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ABSTRACT

The experiment was conducted with the aim of determining the ameliorative effects of
L-glutamine administration on rectal temperature, haematological and oxidative stress
changes in Red Sokoto goats during the hot-dry season. Twenty eight apparently
healthy adult Red Sokoto goats of about 1-year-old, comprising 14 bucks (7
experimental and 7 control) and 14 non-pregnant does (7 experimental and 7 control)
served as subject of the study. Goats in the experimental group were administered L-
glutamine at 0.2 g/kg body weight per os once daily, while those in the control group
were given distilled water for 21 days. Rectal temperature and, blood samples for
haematological and biochemical analyses, were obtained 3 days before, during and on
day 7 after L-glutamine administration. The thermal environmental variables of dry-
bulb temperature, relative humidity, and temperature-humidity index during the study
period had range values of 24.5 - 35.2 °C, 41.7 - 84.0 % and 74.1 - 84.0, respectively.
The mean rectal temperature of 38.78 + 0.06 °C recorded in experimental group was
lower than the corresponding value of 38.93 £+ 0.06 °C recorded in control group, during
the period L-glutamine administration. The packed cell volume, haemoglobin
concentration, erythrocyte count, mean corpuscular volume, mean corpuscular
haemoglobin, mean corpuscular haemoglobin concentration, and total leucocyte,
neutrophil and lymphocyte counts, and neutrophil:lymphocyte ratio were higher (P <
0.05) in experimental group as compared to the control group. Erythrocyte osmotic
fragility in experimental group was lower (P < 0.05) than in the control group only at
0.5 and 0.7 % during the period of L-glutamine administration. The MDA concentration
in the experimental group (1.47 = 0.1 nmol/L) was lower (P < 0.05) than the
corresponding value of 1.75 £ 0.1 nmol/L recorded in the control group, during L-

glutamine administration. In the experimental group, SOD activity (2.29 + 0.04 1U/L)

vii



was higher (P < 0.05) than that obtained in the control group (2.10 + 0.04 1U/L) during
L-glutamine administration. The glutathione peroxidase activities was higher (P < 0.05)
in experimental than the control goats during L-glutamine administration. Catalase
activity recorded in the experimental goats (48.96 + 0.9 IU/L) was significantly (P <
0.05) higher than that obtained in control goats (44.04 + 0.9 1U/L) during the period of
L-glutamine administration. In conclusion, L-glutamine ameliorated the heat stress-
induced changes in rectal temperature, haematological and oxidative stress parameters

of Red Sokoto goats during the hot-dry season.
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CHAPTER ONE

INTRODUCTION

1.1  Background of the Study

Increasing world population and demand for animal protein have led to an increase in
livestock production (Koknaroglu and Akunal, 2013). Small ruminants, including goats,
occupy an important economic and ecological niche in agricultural systems throughout
the developing countries (Devendra, 2001). In Nigeria and many other developing
countries, goats are kept primarily for meat. They also represent a veritable resource for
economic development, livelihood security and are of major cultural importance
(Taneja, 1982; Terill, 1986). Livestock performance in developing countries is far
behind that recorded in the developed world, although it has been predicted that the
performance in developing countries (including Nigeria) would sustain the future
growth of the world’s meat production (Rendaudeau et al., 2012). The Red Sokoto goat
is the predominant and the most widely distributed breed in the Northern Savannah zone
of Nigeria. It is recognized for its high-quality skin, which is used in leather industry,

locally and internationally (Akpa et al., 1998).

Goats are considered to be adapted to harsh environmental conditions better than other
domestic species (Silanikove, 2000a), although their productivity is affected by extreme
climatic conditions (Lu, 1989; Minka and Ayo, 2012). Goats are subjected to heat
stress, when there is an imbalance between heat production within the body and heat
loss. Under heat stress conditions, reactive oxygen species (ROS) are produced in
excess of what the body can cope with. The increased ROS induce the lipoperoxidation

of polyunsaturated fatty acids and, consequently, leading to the destruction of cell



membrane (Sunil Kumar et al., 2011). The increased ROS production, induced by heat
stress occurs in the skeletal muscular mitochondria through the elevation of membrane
potential due to increase in oxygen consumption, especially at initial phase of heat

exposure (Azad et al., 2010).

1.2 Statement of Research Problem

Goats are subjected to many stresses, including physical, nutritional, chemical,
psychological and thermal stress. The productivity of goats in the tropics is adversely
affected by the prevailing harsh environmental conditions, especially heat stress (Marai
et al., 2007). During heat stress, there is a redistribution of the body resources, including
protein and energy at the cost of increased growth, reproduction, production and health
(Gupta et al., 2013a). Physiological and biochemical changes occur in the animal body,
which directly or indirectly affect production (Ganaie et al., 2013). The hot-dry season
in the Northern Guinea Savannah zone of Nigeria is thermally stressful to livestock,
including goats (Minka and Ayo, 2012). In this zone, goats are mostly managed
extensively, where they are left to graze on open field, with little or no provision for
shelter. Browsing of goats on open fields during most of the hours of the day, make
them susceptible to environmental stress (Gupta et al., 2013a). Shade provision can
reduce the effect of direct sunlight (Minka and Ayo, 2007a), but this only has little
effect on radiant heat. Ambient temperature is the most important factor negatively
affecting farm animal performance and welfare (Koknaroglu, 2008). High ambient
temperatue and high relative humidity induce heat stress in animals, especially during
the hot-humid season. Heat stress affects all systems of the body, resulting in reduced
libido in males (Perez-Crespo et al., 2008), reduced fertility in female (Sakatani et al.,
2004) and increased susceptibility to diseases (Roth, 2008). Although goats are resistant

2



to thermal stress to a greater extent compared to other livestock (Silanikove, 2000a),
they suffer from heat and cold stresses outside their comfort zone (Mishra, 2009).
Environmental heat stress weakens efficient animal production, resulting in significant
economic losses to farmers (Rhoads et al., 2013). Many investigations have been
carried out in goats to demonstrate the beneficial role of antioxidant nutrients like
vitamin C, A and E (Banerjee et al., 2003; Minka and Ayo, 2010; Sunil Kumar et al.,
2011) when used against heat stress, but little attention has been paid to antioxidant
amino acids, especially L-glutamine. Heat stress has been associated with reduced level

of L-glutamine, the most abundant amino acid in plasma (Wu et al., 2011).

1.3 Justification of the Study

Goat is an important source of animal protein for humans in warm climates (Kirton,
1988), and the meat (chevon) from local breeds is sought after in many parts of the
world (Devendra and Burns, 1983) because of its palatability. Rearing of animals,
including goats under extreme environmental conditions reduces their productivity. The
hot-dry season in the Northern Guinea Savanna zone, which extends from March to
May (Igono et al., 1982), is thermally stressful to livestock, including goats (Ayo et al.,
1988). The adverse effects of high ambient temperature and relative humidity on the
health and productivity of goats have been documented (Jindal, 1980). Heat stress is one
of the important climatological thermal conditions (Broucek et al., 2007) in the hot
regions of the world (Altan et al., 2003). Its effects on livestock results in the generation
of excessive ROS beyond the capacity of the tissue antioxidant defence system
(Akinwade and Adebule, 2003), resulting in oxidative stress (Sies, 1991; Lykkesfeldt
and Svendsen, 2007). In general, livestock with health problems and the most

productive animals (for example, animals with the highest growth rate or milk
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production) are at greatest risk of heat stress, thereby requiring the most attention
(Nienaber and Hahn, 2007). Antioxidants, both enzymatic and non-enzymatic, provide
necessary defence against oxidative stress as a result of thermal stress (Sunil Kumar et
al., 2011). Antioxidant nutrient supplementation, especially vitamins C, A and E, and
amino acids have been shown to attenuate the negative effects of environmental stress
(Banerjee et al., 2003; Minka and Ayo, 2010; Sunil Kumar et al., 2011). L-glutamine is
a conditionally-essential amino acid (Wu et al., 2011). Amongst many of the
physiological functions of the amino acid, it exhibits antioxidant property, acting
directly as a scavenger of ROS and indirectly as an important intermediate in the
synthesis of glutathione. Glutathione is the most abundant small molecular-weight
antioxidant, crucial for defending cells against oxidative stress (Wu et al., 2004; Morris
et al., 2008; Stipanuk et al., 2009). L-glutamine is a major substrate for multiple
metabolic pathways and has a plethora of key regulatory functions in animals (Wu et
al., 2011). It is a major energy substrate for rapidly-dividing cells, including enterocytes
and immunocompetent cells. Thus, L-glutamine plays a vital role in the maintenance of
gut integrity and immunity functions (Curi et al., 2005; Li et al., 2007; Xi et al., 2012).
Wu et al. (2013) reported that L-glutamine play important roles in regulating gene
expression, cell signaling, antioxidative responses, neurotransmission and immunity in

mammals.

The physiological parameters of rectal temperature (RT), heart rate (HR) and respiratory
rate (RR) are the most relevant on-the-spot diagnostic parameters of the state of an
animal’s health before any laboratory analysis is carried out (Ayo et al., 1998). They are
important in evaluating adaptability of domestic animals to various environmental stress

factors (Bianca, 1976; Ayo et al., 1998). The fluctuations in the parameters, partly



caused by variations in the ambient temperature above or below the zone of comfort,
provide accurate information on the effect of stress factors acting on the body (Piccione
and Caola, 2002). Farm animals try to cope with stressors using behavioural and
physiological stress responses, aiming to restore homeostasis. When the responses are
not successful, or when they are overwhelmed, typical behavioural and physiological
symptoms of stress occur. In this case, the welfare of the animal is clearly compromised
(Etim et al., 2013). Behavioural responses are the first to be invoked in challenging
thermal environments, and they reflect the preferences of the animals exposed to
specific conditions. The resting pattern of the animals provides a readily observable
indicator of the environment adequacy and, thus, the level of thermal balance. Changes
in haematological values are important in evaluating the responses of animals to various
conditions (Zakari et al., 2014), including heat stress. Haematologic profiles in animals
provides means of assessing the internal environment and understanding the cause of
impairment in homeostasis (Sattar and Mirza, 2009). Although, the beneficial roles of
L-glutamine have been documented in the pig and poultry (Soltan, 2009; Wu et al.,

2011), such information is lacking in goats.

1.4 Aim of the Study

The aim of the study was to determine the ameliorative effects of L-glutamie

administration on some physiological responses of goats during the hot-dry season.

1.5  Objectives of the Study

They were to determine:

a. Rectal temperature, haematologic (packed cell volume, erythrocyte count,
haemoglobin  concentration, total and differential leucocyte counts, and

5



neutrophil/lymphocyte ratio), and oxidative stress parameters of Red Sokoto goats

during the hot-dry season.

b. Ameliorative effect of L-glutamine on heat stress-induced changes in rectal
temperature, haematologic and oxidative stress parameters of Red Sokoto goats during

the hot-dry season.

1.6  Statement of Research Hypotheses (Ho)

a. Heat stress does not alter significantly the physiologic responses of goats during

the hot-dry season.

b. Administration of L-glutamine exerts no significant effects on the physiologic

responses of goats to heat stress during the hot-dry season.



