.1016/j.jaridenv.2012.05.010

24. Niyas PA, Chaidanya K, Shaji S, Sejian V, Bhatta R. Adaptation
of livestock to environmental challenges. J Vet Sci Med Diagn. (2015)
4:2. doi: 10.4172/2325-9590.1000162

25. Mader TL, Davis MS, Brown-Brandl T. Environmental factors influencing
heat stress in feedlot cattle. ] Anim Sci. (2006) 84:712-9. doi: 10.2527/2006.843712x

26. Wathes C, Whittemore C. Environmental management of pigs. In:
Whittemore CT, Kyriazakis I, editors. Whittemores Science and Practice of
Pig Production. 3rd ed. Oxford: Blackwell Publishing (2006). p. 533-92.
doi: 10.1002/9780470995624.ch17

frontiersin.org


https://doi.org/10.3389/fvets.2022.1034635
http://www.niscair.res.in/sciencecommunication/researchjournals/rejour/ijtk/ijtk0.asp
http://www.niscair.res.in/sciencecommunication/researchjournals/rejour/ijtk/ijtk0.asp
http://scholarsresearchlibrary.com/archive.html
https://doi.org/10.1111/gcb.12589
https://doi.org/10.1016/j.anireprosci.2008.02.009
https://doi.org/10.1016/j.biosystemseng.2014.01.003
https://doi.org/10.1016/j.scitotenv.2020.141779
https://doi.org/10.1080/09291016.2017.1386891
https://doi.org/10.1016/j.livsci.2010.05.003
https://doi.org/10.3923/ijps.2008.622.624
https://doi.org/10.1111/jpn.12037
https://doi.org/10.1007/s00484-010-0341-1
https://doi.org/10.1113/jphysiol.1970.sp009253
https://doi.org/10.2527/jas.2007-0282
https://doi.org/10.2903/j.efsa.2007.572
https://doi.org/10.1016/j.livsci.2006.04.029
https://doi.org/10.31893/2318-1265jabb.v6n3p62-71
https://doi.org/10.1016/j.jaridenv.2012.05.010
https://doi.org/10.4172/2325-9590.1000162
https://doi.org/10.2527/2006.843712x
https://doi.org/10.1002/9780470995624.ch17
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Govindasamy et al.

27. Lamoureux VS. Current Research in Animal Physiology, 1st Edn. New York,
NY: Apple Academic Press (2012). p. 1-318. doi: 10.1201/b12225

28. Pathak PK, Roychoudhury R, Saharia ], Borah MC, Dutta DJ, Bhuyan R,
et al. Impact of seasonal thermal stress on physiological and blood biochemical
parameters in pigs under different dietary energy levels. Trop Anim health Prod.
(2018) 50:1025-32. doi: 10.1007/s11250-018-1526-6

29. Das R, Sailo L, Verma N, Bharti P, Saikia J, Kumar R. Impact of heat
stress on health and performance of dairy animals: a review. Vet world. (2016)
9:260. doi: 10.14202/vetworld.2016.260-268

30. Silanikove N. Effects of heat
extensively managed domestic ruminants.
67:1-8. doi: 10.1016/S0301-6226(00)00162-7

the welfare of
Prod  Sci.  (2000)

stress  on
Livest

31. Lorschy ML. Definitions of Ambient Temperature Requirements for Pigs: A
Review. Council Research News-Prairie Swine Centre Inc. (2005).

32. Huynh TT, Aarnink AJ, Verstegen MW, Gerrits W], Heetkamp MJ, Kemp B,
etal. Effects of increasing temperatures on physiological changes in pigs at different
relative humidities. ] Anim Sci. (2005) 83:1385-96. doi: 10.2527/2005.8361385x

33. Renaudeau D, Huc E, Noblet J. Acclimation to high ambient temperature
in Large White and Caribbean Creole growing pigs. ] Anim Sci. (2007) 85:779-
90. doi: 10.2527/jas.2006-430

34. Sejian V, Bhatta R, Gaughan JB, Dunshea FR, Lacetera N.
Adaptation of animals to heat stress. Animal. (2018) 12:5431-
44. doi: 10.1017/S1751731118001945

