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Introduction

Stress is the body’s reaction to stimuli that disturb
homeostasis. Changes in biological functions of
the animals due to exposure to heat stress include
physiological, hormonal, hematological, and
biochemical responses, which make the goats
resistant and able to survive in adverse
environments (Bernabucci et al. 2010). Among
the environmental factors, heat stress is of major
concern which lowers livestock productivity in
tropical and arid areas and challenges the
animal’s ability to maintain energy, hormonal and
Electrolyte

imbalance during thermal stress result in low

mineral  balances. and mineral
performance and reduced fertility in animals.

Determination of heat stress in animals can be
determined by physiological and biochemical
methods.  Physiological methods can be
determined by various measuring instruments
generally while biochemical methods can be
determined by detecting the level of hormone in

the blood.

In Stressed animals, cortisol release, increased
body heat and pulse rate as well as the influence
of many hormones (Roussel et al,
2006).Hormones involved in thermal adaptations
include, prolactin, growth hormone, thyroxine,
glucocorticoids, mineralocorticoids,

catecholamines and antidiuretic  hormone.
Thermal stressor as a form of environmental heat
influenced livestock

stress negatively

physiological activities especially when an
animal is having difficulty in dissipating excess
heat load to its environment which subsequently
frustrate overall performance e.g. growth, feed
intake, lactation, conception, gestation etc.(Sireli.

D, Tutkun. M, Tatar. M, 2017)
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Heat Stress
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Figure 1. Summary of various heat stress-related
physiological and biochemical changes occurring
at various systems level in the body of the dairy
COWS.

Biochemical responses of animals to heat stress
The acid-base balance is a complex physiological
process to maintain a stable pH in an animal’s
body. The body utilizes different mechanisms to
combat any change in acid-base balance, i.e.
chemical buffering, respiratory adjustment of
blood carbonic acid (H2CO3) and excretion of
hydrogen ions or bicarbonate (HCO3-) by the
kidneys(Houpt, 1989). Metabolic acidosis and
alkalosis involving HCO3- as well as respiratory
acidosis and alkalosis related to partial pressure
of CO2 may occur under heat stress. The vital
limits of pH variation for mammals are between
7.35 and 7.45(Houpt, 1989 ; Constable, 1999)

and regulated by a complex system of buffers
(H2CO3 and HCO3-). Blood pH increased under
heat stress in goats (Sivakumar et al., 2010). The
increase in pH may be due to reduced H2CO3
(70), total CO2, HCO3- (Hamzaoui et al. , 2013)
and base excess in blood and extra-cellular fluid
(Sivakumar et al., 2010). The secretion of HCO3-
in urine and its reabsorption suggest a large
requirement

and turnover of body HCO3- to maintain blood
pH during heat stress (Hamzaoui et al. , 2013).
Blood biochemical parameters reflect the health
(detecting possible diseases) and the metabolic
status of an animal (evaluating the body’s internal
condition, the function of organs (e.g. kidneys
and liver), and metabolic processes in the body),
which are widely used in clinical situations. heat
stress affects biochemical parameters, i.e. alkaline
phosphatase, alanine aminotransferase, aspartate
transaminase, lactate dehydrogenase, total
protein, albumin, globulin, glucose, cholesterol,
blood urea nitrogen, non-ester fatty acids, beta-
hydroxybutyrate, creatinine, triiodothyroxine,
thyroxine, cortisol, prolactin, sodium, potassium,
chloride, calcium, magnesium, iron, manganese,
copper, zinc and oxidative stress parameters
(glutathione peroxidase, glutathione reductase,
superoxide dismutase and lipid peroxides).. Heat
stress lowered concentration of plasma calcium,
increased the

magnesium, and sodium and

concentration of plasma chloride and phosphorus



The Blue Cross (2020), Volume 16

108

in cattle (Ronchi et al. 1997).Sanchez et al.
(1994)
availability in the blood helped to maintain

reported that sufficient electrolytes

homeostasis in animals during heat stress.

Enzymes:

Metabolic regulators are important in elucidating
a picture of modulation in physiological
mechanisms during stressed conditions and are
best assessed by determining the enzymes
governing various metabolic reactions in
plasma/serum (Gupta et al., 2013). Enzyme levels
reflect the metabolic activities during stress. Heat
stress reduces alkaline phosphatase and lactate
dehydrogenase activity in goats (Helal et al.,
2010).The decrease in these enzymes during heat
stress is due to the decrease in thyroid activity
during heat stress (Helal et al., 2010). Serum
level of aspartate transaminase and alanine
aminotransferase is helpful in the diagnosis of the
welfare of animals. The serum alanine
aminotransferase

value increases during heat stress in goats

(Sharma & Nalini, 2011).Serum glutamate oxalo-

acetate transaminase (SGOT) and serum
glutamate  pyruvate transaminase (SGPT),
indicators of tissue damage, increased

significantly during heat stress in cattle (Sang et
al. 2002).