CHAPTER TWO

LITERATURE REVIEW

21 Stress in Livestock

In animal husbandry, stress is an unavoidable (reflex) reaction that all animals
experience in their lives; and is perceived as a mental or bodily tension, produced by
external or internal stressors (Selye, 1977, von Borell, 2001). Stress, though very
familiar, is difficult to define, and is the consequence of adverse effects of the
environment or management systems that evoke adaptive changes in the physiology or
behaviour of the animal to avoid malfunctioning (Terlouw et al., 1997; Fazio and
Ferlazzo, 2003). Stress has adverse economic impact on growth and quality of animal
products (Cuccuzza et al., 2014). It is a threat to which the body needs to adjust. Stress
can be physical, psychological or interoceptive in nature, but usually contains
components of all three classifications (von Borell, 2001). Depending on the duration,
stress can either be acute or chronic. In general, chronic stress has greater potential
impact on health and welfare of animals than acute stress because animals are exposed
and react to stressor(s) for longer periods, thereby causing prolonged disruption to
homeostasis and related biologic responses. Disruption in homeostasis adversely affects
nervous coordination, reproduction, metabolism, cardiovascular activity, immune
function, behavior, and under certain circumstances may produce pathologic lesions
(Obernier and Baldwin, 2006; Earley et al., 2010). Whether a stressor can be classified
as harmful depends on the way an animal is able to cope with a threatening situation as
it gains a state of homeostasis. Thus, an individual’s state of welfare can be measured
and monitored in terms of behavioural and physiological alterations (Fazio and

Ferlazzo, 2003; Kashinakunti et al., 2010).



2.1.1 Stress response in animals

The response to stressors requires a progression of events, beginning with sensing and
signaling an animal’s various biological mechanisms that a threat exists (Ewing et al.,
1999). The response to stressors requires a progression of events beginning with sensing
and signaling the animal's various biological mechanisms that a threat exists. These
events are followed by activation of neurophysiologic mechanisms to resist and prevent
major damage. The various sensory detectors not only receive information but transform
that information into neural signals that are transmitted to either cognitive and/or non-
cognitive centres of the nervous system to generate a co-ordinated response to the
challenge. This response may be behavioural, autonomic, neuroendocrine and/or
immunological (von Borell et al., 2007). The reaction of an animal to a stressor depends
on the duration and intensity of the stressor, the animal’s previous experience, its
physiological status and the immediate environmental restraints (Fazio and Ferlazzo,
2003). It appears that an animal’s perception of a stimulus as stressful is necessary to
mount a stress response; and the activation of the stress response system does not occur,
if an animal does not perceive an event to be fearful or stressful (Minton, 1994). Since
stress occurs when an animal’s homeostasis is disrupted, the stress response consists of
a set of physiologic mechanisms, designed to return to homeostasis (Candiani et al.,
2008). Two distinct systems link the initial perception of the stressors to this response;
that is, the sympathetic adrenomedullary (SAM) axis, and the hypothalamic-pituitary-
adrenocortical (HPA) axis. SAM axis involves the hypothalamus, pituitary and the
sympathetic neural pathways to the adrenal medulla, and the release of adrenaline by the
adrenal gland. It is responsible for the short-term (acute) behavioural and endocrine
responses that prepare the animal for an immediate response to environmental

adjustment, referred to as the fear-fight-flight syndrome (von Borell, 2001). The HPA



stress-response systems represent a longer term, sustained response to stressors and was
conceptualized by Hans Selye as general adaptation syndrome (GAS) (Selye, 1946).
Selye (1977) classified stress response into three stages: viz, the alarm reaction; stage of

resistance; and stage of exhaustion.

The alarm stage is characterized by mobilisation of all defence mechanisms in the body
to combat adverse effects of stress. If the stress is so severe that continued exposure is
incompatible with life, the animal will die within a few hours during this stage.
Otherwise, a stage of adaptation or resistance will ensue, since no animal can be
maintained continuously in a state of alarm. The adaptive stage is characterized by the
cessation or diminishing of the initial symptoms. After a more prolonged exposure to
the stressor, this acquired adaptation is lost and the third stage (stage of exhaustion)
ensues, progressing to death, unless the animal receives emergency aid from some
outside sources (Selye, 1946). The HPA axis responds to a variety of stressors by
synthesizing and releasing four key hormones: corticotrophin-releasing factor/hormone
(CRH), arginine-vasopressin (AVP), adrenocorticotrophic hormone (ACTH), and
glucocorticoids. Glucocorticoids serve as the final effectors of HPA axis and are
critically involved in modulating the response to any psychologic or physical stressor

(Earley et al., 2010; Bellavance and Rivest, 2014).

2.1.2 Thermal stress

Livestock are exposed to numerous stresses, including physical, nutritional, chemical,
psychological and thermal stresses. In the ever-changing climatic scenario, thermal
stress poses a great threat to animal productivity (Gupta et al., 2013a). Thermal stress is

the perceived discomfort and physiological strain, associated with an exposure to an
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extreme hot or cold environment (Ganaie et al., 2013). In tropical and sub-tropical
regions, high ambient temperature is the major constraint on animal production (Marai
et al., 2007; Nardone et al., 2010); but the extreme low temperatures in temperate
regions are also detrimental to livestock, as they challenge the animal’s ability to
maintain energy, thermal, water, hormonal and mineral balance (Silanikove, 1992).
During thermal stress, physiological and biochemical changes occur in the body of the
animal, which directly or indirectly affect the production. During thermal stress, the
body resources, including protein and energy are redistributed, and the cost is decreased

growth, reproduction, production and impaired health (Ganaie et al., 2013).

Ambient temperature determines metabolic rate, heart rate and other important body
parameters of animals, so an extreme temperature can easily distress the animal body.
The effect of high ambient temperature is further aggravated, when heat stress is
accompanied by high relative humidity (Gupta et al., 2013a). A variety of livestock
production systems and/or geographical locations are associated with exposure to
environmental conditions outside their thermo-neutral zone (West, 2003). According to
West (2003), heat stress may be characterized by intense radiation energy, for an
extended period of time, with high relative humidity. Thus, there is often little relief
from heat during the evening hours, and intense bursts of combined heat and relative
humidity further depress performance of animals. Reduction in performance of animals
during heat stress is due mainly to high ambient temperature. The debilitating effects
may be further compounded when elevated ambient temperature is coupled with solar
radiation (Al-Haidary, 2006; Marai et al., 2007). Heat stress is of great concern among
livestock owners in tropical countries because it decreases the antioxidant level, various

hormones and electrolyte concentration, but increases lipid peroxidation in vivo.
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Animals show various responses to heat stress at physiological, cellular, biochemical
and molecular levels. Changes in various genes expression help in stress amelioration at
cellular level. At molecular level, increased expression of stress-related genes and,

hence, their protein products may help to combat the stress (Gupta et al., 2013a).

2.1.3 Reactive oxygen species and cellular redox system

Reactive oxygen species (ROS) are used to broadly describe O,-derived free radicals
such as superoxide anion (Oz*—), hydroxyl (HO¢), peroxyl (RO5¢), and alkoxyl (RO¢)
radicals, as well as O,-derived nonradical species such as hydrogen peroxide (H,O;)
(Halliwell and Cross, 1994). They are majorly produced in the mitochondria in complex
processes, involving the electron transport chain (Ames et al., 1993). Mitochondria-
derived O,+— is dismutated to H,O, by manganese superoxide dismutase, and, in the

presence of metal ions, highly reactive HOe is generated via Fenton and/or Haber—
Weiss reactions, inflicting significant damage on cellular proteins, lipids, and DNA.
(Andreyev et al., 2005). Most ROS are unstable due to their unpaired electron. This
condition is thermodynamically unfavourable. Thus, the molecules will attempt to reach
a more stable state by reacting with another molecule, cleaving a hydrogen atom from a
carbon-hydrogen bond, and donating or accepting electrons from neighboring
compounds (Halliwell and Gutteridge, 2007). This set up a chain reaction that
ultimately lead to cellular damage and/death. There is a constant balance between
endogenous antioxidant systems and generation of ROS. This equilibrium is shifted in
favour of ROS in many conditions, resulting in oxidative stress. The result of this is
damage to cellular molecules such as lipids, proteins and DNA. ROS play physiologic
role as signaling molecules at low intracellular concentrations (Halliwell, 2012). They

are deleterious, when their concentration rises above physiologic concentrations. The
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chain reactions set up by ROS are usually intercepted by endogenous antioxidant

systems.

2.1.4 Reactive oxygen species and oxidative stress

Oxidative stress is an active field of research in veterinary medicine, implicated in
numerous disease processes, including sepsis, mastitis, enteritis, pneumonia, respiratory
and joint diseases (Lykkesfeldt and Svendsen, 2007). It has also been associated with
pathogenetic mechanisms of several human diseases, including atherosclerosis,
neurodegenerative diseases, such as Alzheimer’s and Parkinson’s diseases, cancer,
diabetes mellitus, inflammatory diseases, as well as psychological diseases or ageing
processes (Durackova, 2010). Although ROS are constantly generated in vivo as an
integral part of metabolism, they may cause oxidative stress when their level exceeds
the threshold value (Rahal et al.,, 2014), triggering progressive destruction of
polyunsaturated fatty acids (PUFA), and ultimately leading to membrane destruction
and cell death (Kumar et al., 2011). Various kinds of stress, including heat and cold
stress, increase the production of ROS, generated during normal body functions
(Boveris and Chance, 1973). Although, low levels of ROS are essential for many
beneficial biological functions such as cell signaling, apoptosis, necrosis and
phagocytosis (Noori, 2012), their accumulation due to over-production or a decreased
antioxidant defence mechanism causes oxidative stress. Oxidative stress leads to
damage of biomolecules, including DNA/RNA, proteins and lipid peroxidation of
membranes and disruption of normal cell metabolism (Spurlock and Savage, 1993).
Functional oxidative modifications of cellular proteins, both reversible and irreversible

cause cellular dysfunctions (Ho et al., 2013).
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Deficiency of ROS may occur due to different kinds of stress (McDowell et al., 2007).
Free-radical oxidation is activated in animals under various types of stresses, and lipid
peroxidation products accumulate in various organs (Yarovan, 2008). There are reports
which establish that heat stress stimulate excessive production of ROS (Bernabucci et

al., 2002; Sivakumar et al., 2010).

2.1.5 Antioxidants and their roles in amelioration of heat stress

The body has several mechanisms to counteract oxidative stress by producing
antioxidants, which are either naturally produced in situ (endogenous) or externally
supplied through foods and/or supplements (exogenous). Endogenous and exogenous
antioxidants act as “scavengers” by preventing and repairing damages caused by ROS
(Valko et al., 2006; Chatterjee et al., 2007). Animals including goats have developed
antioxidant defences due to exposure to oxidants from a variety of sources (Kirschvink
et al., 2008). Heat stress results in generation of excessive ROS, which can induce
oxidative stress, if the antioxidant capacity of the body is overwhelmed. Antioxidants
are substances that, when present at low concentrations compared to those of the
oxidizable substrate, significantly delay or inhibit oxidation of that substrate (Halliwell,

1997).