35. Katiyatiya CL, Bradley G, Muchenje V. Thermotolerance, health profile
and cellular expression of HSP90ABI in Nguni and Boran cows raised
on natural pastures under tropical conditions. | Therm Biol. (2017) 69:85-
94. doi: 10.1016/j.jtherbio.2017.06.009

36. Shilja S, Sejian V, Bagath M, Mech A, David CG, Kurien EK, et al. Adaptive
capability as indicated by behavioral and physiological responses, plasma HSP70
level, and PBMC HSP70 mRNA expression in Osmanabadi goats subjected to
combined (heat and nutritional) stressors. Int | Biometeorol. (2016) 60:1311-
23. doi: 10.1007/s00484-015-1124-5

37. Fukushi I, Yokota S, Okada Y. The role of the hypothalamus
in modulation of respiration. Respir  Physiol  Neurobiol.  (2019)
265:172-9. doi: 10.1016/j.resp.2018.07.003

38. Moyo D. Comparison of Febrile Responses, Thermoregulation and Skin
Morphology in the Local Kolbroek, Windsnyer and Exotic Large White Breeds of Pigs
in South Africa (Doctoral dissertation). University of the Witwatersrand, Faculty of
Health Sciences, Johannesburg (2017).

39. Seibert JT, Graves KL, Hale BJ, Keating AF, Baumgard LH, Ross JW.
Characterizing the acute heat stress response in gilts: I. Thermoregulatory and
production variables. ] Anim Sci. (2018) 96:941-9. doi: 10.1093/jas/skx036

40. Valente EEL, Chizzotti ML, Oliveira CVR, Galvio MC, Domingues SS,
Rodrigues AC, et al. Intake, physiological parameters and behavior of Angus and
Nellore bulls subjected to heat stress. Semina: Ciéncias Agrdrias. (2015) 36:4565—
74. doi: 10.5433/1679-0359.2015v36n6Supl2p4565

41. Rathwa SD, Vasava AA, Pathan MM, Madhira SP, Patel YG,
Pande AM. Effect of season on physiological, biochemical, hormonal,
and oxidative stress parameters of indigenous sheep. Vet world. (2017)
10:650. doi: 10.14202/vetworld.2017.650-654

42. Berg E, Gustafson U, Andersson L. The uncoupling protein 1 gene (UCP1)
is disrupted in the pig lineage: a genetic explanation for poor thermoregulation in
piglets. PLoS Genet. (2006) 8:e129. doi: 10.1371/journal.pgen.0020129

43. Hayne SM, Tennessen T, Anderson DM. The responses of growing pigs
exposed to cold with varying amounts of straw bedding. Can ] Anim Sci. (2000)
80:539-46. doi: 10.4141/A00-003

44. Olczak K, Nowicki J, Klocek C. Pig behaviour in relation to weather
conditions-a review. Ann Anim Sci. (2015) 15:601. doi: 10.1515/a0as-2015-0024

45. Quiniou N, Noblet J, Van Milgen J, Dubois S. Modelling heat production
and energy balance in group-housed growing pigs exposed to low or high ambient
temperatures. Br ] Nutri. (2001) 85:97-106. doi: 10.1079/BJN2000217

46. Parois SP, Cabezon FA, Schinckel AP, Johnson JS, Stwalley RM, Marchant-
Forde JN. Effect of floor cooling on behavior and heart rate of late lactation sows
under acute heat stress. Front Vet Sci. (2018) 5:223. doi: 10.3389/fvets.2018.00223

47. Canaday DC, Salak-Johnson JL, Visconti AM, Wang X, Bhalerao K, Knox
RV. Effect of variability in lighting and temperature environments for mature gilts
housed in gestation crates on measures of reproduction and animal well-being. J
Anim Sci. (2013) 91:1225-36. doi: 10.2527/jas.2012-5733