Proteins:

Significant decrease in total protein concentration
in goats has been reported during heat stress
(Dangi et al.,, 2012). Total plasma protein,
albumin and globulin levels decrease in goats
subjected to heat stress (Helal et al., 2010). This
may be due to an increase in plasma volume as a
result of heat stress, which results in a decrease in
plasma protein concentration. In contrast, heat
stress increased total protein and albumin in goats
(Okoruwa, 2014) and could be due to dehydration
which has been reported to occur as a result of
increased respiration rate.

A significant increase in the serum protein of
sheep exposed to heat stress. The increase in
serum protein could be a physiological attempt to
maintain  extended plasma volume. High
environmental temperature caused an increase in
total plasma protein in lactating cattle (Podar and
Oroian, 2003). In cattle, heat exposure and de-
hydration during heat stress resulted in a sharp
increase in ADH level, which was associated with
a significant de-crease in urine output and a
significant increase in plasma protein (EI-Noutyet
al. 1980). Shafie and Badreldin (1962) reported
that plasma total protein content decreased by
11.9% in buffaloes and increased by 4.4% in
Baladi cattle when exposed to direct solar

radiations.
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Plasma Albumin

A significant increase in plasma albumin levels
was re-ported in cows (El-Masery and Marai,
1991) and buffalo calves (Koubkovaet al. 2002)
during heat stress.

Glucose, cholesterol, blood urea nitrogen, non-
ester fatty acids and beta-hydroxybutyrate:
blood urea

Studies on glucose, cholesterol,

nitrogen, non-ester fatty acids and beta-
hydroxybutyrate in response to heat stress are
conflicting. Glucose and cholesterol levels show
greater differences under heat stress conditions
than in the comfort zone. Heat stress conditions
decrease glucose and cholesterol levels in goats
.The decrease in glucose level could be related to
the decrease in availability of nutrients and lower
rate of propionate production (Mohamad, 2012),
or due to the increase in plasma glucose
utilization to provide energy for muscular
expenditure required for high muscular activity
associated with increased respiration rate
(Seijan&Shrivastava, 2010). The decrease in
cholesterol level may have a relation with the
increase in total body water or the decrease in
acetate concentration, which is the primary
precursor for the synthesis of cholesterol(Gupta et
al., 2013). Heat stress had no effect on glucose
and blood urea nitrogen in goats (Hamzaoui et al.,
2013).

Non-ester fatty acids and

betahydroxybutyrate are most indicative of the

animal’s energy status (Hamzaoui et al.,
2013)reported that a reduction in feed intake and
body weight under heat stress was not
accompanied by body fat mobilization as non-
ester fatty acid concentration did not vary
between heat-stressed and control goats.
Exposure to heat stress resulted in higher beta-
hydroxybutyrate concentration in goats (Salama
et al., 2014).Thermal stress decreases the energy
metabolism (basal metabolic rate) and increases

water and electrolyte metabolism.

Hormones:
Hormones (i.e. thyroxine, triiodothyroxine,
prolactin, leptin, adiponectin, growth

hormone,glucocorticoids,mineralocorticoids,catec
holaminesandantidiuretic) are involved in thermal
adaptation and could be important indicators for
assessment of stress in animals .

Decreased thyroid hormone level during heat
stress is an adaptive response and affects the
hypothalamic- pituitary-adrenal to decrease
thyrotropin releasing hormone (Johnson, 1985),
which enables animals to reduce metabolic rate
and heat production (West, 1999), and reduces
the amount of heat produced by the cells (Barnes
et al., 2014) (Barnes et al., 2014) . In goats,
(Helal et al., 2010) and(Sivakumar et al., 2010)
reported a decrease in plasma concentration of

trilodothyroxine and thyroxine levels. Cortisol
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plays an important role in all types of stress. An
increased cortisol level during heat stress was
reported in goats (Sivakumar et al., 2010). The
prolactin level increased in goats under heat

stress (Sivakumar et al., 2010).

Electrolytes:

Heat stress challenges the animal’s ability to

maintain its mineral balance. The serum
concentrations of sodium, potassium and chloride
decreased in goats subjected to heat stress due to
the fact that heat-stressed animals lost more
potassium and chloride in sweat than non- heat
stressed animals, and the blood volume expanded
where water is transported in the circulatory
system for evaporative cooling (Sivakumar et al.,

2010).
Oxidative stress parameters:

Heat stress stimulates excessive production of
free radicals such as reactive oxygen species
(superoxide anion radicals, hydroxyl radical,
hydrogen peroxide and singlet oxygen) which are
continuously produced in the course of normal
aerobic metabolism, and they can damage healthy
cells if not eliminated (Rhoads et al., 2013).
Normal cells have the capacity to detoxify
superoxide radicals using antioxidant enzymes
(superoxide dismutase, glutathione peroxidase,
glutathione reductase and catalase) and non-

enzymatic antioxidants including vitamins (C, A

and E), transferrin,
glutathione) (Kumar et al., 2011; B.V et al,

2011) reported that oxidative stress

and proteins (albumin,

increases in goats during summer as superoxide

dismutase increases.
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