Endogenous antioxidant compounds in cells are classified as enzymatic antioxidants and
non-enzymatic (metabolic and nutrient) antioxidants (Gupta et al., 2013b). The major
enzymatic antioxidants include superoxide dismutase (SOD), glutathione peroxidase
(GPx), catalase (CAT) and glutathione reductase (GRx) (Fridovich, 1995; Halliwel,
2007; Pacher et al.,, 2007). The catalytic activity of these enzymes allows the

transformation of superoxide anion into hydrogen peroxide (H,O) and water, thereby
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mitigating the harmful effects of ROS. SOD catalyses the dismutation of superoxide to
H,0,, and it is considered the first defence against ROS (Halliwell and Chirico, 1993).
Catalase catalyses the break-down of H,O, to water and oxygen. GPx in addition to
catalysing H,O, to water and oxygen, also contributes to oxidative defence of the
animal tissue by catalysing reduction of hydrogen and lipid peroxides. This prevents
oxidative damage in cell membranes. Increased activity of SOD results in increased
production of H,0,; and, thus, a simultaneous increase in GPx and CAT activities is

required for protection against heat stress-induced ROS (Droge, 2002).

Trace elements such as selenium (Se), zinc (Zn), copper (Cu) and manganese (Mn) play
important catalytic role in the enzymatic activity of GPx and SOD (Zn, Mn, Cu) (Mates,
2000). Glutathione reductase, a flavoprotein enzyme, regenerates glutathione from
oxidized glutathione (GSSG), with nicotinamide adenine dinucleotide phosphate
(NADPH) as a source of reducing power (Halliwell, 2007). The non-enzymatic
antioxidants are also divided into metabolic antioxidants and nutrient antioxidants.
Endogenous antioxidants such as lipoid acid, glutathione, L-arginine, L-glutamine, co-
enzyme Q10, melatonin, uric acid, bilirubin, metal-chelating proteins and transferrin
(Willcox et al., 2004). They are produced in the body as a result of metabolism, and are
also termed metabolic antioxidants, while nutrient antioxidants, belonging to exogenous
antioxidants, are compounds, which cannot be produced in the body and must be
provided through foods or supplements. They include vitamin E, vitamin C,
carotenoids, trace metals (Se, Mn, Zn), flavonoids, omega-3 and omega-6 fatty acids

(Powers and Jackson, 2008).
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Nutrient antioxidants are involved in ROS detoxification (Gupta and Singh, 2013), and
they facilitate the neutralisation of oxidative stress by endogenous antioxidants
(Donaldson, 2004). Results obtained from an increasing body of research have
convincingly demonstrated that antioxidant supplementation attenuates adverse effects
of heat stress in goats (Sivakumar et al., 2010), sheep (Sejian et al., 2014; Chauhan et
al., 2014), cattle (Zhang et al., 2014) and other domestic animals (Mert et al., 2014;

Zhang et al., 2015).

2.1.6 Biomarkers of stress

A biomarker, or biological marker, generally refers to a measurable indicator of some
biological state or condition. Biomarkers are often measured and evaluated to examine
normal biological processes, pathogenic processes, or pharmacologic responses to a
therapeutic intervention (Strimbu and Tavel, 2010). Numerous and rapidly evolving
methodologies for evaluating oxidative stress in livestock are available to clinicians and
researchers, each with their own distinct advantages and disadvantages (Celi, 2011).
Changes in rectal temperature, respiratory rate and heat rate can be used to assess heat

stress in goats (Minka and Ayo, 2012; Sharma et al., 2013)

Haematological examination is a reflection of an animal’s responses to its external and
internal environments (Esonu et al., 2001). Thus, blood values are used for evaluating
stress and the well-being of the animal. At present, neutrophil:lymphocyte ratio is a
well-accepted indicator for stress assessment in animals (Stanger et al., 2005).
Erythrocyte osmotic fragility may be used as an indirect measure of lipid peroxidation
(Uchendu et al., 2011; Minka and Ayo, 2011). Malondialdehyde, a by-product of

peroxidation of polyunsaturated fatty acids is also a useful indicator of stress following
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their reaction with thiobabituric acid (Janero, 1990). At the molecular level, there is
alteration in expression of stress genes to counter stress conditions (Collier et al., 2008).
Heat stress induced transcriptional activation and accumulation of heat shock proteins
(HSP) is well known (Kregel, 2002). HSP expression act as a potential indicator of
adaptation of goats to harsh environmental stress (Dangi et al.,, 2014). Serum
antioxidant enzymes have been used as indicators of oxidative stress in goats (Qwele et

al., 2013)

Absence of chronic stress is one of the pre-requisites of animal welfare. During stress,
various endocrine responses are involved in the improvement of the fitness of the
individuals (Mostl and Palme, 2002). Thus the plasma levels of hormones may be used
as indicator of stress. Many hormones, for example ACTH, glucocorticoids,
catecholamines and prolactin are involved in the stress response (Matteri et al., 2000).
The adrenal glands have a key-role in hormonal reactions to stress as they are involved
in both HPA and SAM systems (Moberg, 2000). Adverse situations trigger the adrenals
to increase secretion of glucocorticoids and catecholamines; the front-line hormones to
overcome stressful situations (Mostl and Palme, 2002). The hormones are determined as

a parameter of adrenal activity and, thus, of disturbance.

2.1.6.1 Erythrocyte osmotic fragility as a biomarker of oxidative stress

The erythrocyte osmotic fragility is an in vitro test used to determine the extent of
haemolysis produced by osmotic stress (Minka and Ayo, 2010), and this is dependent
on the degree of functional integrity of the cell membrane, when placed in varying
concentrations of salt (Oyewale et al., 2011). Erythrocytes are frequently used to

evaluate oxidative stress because their membranes are rich in polyunsaturated fatty
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acids (PUFA), which is a primary target for ROS, thus making the cells susceptible to
lipid peroxidation (Brzezinska-Slebodzinska, 2001; Altan et al., 2003). The normal
erythrocyte is remarkable for its durability, but its tolerance is altered under certain
pathologic conditions (Sharma et al., 2009). Apart from its main role in transporting
oxygen and carbon dioxide, the erythrocyte plays also an important role in antioxidative
defence of the body. Direct exposure to ROS results in shortening of the half-life of the

erythrocyte, even by 50% (Olszewska et al., 2012).

Environmental factors, including extremes of ambient temperature and high relative
humidity provoke excessive generation of ROS (Vani et al.,, 2010) as a result of
increased metabolism (Ramnath et al., 2008). The ROS induce oxidative damage of
macromolecules, including membrane lipids (Altan et al., 2010; Celi, 2011). Extensive
peroxidation of membrane lipids causes changes in cell fluidity, a fall in membrane
potential and an increase in permeability to different ions that finally lead to haemolysis
and cell death (Padayatty et al., 2003; Williams et al., 2008; Ambali et al., 2010; Bitla
et al., 2011). Continuous exposure of haemoglobin to high concentration of oxygen and
iron (Hanzama and Watanabe, 2000; Kollanjiappan et al., 2002), the inability of the
erythrocyte to repair its membrane due to lack of nucleus (Bernabucci et al., 2002;
Dordevic et al., 2008) and depletion of the antioxidant status (Gultekin et al., 2001;
Mansour and Mossa, 2009; Nazifi et al., 2009; Ambali et al., 2010) are amongst factors
responsible for increased vulnerability of erythrocytes to oxidative stress. Thus,
erythrocytes constitute an appropriate model to study oxidative stress (Aliciguzel,
2001). Haemolysis has been shown to increase in different animals, including
transported goats (Minka and Ayo, 2007b; 2010), pigs (Asala et al., 2011) and horses

(Yaqub et al., 2014).
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2.1.6.2 Malondialdehyde as a biomarker of oxidative stress

Lipids, in particular those that are polyunsaturated, are prone to oxidation. Lipids are
one of the most susceptible substrates to ROS damage, and biomarkers of lipid
peroxidation are considered the best indicators of oxidative stress (Georgieva, 2005).
Malondialdehyde (MDA) is one of the several low molecular-weight end-products
formed during the ROS-induced decomposition of polyunsaturated fatty acids (PUFA)
(Janero, 1990). MDA readily reacts with thiobarbituric acid, producing a red pigment
which can be easily measured by spectrophotometry in the form of thiobarbituric acid-
reactive substances (TBARS) (Janero, 1990). It is worth noting that the MDA assays
have been criticized for low specificity and artifact formation, since only a fraction of

the MDA measured is generated in vivo.

2.1.6.3 Rectal temperature as a biomarker of stress

Rectal temperature (RT) is a parameter that illustrates the mechanism of adaptation.
Several researchers have studied rectal temperature as a physiologic parameter of
adaptation in ruminants (Otoikhian et al., 2009; Sharma et al., 2013). Body temperature
is a good measure of heat tolerance in animals. Silanikove (2000b) and Keim et al.
(2002) reported that the best physiological parameter to objectively monitor animal
welfare in hot environment is the RT. The hypothalamus serves as the main integrative
control centre for the homeostasis of body temperature. It receives information from
peripheral and central nervous systems, and exerts appropriate hormonal changes to
maintain the internal milieu of the animals (Salama et al., 2014). When the
physiological mechanism of an animal fails to negate the excessive heat load, RT

increases. Such exposure of animal to heat stress evokes a series of drastic changes in
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the biological functions, which include a decrease in feed intake, disturbances in water,
protein, energy and mineral balances, enzymatic reactions, hormonal secretions and
blood metabolism (Gwatibaya et al. 2007; Marai et al. 2007). Gebremedhin et al.
(2008) reported that RT is perhaps the most reliable indicator of thermal heat stress

because it drives other heat stress alleviating mechanisms.

2.2 L-glutamine

L-glutamine is a neutral amino acid, considered as a conditionally-essential amino acid
(Yu et al., 2013). It is the most abundant amino acid in physiological fluids (cytoplasm,
plasma, milk and foetal fluid) (Kwon et al., 2003; Wu, 2009; Xi et al., 2012), and in
both plant and animal proteins (Li et al., 2011). L-glutamine was first isolated from beet
juice in 1883 and later from edestin (a protein) in 1933; and was first synthesized
chemically in 1933 (Wu et al., 2011). Although L-glutamine is synthesized de novo in
almost all cells in the animal’s body, it is synthesized mainly in the skeletal muscle
(Patrick, 2000; Wernaman, 2008) by the enzyme glutamine synthase from glutamate
and ammonia. The high levels of L-glutamine in physiologic fluids (Wu et al., 2011)
and the low levels in catabolic states such as occur in trauma, sepsis and oxidative stress
(Boelens et al., 2001; Gleeson, 2008) suggest that L-glutamine is conditionally-essential

in both health and disease.