48. Muns R, Malmkvist J, Larsen ML, Sorensen D, Pedersen LJ. High
environmental temperature around farrowing induced heat stress in crated sows. |
Anim Sci. (2016) 94:377-84. doi: 10.2527/jas.2015-9623

Frontiersin Veterinary Science

11

10.3389/fvets.2022.1034635

49. Tucker CB, Rogers AR, Schiitz KE. Effect of solar radiation on dairy cattle
behaviour, use of shade and body temperature in a pasture-based system. Appl
Anim Behav Sci. (2008) 109:141-54. doi: 10.1016/j.applanim.2007.03.015

50. Bracke MB. Review of wallowing in pigs:
behaviour and its motivational basis.
132:1-3. doi: 10.1016/j.applanim.2011.01.002

description of the
Appl  Anim  Behav Sci. (2011)

51. Gupta M, Kumar S, Dangi SS, Jangir BL. Physiological, biochemical and
molecular responses to thermal stress in goats. Int J Livest Res. (2013) 3:27-
38. doi: 10.5455/ij1r.20130502081121

52. Nazifi S, Saeb M, Rowghani E, Kaveh K. The influences of thermal stress on
serum biochemical parameters of Iranian fat-tailed sheep and their correlation with
triiodothyronine (T3), thyroxine (T4) and cortisol concentrations. Comp Clin Path.
(2003) 12:135-9. doi: 10.1007/s00580-003-0487-x

53. Mayengbam P, Tolenkhomba TC. Seasonal variation of hemato-biochemical
parameters in indigenous pig: Zovawk of Mizoram. Vet World. (2015)
8:732. doi: 10.14202/vetworld.2015.732-737

54. Pourouchottamane R, Pankaj PK, Banik S, Naskar S, Venkatsubramanian V,
Ramana DB. Effect of micro-environmental variations on biomolecular profile and
performance of pig. ] Agrometerol. (2013) 15:1-6.

55. Banerjee D, Upadhyay RC, Chaudhary UB, Kumar R, Singh S, Ashutosh
Das TK, et al. Seasonal variations in physio-biochemical profiles of Indian goats
in the paradigm of hot and cold climate. Biol Rhythm Res. (2015) 46:221-
36. doi: 10.1080/09291016.2014.984999

56. Luo Z, Zhu W, Guo Q, Luo W, Zhang J, Xu W, et al. Weaning
induced hepatic oxidative stress, apoptosis, and aminotransferases through
MAPK signaling pathways in piglets. Oxid Med Cell Longev. (2016)
2016:4768541. doi: 10.1155/2016/4768541

57. Mashiko T, Umeda T, Nakaji S, Sugawara K. Effects of exercise on the physical
condition of college rugby players during summer training camp. Br ] Sports Med.
(2004) 38:186-90. doi: 10.1136/bjsm.2002.004333

58. Arakawa H, Kodama H, Matsuoka N, Yamaguchi I. Stress increases plasma
enzyme activity in rats: differential effects of adrenergic and cholinergic blockades.
J Pharmacol Exp Ther. (1997) 280:1296-303.

59. Pearce SC, Gabler NK, Ross JW, Escobar J, Patience JF, Rhoads RP, et al. The
effects of heat stress and plane of nutrition on metabolism in growing pigs. ] Anim
Sci. (2013) 91:2108-18. doi: 10.2527/jas.2012-5738

60. Wen X, Wu W, Fang W, Tang S, Xin H, Xie ], et al. Effects of long-term heat
exposure on cholesterol metabolism and immune responses in growing pigs. Livest
Sci. (2019) 230:103857. doi: 10.1016/j.]ivsci.2019.103857

61. Hooda OK, Singh G. Effect of thermal stress on feed intake, plasma enzymes
and blood biochemicals in buffalo heifers. Indian ] Anim Nutr. (2010) 27:122-7.