2.2.1 Physiological functions of L-glutamine

Besides being a constituent of protein, L-glutamine performs several physiologic
functions, which include participation in multiple metabolic pathways and regulatory

mechanisms (Roth, 2008; Wu et al., 2011). L-glutamine is the major energy substrate
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for rapidly-dividing cells, including enterocytes, immunologically-challenged
lymphocytes and other cell types, providing adenosine triphosphate (ATP) for
intracellular protein turn-over (Xi et al., 2012), nutrient transport through plasma
membrane, cell growth and migration as well as maintaining the integrity of cells (Curi
et al., 2005). L-glutamine participates in the maintenance of acid-base balance and
cellular volume in animals (Roth, 2008). It is the main interorgan carrier of nitrogen,
and provides carbon atoms for intermediary metabolism (Young and Ajami, 2001,
Newsholme et al., 2003). It is also a precursor for the synthesis of purine and
pyrimidine nucleotides, which are essential for the proliferation of cells. It is a major
amino acid for the endogenous synthesis of citruline and arginine in most mammals,
including pigs, sheep, goats and cattle (Hanczakowska and Niwinska, 2013). L-
glutamine contributes to the synthesis of polyamines, amino sugars, and is essential for
the synthesis of nicotinamide adenine dinucleotide phosphate (NADP) co-factors
(Young and Ajami, 2001). Importantly, L-glutamine serves as a precursor of glutamate
in the synthesis of glutathione; the most abundant small-molecular-weight antioxidant in
cells, crucial for defending cells from oxidative stress (Wu et al., 2004; Morris et al.,

2008; Stipanuk et al., 2009; Mates et al., 2013).

L-glutamine down-regulates the expression of genes responsible for oxidative stress and
immune activation, and increases the expression of genes that are necessary for cell
growth and removal of oxidants (Hanczakowska and Niwinska, 2013). L-glutamine has
been shown to influence several cellular signaling pathways, including the extracellular
signal-regulated kinase (ERK), cJun N-terminal kinase (JNK) (Ko et al., 2001) and the
mammalian target of rapamycin (mTOR) pathways in diverse cell types, including

skeletal muscle, the small intestine and placental cells (Kim et al., 2011a; Xi et al.,
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2010). A significant body of evidence indicates that glutamine preserves the gut barrier
function and prevents permeability to toxins and pathogens from the gut lumen into

mucosal tissue and circulation (Rao and Samak, 2012).

Low concentrations of glutamine in plasma reflect reduced stores in muscle. This
reduced availability of glutamine in catabolic states seems to correlate increased
morbidity and mortality (Boelens et al., 2001); thus, it was hypothesized that
supplementation with glutamine may counteract or attenuate metabolic catabolism
during critical illness, trauma, sepsis and inflammatory states (Wernaman, 2008). When
stress is prolonged, production of glutamine in skeletal muscle may not meet the
demand in organs and lymphoid tissue and a deficiency occurs (Patrick, 2000); thus, the
need for exogenous supplementation. Glutamine is applied under clinical conditions as
an oral, parenteral or enteral supplement, either as a single amino acid or in the form of
glutamine-containing dipeptides in critically-ill patients (Melis et al., 2004; Roth, 2008).
This has been shown to counteract mucosal atrophy, reduce length of hospital stay and
decrease mortality (Flaring et al., 2003). Glutamine is used as a constituent of most cell
culture media, and has been shown to prevent apoptosis and stimulate cell growth (Field
et al., 2002). The role of glutamine has been extensively studied in porcine, ovine and
avian species (Kwon et al., 2003; Soltan et al., 2009; Wu et al., 2011; 2013; Jazideh et
al., 2014), but there is paucity of information on the effects of its administration in the
caprine species. The finding that glutamine is an intermediate amino acid in the
synthesis of the antioxidant, glutathione suggests that it may also be beneficial in
oxidative stress conditions in goats. There is virtually no report of adverse or harmful

effects, involving glutamine supplementation by enteral or parenteral route at an
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appropriate dose, both in short- and long-term administration (Wernaman, 2008; Wu et

al., 2011; Lindinger and Anderson, 2014).

2.2.2  Glutamine and glutathione

The tripeptide glutathione (GSH, gamma-glutamyl-cysteinyl-glycine) is quantitatively
the most important endogenous scavenger system, present at high concentrations in
most mammalian cells (Flaring et al., 2003). GSH is synthesized from glutamate (which
in turn is synthesized from glutamine), cysteine and glycine through reactions catalysed
by two cytosolic enzymes; gama-glutamylcysteine ligase and glutathione synthase. It
has many protective and metabolic functions within the cells, prominent among which
is its role in the defence against oxidative stress and in the detoxification of xenobiotics
(Humbert et al., 2005). Due to its thiol group, GSH protects cell membrane against ROS
such as hydrogen peroxide, and is readily oxidized to glutathione disulfide (GSSG),
which is lost from the cells (Morris et al., 2008). The intracellular GSH concentration is
the final result of the dynamic balance between GSH synthesis and the combined rate of
intracellular GSH consumption and efflux (Griffith, 1999). In addition, GSH maintains
the thiol groups of many proteins in the reduced form, which is required for their normal
function. Similarly in erythrocytes, GSH helps to maintain iron in its reduced form
(Griffith et al., 1981; Wu et al., 2004). Extensive oxidation of intracellular GSH
promotes oxidative damage to protein and lipids, and compromises the structural
integrity of the cell. GSH depletion occurs in conditions characterized by oxidative
damage, and it takes place parallel with a progressive reduction in glutamine
concentration. Additionally, L-glutamine plays an antioxidant role through preservation

of intracellular NADPH levels, required for glutathione recycling.
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2.3 Goats

The goat is a member of the family Bovidae, closely related to the sheep, and both
species are in the goat-antelope sub-family, Caprinae. There are over 300 distinct
breeds of goats. Goats are one of the oldest domestic species (Linda et al., 2004;
Fernandez et al., 2006). They fulfill multiple roles in the household nutrition and food
security as they provide family with proteins as milk and meat of high biological value,
and are also used for their skin, fibre and manure (Devendra, 2013). Goats are of great
importance in many developed countries, for the production of high-quality products
and the achievement of sustainable development of rural areas, and in developing
countries to exploit marginal agricultural resources (Pariset et al., 2009). Goat meat
production is of great potential for improving the nutritional and the socio-economic
well-being of human populace of developing countries (Griffin et al.,1992; Gadiyaram
and Kannan, 2004; Jibir et al., 2010). Goats are often dismissed as the “poor man’s
cow” (MacHugh and Bradley, 2001), and are considered to be adapted to water scarcity
and food shortage. They have the ability to utilise various types of forages and tolerate
harsh environmental conditions (Silanikove, 2000b). In most developing countries,
including Nigeria, goats are kept primarily for meat, largely as part of subsistent
agricultural system (Taneja, 1982; Terill, 1986). Goats represent a veritable resource for
economic development and livelihood security in addition to major cultural importance.
The population of goats in Nigeria was estimated at 58 million (FAO STAT, 2013); of
which traditionally-reared stock contributes 99.97%, while 0.03% of the stock is

commercially managed.
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2.3.1 Domestication of goats

The origins of domestic goats (Capra hircus) remain uncertain and controversial, but
archaeological evidence suggests that they were probably first domesticated in the
Fertile Crescent region of the Near East about 10,000 years ago (Porter, 1996; Zeder
and Hesse, 2000). In addition, accumulating archaeological evidence indicates that
goats, in the form of their wild progenitor-the bezoar (Capra aegagrus), were the first
wild herbivores to be domesticated (MacHugh and Bradley, 2001). Some studies hint
that a second domestication in Pakistan could have given rise to the Cashmere breeds
(Meadow, 1996; Porter, 1996). Others suggest that at least two wild species of Capra
(Shackleton, 1997), apparently, contributed to the gene pool of domestic goats (Barker,
1983). This seems possible in the light of the enormous morphological diversity among
the more than 300 goat breeds. Goats are the most adaptable and geographically wide-
spread livestock species, ranging from the mountains of Siberia to the deserts and
tropics of Africa. They are the main economic resource in numerous developing
countries, and are growing in economic importance in western countries. Domestic
goats might have played a central role in the Neolithic agricultural revolution and the
spread of human civilisation around the globe (Porter, 1996; Pringle, 1998). From an
agricultural stand-point, the world's 700 million goats provide reliable access to meat,

milk, skins, and fibre for small farmers, particularly in developing countries.

2.3.2 Breeds of goats in Nigeria

Indigenous goats in Nigeria belong to three distinct breeds: The long-legged Sahel,
found in the arid and Sahel regions; the relatively small body-sized Red Sokoto, found

in the Savanna zone; and the hardy, short-legged West African Dwarf, restricted to the
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high altitude areas and humid forest of the south and the Southern Guinea Savanna zone
(Adu et al., 1979). The Sahel goat originated in the Sahelian North-West Africa, and is
found along the northern fringes of the country (Mason, 1988). The Red Sokoto goat
originated in Northern Nigeria and is the predominant breed in the Northern part of the
country. The West African Dwarf goats are trypano-tolerant (Hoste et al., 1988), and
are able to inhabit the trypano-endemic humid zones of southern Nigeria (Akpa et al.,
1998). Goats possess the ability to tolerate harsh climate, remarkable capacity from
drought and suitability to traditional systems due to small size, short generation interval
(Odubote, 1996; Silanikove, 2000b). They have the ability to thrive on poor-quality
diets, resulting from scarce grazing on marginal land (Hoste et al., 1988), which make
the animals strategic in increasing livestock productivity in rural agricultural systems

(Fitzugh et al., 1992).

2.3.2.1 The Red Sokoto goat

The Red Sokoto goat is characterised by a uniformly dark-red coat colour, short and
horizontal ears, and horns in both sexes. The goats are mostly reared under the
traditional extensive management system, with little or no shelter throughout the year.
They serve as a good source of meat. The high-quality skin obtained from the goats is
used in leather industries, and the goats provide an income to the small-scale farmers.
Males are heavier (average of 27 kg) than the females (average of 25 kg). The breed is
well adapted to the climate of the West and North African regions, including the
Northern Guinea Savannah zone of Nigeria, which has contributed to its great

population density in the regions (Ayo et al., 2009).
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2.3.3 Thermoneutral zone in goats

Thermoneutral zone is the range of ambient temperatures without regulatory changes in
metabolic heat production or evaporative heat loss (Kingma et al., 2012). It is a
convenient means to describe schematically the interrelationships between an animal
and its environment. The lower critical ambient temperature range point and the upper
critical ambient temperature points define the limits of the thermoneutral zone
(Robertshaw, 1981; Silanikove, 2000a). Although the lower critical temperature for
goats is not specified, the limits of thermoneutrality for goats may be taken as a climatic
environment having an air temperature of 13 - 27 °C, relative humidity of 60 - 70 %,
wind velocity of 5 - 8 km/h, and a medium level of radiation (Misra and Puneet, 2009).
Environmental conditions outside these ranges are considered stressful for goats.
Generally, the thermoneutral zone depends on age, species, breed, feed intake, diet
composition, previous state of temperature acclimation or acclimatization, tissue
insulation (fat, skin), and the behaviour of the animal (Yousef, 1985). The farther an
animal moves away from its preferred body temperature, the more detrimental
temperature becomes to productive processes. Thus, a stable body temperature in the
thermoneutral zone is a pre-requisite for maximal livestock productivity (Kadzere et al.,

2002).

2.3.4 Effect of heat stress on goats

Environmentally-induced hyperthermia compromises efficient animal production and
jeopardizes animal welfare. Heat stress is one of the costliest issues facing progressive
animal producers and one of the primary impediments to efficient animal production in

developing countries. Heat stress negatively impacts on productive parameters,
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including milk yield and composition, growth, reproduction, and carcass traits. In
addition, heat load increases health-care costs, and animals often succumb to severe
stress, those reared without shade (Baumgard and Rhoads, 2013). Heat stress is a
constant challenge to goat farming under tropical climate because of greater exposure to
solar radiation for most of the day, while grazing with exaggeration by nutritional
constraints. Menacing global rise in surface temperature has compelled more farmers to
be focused on measures to mitigate heat stress (Sharma et al., 2013). Although goats are
resistant to thermal stress at a greater extent, they often suffer from heat and cold
stresses beyond their comfort zone (Mishra, 2009). Browsing of goats to open fields
during most of the day hours makes them susceptible to environmental stress (Sharma et

al., 2013).

High ambient temperature and high relative humidity, resulting in heat stress, which
causes increased mortality, morbidity, loss in live mass, dehydration and poor meat
quality, and often result in considerable economic losses (Minka and Ayo, 2007b).
When subjected to heat stress, homeothermic animals employ several thermoregulatory
mechanisms to control heat gain by an equivalent loss to maintain their core body

temperature and attain thermal equilibrium (Darcan et al., 2009).

Heat production is directly controlled by the nervous and endocrine systems through
modifications of appetite, digestive process and, indirectly, by alterations of the activity
of respiratory enzymes and protein synthesis (Yousef, 1985). Exposure of animals to
heat stress activates the hypothalamo-pituitary-adrenal axis (Abilay et al., 1975). At
endocrinal level, plasma thyroid and adrenal hormonal secretions, which have impact on

the productivity of animals, are significantly altered in heat stress. Secretion of thyroid
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hormones decreases under heat stress, thereby hampering the productivity of the animal,
for which optimum levels of thyroid hormones are required (Todini, 2007). High
environmental temperature challenges the animal's ability to maintain energy, thermal,
water, hormonal and mineral balance. Heat stress is one of the major causes of oxidative
stress. Oxidative stress is defined as an imbalance of pro-oxidants and antioxidants, or a
disruption of redox signaling and control (Jones, 2006; Lin et al., 2006; Azad et al.,
2010). Heat stress stimulates excessive production of reactive oxygen species (ROS),
including superoxide anion radicals, hydroxyl radical, hydrogen peroxide and singlet
oxygen, which are continuously generated in the course of normal aerobic metabolism
(Bernabucci et al., 2002). Behavioural, physiological and molecular adjustments occur
during heat stress (Etches et al., 1995; Chowdhury et al., 2012) to prevent ROS damage

to healthy cells, which may occur if ROS are not eliminated.

2.3.5 Effect of heat stress on haematological parameters of goats

Blood is an important and reliable medium for assessing the health status of individual
animals. Values of haematological parameters are important in evaluating the responses
of animals to various physiologic conditions (Zakari et al., 2014). Blood is frequently
used for assessing threat to homeostasis (Kim et al., 2011b). The blood is particularly
sensitive to changes in the environmental temperature, being important indicator of
physiological responses to stressing agent in goats (Okoruwa, 2014). Apart from their
main role in transporting oxygen and carbon dioxide, erythrocytes play also
an important role in organism antioxidative defence. Direct exposure to reactive oxygen
species (ROS) results in shortening of their half-life, even by 50% (Olszewska et al.,
2012). The effects of heat stress on haematological parameters depend on its duration

and severity (Belhadj Slimen et al., 2015). There are conflicting reports on the effects of
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heat stress on the haematology of animals with some authors observing decrease,
increase or no effect of heat stress on haematology. Alam et al. (2011) reported increase
in PCV, HB and RBC in Bengal goats following exposure to ambient temperature of
28.74 °C and relative humidity of 87% for 8 h. Broucek et al. (2009) also did not find
the effect of hot temperature on the RBC of cattle. Changes in haematological
parameters of goats due to heat stress occur mostly as a result of oxidative alterations,
mediated through reactive oxygen species (Minka and Ayo, 2010). Excessive generation
of ROS leads to lipoperoxidation of erythrocyte membrane causing haemolysis
consequently decreasing circulating erythrocytes. Borges et al. (2003) reported that heat

stress reduces leucocyte counts in animals.
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CHAPTER THREE

MATERIALS AND METHODS
3.1  Experimental Site

The experiment was performed at the Livestock Research Pen, Faculty of Veterinary
Medicine, Ahmadu Bello University, Zaria (11° 10'N, 07° 38’E), located in the Northern

Guinea Savannah zone of Nigeria.

3.2  Animals and Management

The experimental subjects were 28 apparently healthy adult Red Sokoto goats, including
14 bucks (7 experimental and 7 control) and 14 non-pregnant does (7 experimental and
7 control) of about 1-year-old. The goats were aged based on canine teeth eruption as
described by Hassan and Hassan (2003). They were purchased from a local goat market
at Makarfi (11° 23’ N, 7° 53’ E), located about 52 km from the experimental site. The
goats were housed in four communal pens; one for each group, side by side. The pens
were made of concrete floor and cement block wall, wire-mesh and asbestos roofing
with ceiling. The pens measured 1.75 m x 7.88 m wide and 1.13 m high of wire-mesh
from the floor, which provided adequate ventilation. The goats were allowed to move
freely inside the pens. They were fed with maize offals, groundnut and premier digitaria
(Digitaria smutsi) hays, and water was provided ad libitum. Salt lick was also provided
ad libitum. The goats were preconditioned for two weeks before commencing the
experiment. During this period, they were screened for haemoparasites, helminthes and
ectoparasites after which they treated prophylactically with albendazole at a dose rate of
10 mg/kg per os and long-acting oxytetracycline at 20 mg/kg by deep intramuscular

injection. The pens were kept clean throughout the experimental period. At 06:00 h,
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each goat in the experimental group was administered with L-glutamine at 0.2 g/kg
body weight (Wu et al., 2011) dissolved in 10 mL distilled water per os, every day for a
period of three weeks. Simultaneously, each goat in the control group was administered
with 10 mL of distilled water per os. The L-glutamine was obtained from PhD Nutrition
Ltd., Hull, UK. The experiment was conducted between 28" April and 11" of June,

2014.

3.3 Experimental Measurements
3.3.1 Thermal environmental parameters

The dry- and wet-bulb temperatures were recorded at 6:00, 13:00 and 18:00 h before
commencing, during and after L-glutamine administration, using the dry- and wet-bulb
thermometer (Esal Scientific Industries, Delhi, India). The relative humidity (RH) was
obtained using Osmon’s hygrometric table. The temperature-humidity index (THI) was

calculated using the following formula (Silanikove, 2000a):
THI = 0.72(W°C + D°C) + 40.6

Where THI = temperature-humidity index for goats, D°C = dry-bulb temperature and

WeC =wet-bulb temperature.

3.3.2 Determination of liveweight of goats

The performance of the goats was assessed in terms of liveweight gain. The liveweight
was obtained weekly in the morning before the animals were fed, and throughout the

experimental period, using a calibrated weighing scale (Carmry Premium, China).
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3.3.3 Measurement of rectal temperature

The RT, an indication of the body temperature was obtained using a digital thermometer
(Hartmann Company, UK), inserted about 4 cm into the rectum through the anus. The
thermometer was inclined so that it made contact with the wall of the rectum. The RT
measurements were obtained at 6.00 h, 13.00 h and 18.00 h on experimental days O, 7,
14, 21 and 28. The values obtained were expressed to the nearest 0.1°C (Minka and
Ayo, 2012). Experimental day 0, represented before; while days 7, 14 and 21,
represented during the period of L-glutamine administration; and 28 represented the

period after L-glutamine administration.

3.3.4 Collection of blood samples

Eight milliliters (8 mL) of blood sample (2 mL for erythrocyte osmotic fragility, 3 mL
for haematology and 3 mL for serum) was collected on a weekly basis from the jugular
vein of all the treated and control goats, with an anticoagulant, sodium
ethylenediamintetraacetate. The blood for serum was dispensed in sterile test tubes
without anticoagulant. The samples were allowed to clot at room temperature for 1 h.
Serum was separated by centrifugation at 3,000 x g for 10 min, after which it was

harvested and kept frozen at -20 °C until analysis (Ramnath et al., 2008).

3.3.5 Evaluation of haematologic parameters
3.3.5.1 Determination of packed cell volume
Packed cell volume was determined using microhaematocrit method according to Dacie

and Lewis (1991). Briefly, the blood samples were mixed well by gentle inversion of
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the sample bottles several times. Heparinized capillary tubes (John Poulten Limited®,
Essex, England) were filled to 75% of their length by capillary action. The empty ends
of the tubes were sealed with flames. The tubes were loaded onto microhaematocrit
centrifuge (Hawksley®, Lancing, England) and centrifuged at 3000 x g for 10 minutes.

The PCV values were read with the aid of microhaematocrit reader.

3.3.5.2 Determination of total erythrocyte count

The total erythrocyte count was evaluated using haemocytometer method. Blood was
drawn to 0.5 mark of the haemocytometer and diluted with 0.9 % normal saline, which
was drawn to the 101 mark. After gentle mixing of the blood in the pipette, the diluted
blood was discharged into haemocytometer counting chamber and allowed to settle. The
high dry objective lens of the microscope was employed in determining the total
erythrocyte count. The total number of cells in five squares in the centre of counting
chamber was determined and multiplied by 10,000. This value represented the total

number of erythrocytes per microlitre (Dacie and Lewis, 1991).

3.3.5.3 Determination of haemoglobin concentration

The haemoglobin concentration was determined using cyanmethaemoglobin method of
Baker and Silverton (1985). Briefly, 0.02 mL of blood was obtained into clean cuvette
and then diluted with 5 mL of cyanmethaemoglobin reagent (modified Drabkin fluid).
After the diluent was added, it was stoppered and inverted 2-3 times and allowed to
stand for 10 minutes for maximum conversion of Hb to cyanmethaemoglobin. The
absorbance of the resulting mixture was read using spectrophotometer (Beckham

Coulter, Model B U520, Austria) at wavelength of 540 nm against reagent blank. The
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optical density at 540 nm was recorded and compared with the reading, obtained using a

standard solution of cyanmethaemoglobin.

3.3.5.4 Determination of erythrocytic indices

The mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and
mean corpuscular haemoglobin concentration (MCHC) were calculated from Hb, PCV
and erythrocyte counts as described by Schalm et al. (1975; 2010) using the following

formulae, respectively:

MCV (fl) = PCV x 10

Number of erythrocytes per pL blood x 10

MCH (p) = Haemoglobin (g/dL) x 10

Number of erythrocytes per pL blood x 10

MCHC (g/dL) = Haemoglobin (g/dL) x 100

PCV (mL/dL)

3.3.5.5 Determination of total leucocyte count

Haemocytometer method, as decribed by Dacie and Lewis (1991), was employed for
total leucocyte count. Briefly, the pipette was filled with blood up to 0.5 mark with the
aid of a plastic mouth piece that was attached to the stem end of the pipette above the
bulb. Excess blood clinging to the exterior of the pipette was removed by wiping with a
piece of tissue paper. The diluting fluid (2 % glacial acetic acid, coloured with two drops
of gentian violet) was then drawn to the 11.0 mark, and the blood and the diluting fluid

were mixed by shaking the pipette vigorously for two to three minutes. Six drops of the
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diluting fluid were removed by releasing the thumb intermittently. The haemocytometer
was then filled by capillary action. This was examined under the microscope at x 40
magnification. The leucocytes in the four squares of the haemocytometer were counted,
and the value obtained was multiplied by the factor 50 to obtain the total leucocyte

count.