62. Sejian V, Srivastava RS, Varshney VP. Pineal-adrenal relationship: modulating
effects of glucocorticoids on pineal function to ameliorate thermal-stress in goats.
Asian-Austr ] Anim Sci. (2008) 21:988-94. doi: 10.5713/ajas.2008.70482

63. Baumgard LH, Rhoads Jr RP. Effects of heat stress on
postabsorptive metabolism and energetics. Annu Rev Anim Biosci. (2013)
1:311-37. doi: 10.1146/annurev-animal-031412-103644

64. Victoria Sanz Fernandez M, Johnson JS, Abuajamieh M, Stoakes SK, Seibert
JT, Cox L, et al. Effects of heat stress on carbohydrate and lipid metabolism in
growing pigs. Physiol Rep. (2015) 3:e12315. doi: 10.14814/phy2.12315

65. Sejian V, Srivastava RS, Varshney VP. Effect of thermal stress on endocrine
profile and phagocytosis index in goats. Indian Vet J. (2010) 87:11567. Available
online at: http://www.indvetjournal.com

66. Gasparetti AL, de Souza CT, Pereira-da-Silva M, Oliveira RL, Saad M]J,
Carneiro EM, et al. Cold exposure induces tissue-specific modulation of the
insulin-signalling pathway in Rattus norvegicus. J Physiol. (2003) 552:149-
62. doi: 10.1113/jphysiol.2003.050369

67. Wang X, Wahl R. Responses of the insulin signaling pathways in the
brown adipose tissue of rats following cold exposure. PLoS ONE. (2014)
9:¢99772. doi: 10.1371/journal.pone.0099772

68. Rasouli A, Nouri M, Khajeh GH, Rasekh A. The influences of seasonal
variations on thyroid activity and some biochemical parameters of cattle. Iranian |
Vet Res. (2004) 5:1383-91.

69. Todini L. Thyroid hormones in small ruminants: effects of
endogenous, environmental and nutritional factors. Animal. (2007)1:997-
1008. doi: 10.1017/S1751731107000262

70. Salem MH, Elsherbiny AA, Khalil MH, Yousef MK. Diurnal and seasonal
rhythm in plasma-cortisol, triiodothyronine and thyronine as affected by the wool
coat in barki sheep. Indian ] Anim Sci. (1991) 61:946-51.

71. Abdel-Samee AM. Heat adaptability of growing Bedouin goats in Egypt. Der
Tropenlandwirt-] Agric Trop Subtrop. (1996) 97:137-47.

frontiersin.org


https://doi.org/10.3389/fvets.2022.1034635
https://doi.org/10.1201/b12225
https://doi.org/10.1007/s11250-018-1526-6
https://doi.org/10.14202/vetworld.2016.260-268
https://doi.org/10.1016/S0301-6226(00)00162-7
https://doi.org/10.2527/2005.8361385x
https://doi.org/10.2527/jas.2006-430
https://doi.org/10.1017/S1751731118001945
https://doi.org/10.1016/j.jtherbio.2017.06.009
https://doi.org/10.1007/s00484-015-1124-5
https://doi.org/10.1016/j.resp.2018.07.003
https://doi.org/10.1093/jas/skx036
https://doi.org/10.5433/1679-0359.2015v36n6Supl2p4565
https://doi.org/10.14202/vetworld.2017.650-654
https://doi.org/10.1371/journal.pgen.0020129
https://doi.org/10.4141/A00-003
https://doi.org/10.1515/aoas-2015-0024
https://doi.org/10.1079/BJN2000217
https://doi.org/10.3389/fvets.2018.00223
https://doi.org/10.2527/jas.2012-5733
https://doi.org/10.2527/jas.2015-9623
https://doi.org/10.1016/j.applanim.2007.03.015
https://doi.org/10.1016/j.applanim.2011.01.002
https://doi.org/10.5455/ijlr.20130502081121
https://doi.org/10.1007/s00580-003-0487-x
https://doi.org/10.14202/vetworld.2015.732-737
https://doi.org/10.1080/09291016.2014.984999
https://doi.org/10.1155/2016/4768541
https://doi.org/10.1136/bjsm.2002.004333
https://doi.org/10.2527/jas.2012-5738
https://doi.org/10.1016/j.livsci.2019.103857
https://doi.org/10.5713/ajas.2008.70482
https://doi.org/10.1146/annurev-animal-031412-103644
https://doi.org/10.14814/phy2.12315
http://www.indvetjournal.com
https://doi.org/10.1113/jphysiol.2003.050369
https://doi.org/10.1371/journal.pone.0099772
https://doi.org/10.1017/S1751731107000262
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Govindasamy et al.