3.3.5.6 Determination of differential leucocyte counts

The method used to determine the differential leucocyte count was described by Dacie
and Lewis (1991). Briefly, a thin blood smear was made, air-dried and fixed in
methanol for four minutes before staining with Giemsa for 30 minutes. Thereafter, the
smear was rinsed with distilled water and dried with blotting paper. The stained and
dried blood smear was later viewed under microscope in oil immersion at x 100
magnification. Examination of slide began at the thin end of the smear, where
erythrocytes were well separated and leucocytes were thinly spread. From the thin end,
systematic meadering system of slow, careful and detailed examination of the
leucocytes was made. For a differential leucocyte count, a minimum of 100 cells were

differentiated and counted.

3.3.6 Determination of serum total protein and albumin

The serum total protein was determined using Biuret method as described by Kohn and
Allen (1995). Briefly, blood serum (0.1 mL) was mixed with 5 mL of Biuret reagent.
Measurements were made after 30 min at the wavelength of 546 nm. The serum
albumin was determined using Bromocresol green (BCG) method (Peter et al., 1982).

This method involves the binding of bromocresol green to protein under acidic
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condition. The binding of the dye to protein is accomplished by the appearance of a
strong absorbance at 610 nm, which is almost linear over the range of 10 - 80 ug
(Flores, 1978). The reaction of serum samples with bromocresol green occurs in two
steps. Albumin is involved in the faster (less than 1 minute) reaction and the slower
reaction (30 minutes) reaction is a measure of “acute phase reactants” in serum. Serum
was mixed with bromocresol green reagent and the absorbance was measured twice,

immediately and at 60 minutes (Gustafsson, 1976).

3.3.7 Determination of erythrocyte osmotic fragility

The EOF test was performed as described by Oyewale (1992). Briefly, 0.02 mL of
blood was added to tubes, containing increasing concentrations of phosphate-buffered
sodium chloride (NacCl) solution at pH 7.4 (0, 0.1, 0.3, 0.5, 0.7, 0.9%). The tubes were
gently mixed and incubated at room temperature (25 - 26 °C) for 30 minutes. The
content in each tube was centrifuged at 1500 x g per minute for 10 minutes and
supernatant was decanted. Optical density of the supernatant was determined
spectrophotometrically at 540 nm using a spectrophotometer (Spectrolab 23A®,
Labomed Incorporated, Carlifornia, USA). Haemolysis in each tube was expressed as a

percentage, taking haemolysis in distilled water (0% NaCl) as 100%.

3.3.8 Determination of malondialdehyde concentration

Serum lipid peroxidation was evaluated as described by Janero (1990). Briefly, serum
sample (100 pL) was mixed with sodium dodecyl sulfate-acetate buffer (pH 3.5) and
aqueous solution of thiobarbituric acid. After heating at 95 °C for 60 minutes, the red

pigment produced was extracted with n-butanol-pyrdine mixture and estimated by
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measuring spectrophotmetrically (Spectrolab 23A®, Labomed Incorporated, Carlifornia,
USA) the absorbance at 532 nm. Tetramethoxy-propane was used as an external

standard and lipid peroxidation level was expressed in nmol/L.

3.3.9 Determination of serum antioxidant enzyme activities
3.3.9.1 Superoxide dismutase activity

The activity of superoxide dismutase (SOD) was measured using the Northwest Life
Science Specialties SOD kit (NWLSS™ NWK-SODO02), based on the method of
monitoring the auto-oxidation rate of haematoxylin, originally described by Martin (Jr)
et al. (1987) and modified to enhance reliability. Briefly, 230 pL of assay buffer was
added to wells of the microplate. Then, 10 uL of assay buffer (for blank) and 10 pL of
serum sample were added. The wells were properly shaken, mixed, and incubated for 2
minutes. A multi-channel pipette was used to add 10 pL of haematoxylin reagent to
begin the reaction. The content of each well was quickly mixed using instrument’s
shaker function; and, immediately, the absorbance at 560 nm was recorded. The SOD

activity was calculated as: SOD U/mL = 1.25 x % inhibition.

3.3.9.2 Glutathione peroxidase activity

Glutathione peroxidase activity (GPx) was measured using the Northwest Life Science
Specialist, Vancouver, Canada (NWLSS™) glutathione peroxidase assay kits protocol
NWK-GPx01. Briefly, for standard procedure for microplate assay, all reagents were
brought to room temperature (25°C). Diluted serum sample (50 pL) was added to the
wells and then 50 pL of working nicotinamide adenine dinucleotide phosphate
(NADPH) added to each well. Working H,O, (50 pL) was also added to each well.
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After waiting for 1 minute, microplate was placed in plate reader and read at 340 nm

wavelength (Flohe and Gunzler, 1984).

To calculate GPx concentration using the NADPH absorption coefficient, the GPx

concentration, expressed as mU/mL, was calculated using the GPx activity definition.

2(mRates . mRatep) . Vrkm
[GPx] = . df
2.74 .\,

Where mRates = -1,000 AA340/min of sample; mRate, = -1,000 AA340/min of blank;
2.74 = NADPH 340 nm millimolar absorption coefficient at 1 cm path length; Vrxm =
volume of reaction mixture; Vs = volume of sample; 2 = correction for 2 moles reduced
glutathione, oxidized to 1 mole glutathione disulfide (oxidized glutathione) per mole

NADPH oxidized; df = sample dilution factor.

3.3.9.3 Catalase activity

The catalase activity was measured as described by Abei (1984) using a catalase Kit,
purchased from Abcam PLC, 330 Cambridge Science Park, UK. Briefly, 12 pL of fresh
1 mM H,0, was added into each well of serum samples, positive control solution and
sample high control (HC) to start the reaction. Then, the samples were incubated at 25
°C for 30 minutes, and 10 pL of stop solution added into each sample well to stop the
reaction. For each well, 50 pL of developer mix containing: 46 pL of assay buffer, 2 uL
of OxiRed probe, and 2 pL of horseradish peroxidase solution was prepared. Fifty
microlitres of the developer mix was then added to each test sample, control and
standard. The samples were mixed well and incubated at 25 °C for 30 minutes, and the

optical density at 570 nm was measured in a plate reader.
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Calculation: Signal change by catalase in the sample was AA = AHC - Asample. AHC
was the reading of sample HC; sample A was the reading of sample in 30 minutes. H,0,
standard curve was plotted, and the AA was applied to the H,O, standard curve to get B
nmol of H,O, decomposed by catalase in 30 minutes reaction. Catalase activity was

then calculated as follows:

Catalase activity= _B x Sample dilution factor = nmol/min/mL = mU/mL
30xV

Where B was the decomposed H,0, amount from H,0, standard curve (in nmol); V was
the pretreated sample volume added into the well (in mL); 30 is the reaction time in 30
minutes; one unit of catalase was the amount of catalase that decomposed 1.0 pumol of

H,0, per minute at pH 4.5 at 25 °C.

3.4  Data Analyses

Data obtained were expressed as mean * standard error of mean (mean + SEM). The
values obtained were subjected to statistical analysis and compared using one-way
analysis of variance (ANOVA), followed by Tukey’s post-hoc test. Values of P < 0.05
were considered significant (Snedecor and Cochran, 1994), using GraphPad prism
version 5.0 (San Diego, California, USA) for Windows. Sexual comparisons between

bucks and does were done using Student’s t-test.
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CHAPTER FOUR

RESULTS

4.1 Thermal Environmental Parameters

During the study period, the DBT, RH, and THI values ranged between 24.5 - 35.2 °C,
41.7 - 84.0 % and 74.1 - 84.0, respectively. The overall mean values of DBT were 29.17
+ 252, 31.44 + 1.78 and 29.17 + 2.74 °C before, during and after treatment with L-
glutamine respectively. The mean RH values before, during and after treatment were
66.33 + 9.60 %, 51.22 + 6.88 % and 65.33 + 9.94 %, respectively. The mean THI before,
during, and after treatment were 79.00 + 2.44, 80.20 + 1.63, and 78.88 + 2.62,
respectively (Table 4.1). The DBT value was lowest at 6.00 h and highest at 13:00 h.
The highest THI value (84.04) was recorded at 13:00 h during the period of L-glutamine
administration, while the lowest value (74.08) was recorded at 6:00 h after L-glutamine

administration (Table 4.1).
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Table 4.1: Thermal environmental parameters in the pen during the study period

Before treatment During treatment Day 7 After treatment
Timeofday  DBT (°C) RH (%) THI DBT (°C)  RH (%) THI DBT (°C)  RH (%) THI
06:00 25.50 84.00 75.88 26.50 67.67 75.52 24.50 79.00 74.08
13:00 34.00 51.00 83.80 35.17 41.67 84.04 34.00 46.00 83.08
18:00 28.00 64.00 77.32 32.67 44.33 81.04 29.00 71.00 79.48

Mean + SEM  29.17+252 66.33+9.60 79.00+244 31.44+178 5122+6.88 80.20+1.63 29.17+274 6533+9.94 78.88+2.62

DBT = Dry-bulb temperature; RH = relative humidity; THI = temperature humidity index
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4.2  Effect of Treatment on Liveweight of the Goats during the Study Period

The mean liveweight of the experimental group ranged between 10.21 + 0.52 and 11.43
+ 0.68 kg while that of the conrol group ranged between 10.64 + 0.37 and 10.93 + 0.53
kg during the study period. There was no significant (P < 0.05) difference between the
liveweght of the experimental group when compared to those of the control group.
However, the liveweight of the experimental group was consistently higher than those

of the control group during and after L-glutamine administration (Figure 4.1).
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Figure 4.1: Effect of treatment with L-glutamine on liveweight of the goats during the

study period
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4.3  Fluctuations in Rectal Temperature of Red Sokoto Goats administered with
L-glutamine during the Hot-dry Season

The RT value obtained at 6:00 h was significantly lower (P < 0.05) than the
corresponding values recorded at 13:00 h and 18:00 h, respectively, during the study
period (Table 4.2). There was no significant difference in RT values between
experimental and control goats before L-glutamine administration (Figure 4.2), and the
overall mean values of RT in experimental and control goats before L-glutamine
administration were 39.04 £ 0.08 °C and 39.02 £ 0.08 °C, respectively (P > 0.05) (Table

4.2).

At each hour of recording during the period of L-glutamine administration, RT values in
experimental goats were significantly (P < 0.05) lower than the corresponding values
obtained in control goats. The overall mean values of RT in experimental and control
goats were 38.78 + 0.06 °C and 38.93 + 0.06 °C, respectively (P < 0.05). The RT values
in experimental goats were consistently lower than those of the control goats during L-

glutamine administration at 6:00 h, 13:00 h and 18:00 h (Figure 4.3).

At day 7 after L-glutamine administration, there was no significant difference between
RT values in experimental and control goats, except at 6:00 h, when the value in

controls was still higher (P < 0.05) than that of the experimental goats (Figure 4.4).
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Table 4.2: Fluctuations in Rectal temperature (°C) of Red Sokoto goats administered with L-glutamine during the hot-dry season (mean + SEM, n

= 14)
Before treatment During treatment Day 7 after treatment
Time of day Experimental Control Experimental Control Experimental Control
06:00 h 38.68 + 0.09*! 38.67 + 0.09*! 38.05 + 0.08*" 38.25 + 0.08*" 38.28 + 0.12*! 38.59 + 0.10*"
(38.1-39.2) (38.2 - 39.3) (37.1 - 39.5) (37.0 - 39.8) (37.1-38.8) (37.9-39.2)
13:00 h 39.34 + 0.09" 39.34 + 0.09" 39.15 + 0.06" 39.29 + 0.06" 39.01 +0.08" 39.03 +0.09"
(38.7 - 39.8) (38.6 - 39.8) (38.6 - 40.5) (38.6 - 40.2) (38.4 - 39.01) (38.6 - 39.7)
18:00 h 39.09 + 0.08" 39.06 + 0.08" 39.15 + 0.06" 39.26 + 0.05" 39.22 +0.08" 39.26 + 0.06"
(38.7 - 39.7) (38.6 - 39.7) (38.5 - 39.8) (38.6 - 39.9) (38.6 - 39.8) (39.0 - 39.6)
Overall mean +
SEM 39.04 + 0.08 39.02 + 0.09 38.78 + 0.06° 38.93 + 0.06" 38.84 +0.10 38.96 + 0.08

(38.68 - 39.34)

(38.67 - 39.34)

(38.05 - 39.15)

(38.25 - 39.29)

(38.28 - 39.22)

(38.59 - 39.26)

Values in parenthesis are minimum - maximum
a,b = means in the same column with different superscript letters are significantly (P < 0.05) different

i, I, iii = means in the same row with different superscript numerals are significantly (P < 0.05) different
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Figure 4.2: Diurnal fluctuations in rectal temperature (°C) of Red Sokoto goats before L-glutamine administration in the hot-dry season
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Figure 4.3: Diurnal fluctuations in rectal temperature (°C) of Red Sokoto goats during three weeks of L-glutamine administration in
the hot-dry season
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Figure 4.4: Diurnal fluctuations in rectal temperature (°C) of Red Sokoto goats day 7 after L-glutamine administration in the hot-dry
season
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4.4  Effect of L-glutamine Administration on Haematological Parameters

4.4.1 Effect of L-glutamine administration on packed cell volume

The PCV obtained in Red Sokoto goats before treatment with L-glutamine in the
experimental and control groups were similar (P > 0.05) (28.73 £ 1.07 % and 28.91 +
1.20 %, respectively). The mean PCV values of 28.57 £ 0.53 % and 28.90 + 0.76 %
recorded during and after L-glutamine administration in experimental group were
significantly higher (P < 0.05) than the corresponding mean values of 24.17 + 0.67 %
and 26.57 + 0.84 % recorded during and after L-glutamine administration, respectively,
in control group. Although the mean PCV values obtained in the experimental group
before, during and after treatment with L-glutamine were not significantly (P > 0.05)
different during the hot-dry season, the PCV recorded in the control group during (24.17
+ 0.67 %) administration of L-glutamine differed significantly (P < 0.05) when
compared with the values obtained before (28.19 + 1.20 %) and after (26.57 + 0.84 %)

L-glutamine administration (Table 4.3).

4.4.2 Effect of L-glutamine administration on haemoglobin concentration

The Hb concentrations recorded before, during and after L-glutamine administration in
the experimental group were similar (P > 0.05) (9.04 = 0.38 g/dL, 9.21 + 0.20 g/dL and
8.57 £ 0.31 g/dL, respectively). In the control group, the Hb concentrations before,
during and after the treatment were significantly (P < 0.05) different (9.29 + 0.20 g/dL,
6.86 £ 0.21 g/dL and 9.04 + 0.39 g/dL, respectively). The Hb concentration obtained
during the treatment in the experimental group (9.21 + 0.20 g/dL) was significantly (P <

0.05) higher than that of the controls (6.86 = 0.21 g/dL). (Table 4.3).
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4.4.3 Effect of L-glutamine administration on red blood cell count

The RBC counts obtained in the experimental and control groups before treatment were
similar (P > 0.05) (9.04 + 0.38 x 10%/pL and 9.29 + 0.44 x 10°/uL, respectively) (Table
4.3). During the treatment, the RBC count in the experimental group (11.45 + 0.24 x
10%pL) was higher (P < 0.05), when compared to that recorded in the control group
(8.75 + 0.21 x 10°uL). The RBC counts obtained before, during and after treatment in
the experimental group were not significantly (P > 0.05) different. The RBC counts
recorded in the control group before (11.56 + 0.50 x 10%/uL) and after (10.87 + 0.48 x
10%/uL) treatment were higher (P < 0.05), when compared to that obtained during the

treatment (8.75 % 0.20 x 10%/uL).

4.4.4 Effect of L-glutamine administration on mean corpuscular volume

The MCV obtained before treatment in the experimental and control groups were
similar (P > 0.05) (24.30 + 0.41 fL and 24.59 + 0.40 fL, respectively) (Table 4.3).
During treatment, the MCV obtained in the experimental group (24.45 £ 0.31 fL) was
higher (P < 0.05) than that recorded in the control group (19.99 + 0.38 fL). The MCV
values obtained in the experimental group before, during and after treatment with L-

glutamine were not significantly (P > 0.05) different.

4.45 Effect of L-glutamine administration on mean corpuscular haemoglobin

The MCH values obtained before treatment in the experimental and control groups were
7.73 £ 0.14 pg and 7.79 £ 0.13 pg (P > 0.05), respectively (Table 4.3). In the
experimental and control groups, the values recorded during treatment were 7.69 + 0.09

pg and 6.92 + 0.15 pg (P < 0.05), respectively. The MCV values in the experimental
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group before, during and after treatment with L-glutamine were not significantly (P >

0.05) different (Table 4.3).

446 Effect of L-glutamine administration on mean corpuscular haemoglobin

concentration

The MCHC recorded in Red Sokoto goats during the hot-dry season before, during and
after treatment with L-glutamine in the experimental group were 31.48 + 0.49 %, 31.68
+ 0.35 % and 31.05 = 0.54 % (P > 0.05), respectively. During the treatment, the MCHC
obtained in the experimental group (31.68 £ 0.35 %) was higher (P < 0.05) than that of

the control group (28.13 £ 0.44 %) (Table 4.3).

4.4.7 Effect of L-glutamine administration on total white blood cell count

The mean WBC counts recorded before treatment in the experimental and control
groups were 8.91 + 0.2 x 10%pL and 9.14 # 0.35 x 10°/uL, respectively. The WBC
counts in the experimental and control groups during treatment were 10.89 + 0.17 X
10*/uL and 6.93 + 0.27 x 10%/uL (P < 0.001), respectively. The WBC counts recorded
after treatment in the experimental group (11.00 + 0.27 x 10*/uL) was also higher (P <
0.001) than that recorded in the control group (6.04 + 0.54 x 10%/uL). The WBC counts
in the experimental group before treatment was significantly (P < 0.05) lower than the

count during or after treatment (Table 4.4).

4.4.8 Effect of L-glutamine administration on neutrophil count

The neutrophil counts obtained before treatment with L-glutamine in the experimental

group (3.85 + 0.24 x 10°/uL), was lower (P < 0.05) than the count recorded during (5.53
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+ 0.15 x 10%pL) and after (5.91 + 0.22 x 10*/uL) treatment. During treatment, the
neutrophil count obtained in the experimental group (5.53 + 0.15 x 10*/pL) was higher
(P < 0.05) than the count recorded in the control group (2.83 + 0.15 x 10%/pL). The
neutrophil counts obtained before, during and after treatment in the experimental group
were not significantly (P > 0.05) different. The neutrophil count obtained in the control
group during (2.83 + 0.15 x 10°*/uL) and after (2.18 + 0.22 x 10%/uL) the treatment were

lower (P < 0.05) than that recorded before treatment (3.81 + 0.28 x 10%/uL) (Table 4.4).

4.4.9 Effect of L-glutamine administration on lymphocyte count

The lymphocyte count obtained before treatment in the experimental and control groups
were 3.96 + 0.23 x 10%/uL and 4.52 + 0.25 x 10%/uL, respectively. The lymphocyte
count obtained during treatment in the experimental group (5.63 + 0.14 x 10%/pL) was
higher (P < 0.05) than the count recorded in the control group (3.00 + 0.14 x 10%/uL).
The lymphocyte count recorded after treatment with L-glutamine in the experimental
group was 6.27 + 0.14 x 10%puL, and 2.33 + 0.21 x 10°/uL for the control group (P <
0.01). During treatment, the lymphocyte count obtained in the experimental group (5.63
+ 0.14 x 10%/uL) was higher (P < 0.05) than the count recorded in the control group
(3.00 + 0.14 x 10%/uL). The lymphocyte count obtained in the experimental group
before treatment (3.96 + 0.23 x 10*/uL) was lower (P < 0.05), when compared to the
count obtained during (5.63 + 0.14 x 10%/uL) and after (6.27 + 0.14 x 10%/uL) treatment

(Table 4.4),
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4.4.10 Effect of L-glutamine administration on neutrophil:lymphocyte ratio

The mean neutrophil:lymphocyte ratio during L-glutamine supplementation was higher
(P < 0.05) in experimental (1.00 £ 0.04) group than in the control (0.88 + 0.04) group

(Table 4.4).
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Table 4.3: Erythrocytic parameters and serum protein of Red Sokoto goats administered with L-glutamine during the hot-dry season (mean *

SEM, n = 14)
Before treatment During treatment Day 7 after treatment

Parameters Experimental Control Experimental Control Experimental Control
Packed cell volume, % 28.73 £1.07% 28.91 +1.20° 28.57 +0.53% 24.17 +0.67" 28.9+0.76° 26.57 +0.84°
Haemoglobin concentration, g/dL 09.04 +0.387 09.29+0.44*®  09.21+0.20* 06.86+0.21° 0857 +0.31*° 09.04 + 0.39°
Red blood cell count, x 106/uL 11.4 +0.54* 11.56 + 0.50° 11.45+0.24*° 08.75+0.21° 10.56 + 0.49° 10.87 + 0.48°
Mean corpuscular volume, fL 243+0.41° 2459+040° 2445+0.31° 19.99+0.38" 27.81+0.91° 24.79+0.91°
Mean corpuscular haemoglobin, pg 07.73+0.14*° 07.79+0.13°  07.69+0.09° 06.92+0.15"° 07.83+0.15° 07.66 +0.18°
Mean corpuscular haemoglobin concentration, %  31.48 + 0.49° 32.09+0.42°  31.68+0.35° 28.13+0.44° 31.05+0.54* 31.63+0.47°
Total protein, g/L 64.79 +0.9° 65.14+0.7° 67.61+0.6° 66.50 +0.6° 68.14 +0.8°  64.21 +0.9°
Albumin, g/L 33.79+0.7° 3479+0.7°  38.39+0.6° 36.18+0.6°  37.50+09° 36.71%1.0°