72. Pereira AM, Baccari E Titto EA, Almeida JA. Effect of thermal stress on
physiological parameters, feed intake and plasma thyroid hormones concentration
in Alentejana, Mertolenga, Frisian and Limousine cattle breeds. Int ] Biometeorol.
(2008) 52:199-208. doi: 10.1007/s00484-007-0111-x

73. Indu S, Sejian V, Kumar D, Pareek A, Naqvi SM. Ideal proportion
of roughage and concentrate for Malpura ewes to adapt and reproduce in
a semi-arid tropical environment. Trop Anim Health Prod. (2015) 47:1487-
95. doi: 10.1007/s11250-015-0889-1

74. McManus C, Paludo GR, Louvandini H, Gugel R, Sasaki LC, Paiva SR.
Heat tolerance in Brazilian sheep: physiological and blood parameters. Trop Anim
Health Prod. (2009) 41:95-101. doi: 10.1007/s11250-008-9162-1

75. Dizdaroglu M, Olinski R, Doroshow JH, Akman SA. Modification of
DNA bases in chromatin of intact target human cells by activated human
polymorphonuclear leukocytes. Cancer Res. (1993) 53:1269-72.

76. Kataria AK, Kataria N. Evaluation of oxidative stress in sheep affected with
peste des petits ruminants. J Stress Physiol Biochem. (2012) 8:72-7.

Frontiersin Veterinary Science

12

10.3389/fvets.2022.1034635

77. Sakatani M, Balboula AZ, Yamanaka K, Takahashi M. Effect of
summer heat environment on body temperature, estrous cycles and blood
antioxidant levels in Japanese Black cow. Anim Sci J. (2012) 83:394-
402. doi: 10.1111/j.1740-0929.2011.00967.x

78. Yang P, Hao Y, Feng J, Lin H, Feng Y, Wu X, et al. The expression of
carnosine and its effect on the antioxidant capacity of longissimus dorsi muscle
in finishing pigs exposed to constant heat stress. Asian-Austr ] Anim Sci. (2014)
27:1763. doi: 10.5713/ajas.2014.14063

79. Sadoul B, Geffroy B. Measuring cortisol, the major stress hormone in fishes. J
Fish Biol. (2019) 94:540-55. doi: 10.1111/jfb.13904

80. Rocha LM, Devillers N, Maldague X, Kabemba FZ, Fleuret J, Guay F, et al.
Validation of anatomical sites for the measurement of infrared body surface
temperature variation in response to handling and transport. Anim. (2019)
9:425. doi: 10.3390/ani9070425

81. Kataria N, Kataria AK. Alterations in prolactin and cortisol levels in heat
stressed pigs from arid tracts in India. Porc Res. (2013) 3:4-8.

frontiersin.org


https://doi.org/10.3389/fvets.2022.1034635
https://doi.org/10.1007/s00484-007-0111-x
https://doi.org/10.1007/s11250-015-0889-1
https://doi.org/10.1007/s11250-008-9162-1
https://doi.org/10.1111/j.1740-0929.2011.00967.x
https://doi.org/10.5713/ajas.2014.14063
https://doi.org/10.1111/jfb.13904
https://doi.org/10.3390/ani9070425
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Thermal stress-related physiological, behavioral, and serum biochemical responses in indigenous pigs adapted to Eastern Himalayan region
	Introduction
	Materials and methods 
	Location of the study
	Meteorological measurements
	Experimental animals and experimental design
	Physiological responses to summer and winter
	Behavioral response to summer and winter
	Serum biochemical changes in response to summer and winter
	Statistical analysis 

	Results
	Meteorological measurements
	Physiological measurements
	Behavioral mechanisms response to summer and winter
	Serum biochemical response to summer and winter

	Discussion 
	Conclusion 
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