Values in the same row with different superscripts are significantly (P < 0.05) different
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Table 4.4: Leucocyte counts in Red Sokoto goats administered with L-glutamine during the hot-dry season (mean £ SEM, n = 14)

Before treatment

During treatment

Day 7 after treatment

Parameters Experimental Control Experimental Control Experimental Control
WBC count (x 10%/uL) 8.91+0.20° 9.14+0.35° 10.89 +0.17° 6.93+0.27° 11.00 +0.27° 06.04 + 0.54°
Neutrophil count (x 10*/uL) 3.85+0.24*° 381+0.28° 553+0.15° 2.83+0.15 591+022° 2.18+0.22°
Lymphocyte count (x 10%/pL) 3.96+023% 452+0.25° 563+0.14° 3.00+0.14° 6.27+0.14° 2.33+0.21°
Neutrophil:Lymphocyte ratio 0.94 £ 0.07 0.90 £ 0.07 1.00+0.04° 0.88+0.04" 095+0.05 0.90 +0.07
Monocyte count (x 10%/uL) 0.39+£0.12 0.37 £ 0.07 029+0.04 048+0.14 0.15%+0.03 0.09+0.04
Eosinophil count (x 10*/uL) 0.07 £0.02 0.15 £ 0.00 0.05+£0.00 036+£0.21 0.05+£0.00 0.00%0.00
Basophil count (x 10%/uL) 0.00 £ 0.00 0.08 £ 0.00 0.00£0.00 0.14+£0.00 0.00+0.00 0.00%0.00
Band cell count (x 10°/uL) 0.26 +0.13 0.18 + 0.09 0.18+0.04 0.18+0.02 0.00£0.00 0.06+0.02

Values in the same row with different superscripts are significantly (P < 0.05) different

Monocyte, eosinophil, basophil and band cell counts were not compared
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45  Effect of L-glutamine on Biomarkers of Oxidative Stress in Red Sokoto

Goats during the Hot-dry Season

4.5.1 Erythrocyte osmotic fragility in Red Sokoto goats during the study period

The EOF in both experimental and control goats decreased as NaCl concentrations
increased from 0 to 0.9 %. There was no significant (P > 0.05) difference in EOF
between the experimental and control goats before and after L-glutamine administration
(Figure 4.5; 4.7). The EOF in experimental goats was significantly (P < 0.05) lower than
that in the control goats at 0.5 % and 0.7 % concentrations of NaCl during the three-

week period of L-glutamine administration (Figure 4.6).
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Figure 4.5: Dynamics of changes in erythrocyte osmotic fragility in Red Sokoto goats before L-glutamine administration
during the hot-dry season
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Figure 4.6: Dynamics of changes in erythrocyte osmotic fragility in Red Sokoto goats during 3-week L-glutamine administration in the
hot-dry season. a, b =P <0.05
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4.5.2 Variation in malondialdehyde concentration

The MDA concentration in the experimental goats (1.47 £ 0.1 nmol/L) was significantly
(P < 0.05) lower than that recorded in the control goats (1.75 + 0.1 nmol/L) during the
period of L-glutamine administration. There was no significant difference in MDA
concentrations between the experimental and control goats before and after L-glutamine
administration. The concentrations of MDA recorded in both experimental and control
goats were higher during the period of L-glutamine administration than before or after

its administration (Figure 4.8).
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Figure 4.8: Effect of L-glutamine administration on serum malondialdehyde concentration in Red Sokoto goats during the hot-dry
season. a, b =P <0.05
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4.5.3 Variation in activities of antioxidant enzymes

4.5.3.1 Superoxide dismutase activity

Before L-glutamine administration, there was no significant (P > 0.05) difference in
SOD activity in the experimental goats, when compared with the control goats.
However, during the period of L-glutamine administration, SOD activity in the
experimental goats (2.29 £ 0.04 1U/L) was significantly (P < 0.05) higher that the values
obtained in the control goats (2.10 + 0.04 1U/L). There was no significant difference in
SOD activities between experimental and control goats after L-glutamine administration

(Figure 4.9).

62



Superoxide dismutase activity (IU/L)

2.4 A

2.2 A

@ Experimental (n=14)

Control (n=14)

2.1 A

1.9 -

1.8 - —

Before treatment During treatment Day 7 After treatment

Figure 4.9: Effect of L-glutamine administration on serum superoxide dismutase activity in Red Sokoto goats
during the hot-dry season. a, b =P <0.05
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4.5.3.2 Glutathione peroxidase activity

There was no significant (P > 0.05) difference in gluthathione peroxidase activity
between experimental and control goats before and after L-glutamine administration.
However, activity of glutathione peroxidase recorded during L-glutamine administration
in experimental goats (44.82 + 0.98 IU/L) was higher (P < 0.05) than that recorded in
the control goats (42.26 + 0.65 IU/L) (Figure 4.10). Activities recorded in experimental
and control goats before (54.14 + 1.07 and 53.79 + 1.17 IU/L, respectively) L-glutamine
administration were significantly (P < 0.05) higher than those recorded during (44.82 +
0.98 and 42.46 + 0.65 IU/L, respectively) or after (45.86 + 0.88 and 44.86 + 0.88 IU/L,

respectively) L-glutamine administration.

64



60 -

8 Experimental (n=14)
Control (n=14)

Glutathione peroxidase activity (1U/L)

Before treatment During treatment Day 7 after treatment

Figure 4.10: Effect of L-glutamine administration on serum glutathione peroxidase activity in Red Sokoto goats
during the hot-dry season. a, b = P < 0.05
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4.5.3.3 Catalase activity

The catalase activity recorded in the experimental goats (48.96 + 0.9 IU/L) was
significantly (P < 0.05) higher than the activity recorded in the control goats (44.04 +
0.9 IU/L) during the period of L-glutamine administration (Figure 4.11). There was no
significant difference in the catalase activities between experimental and control goats
before L-glutamine administration. The catalase activity in experimental goats was
significantly (P < 0.05) higher than in control goats after L-glutamine administration

(Figure 4.11).

4.6 Sexual variation

There were no significant differences between bucks and does for all the parameters

(\Values not shown).
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CHAPTER FIVE

DISCUSSION

51 Thermal Environmental Parameters

The DBT values recorded during the study period were predominantly outside the
thermoneutral values of 13 - 27 °C established for goats in tropical zone (Misra and
Puneet, 2009). Similarly, the RH values recorded were predominantly outside the
optimal range of 65 - 75 % (Minka and Ayo, 2010) for goats; but are similar to those of
Minka and Ayo, (2014), who obtained 26.2 - 37.7 °C for DBT and 50 - 80 % for RH
during the hot-dry season in the Northern Guinea Savanna zone of Nigeria. The high
RH further compounded the deleterious effects of high AT as it reduces evaporative
heat loss; thus, inducing heat stress. The results of the present study further indicate that
the hot-dry season (March - May) in the Northern Guinea Savanna zone is thermally

stressful to the goats.

The THI, which is a parameter widely used to describe the heat load in an animal, is a
good indicator of how thermally stressful thermal environment conditions are (Tao and
Xin, 2003). The overall mean THI values before, during and after treatment with L-
glutamine (Table 4.1) were above the normal value of 70 for ruminants (Silanikove,
2000a), indicating that the goats were exposed to high heat load and thus, under heat
stress. THI values of 70 or less are considered comfortable; 75 - 78 stressful; and values
greater than 78 cause extreme distress, and animals are unable to maintain
thermoregulatory mechanisms or normal body temperature. The high values of THI
recorded during this study, especially at 13:00 h show that the goats were under extreme
distress. THI values were also generally higher during L-glutamine administration than
before or after the administration, which also suggest that the period was most thermally
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stressful to the goats. Minka and Ayo (2012) showed that high heat load was thermally
stressful to Red Sokoto goats that were transported for 12 h during the hot-dry season.
Generation of ROS is excessively high during heat stress, resulting in oxidative stress,
shown to reduce productivity, increase susceptibility to diseases and increase mortality.
This is because antioxidant capacity is overwhelmed (Bohmanova et al., 2007; Celi,

2011; Adenkola and Ayo, 2013).

5.2  Fluctuations in Rectal Temperature of Red Sokoto Goats administered with

L-glutamine during the Hot-dry Season

In the present study, the RT values showed diurnal fluctuations in both experimental
and control goats before, during and after L-glutamine administration. The result agrees
with the findings that RT in goats varies with the hour of the day (Minka and Ayo,
2012). The RT is controlled by a biological “clock™, located in the suprachiasmatic
nucleus of the brain. The significantly (P < 0.05) lower values of RT recorded in the
experimental goats between 06:00 h and 18:00 h during L-glutamine administration
showed that L-glutamine decreased the RT in the goats. This result agrees with the
finding of Hsu et al. (2012), who reported that L-glutamine lowered RT in
lipopolysaccharide-challenged pigs. The finding of the present study differs from that of
Lindinger and Anderson (2014), who found no significant difference in RT of horses

supplemented with L-glutamine-containing diet for nine weeks.

Although the mechanism by which L-glutamine reduced the RT in the experimental
goats was not investigated in the present study, Hsu et al. (2012) suggested that L-
glutamine prevents rise in RT by modulating the expression of plasma tumour necrotic

factor-alpha, thus reducing inflammation. The mechanism by which L-glutamine
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exerted this effect has not been fully elucidated, but it could be through enhancement of
glutathione production. L-glutamine is also involved in signaling pathways and may be
involved in regulation of heat-shock proteins, which facilitate the adaptation of animals
to high environmental temperature (Mohanarao et al., 2014). The difference in the
present finding and that of Lindinger and Anderson (2014) may be due to different
experimental subjects used, mode of L-glutamine administration, and the environmental
conditions in which the horses were kept. It is hypothesized that L-glutamine exerts RT
lowering effect through antioxidant mechanism by increasing glutathione production
(Roth et al. 2002) and, thus, its administration may be beneficial in heat stress
alleviation in goats. Further investigations into the molecular mechanism of L-

glutamine effect on RT are warranted.

5.3  Effect of L-glutamine Administration on Haematological Parameters

The haematological values, recorded in the experimental and control groups of Red
Sokoto goats were within the normal reference range established for goats (Ambore et
al., 2009; McManus et al., 2009; Schalm et al., 2010; Hashem, 2014). In the present
study, values of the haematological parameters decreased in the control group, that were
not treated with L-glutamine, and exposed to environmental heat stress. This finding
suggests that heat stress decreased haematological parameters of the goats, and this is in
agreement with the result obtained by Sivakumar et al. (2010) in goats, and in sheep
subjected to heat stress (Srikandakumar et al., 2003). The reduction in RBC, PCV, Hb,
MCYV and MCH obtained in the present study may be due to increased attack of ROS on
the RBC membrane and, consequently, resulting in RBC lysis (haemolysis). Heat stress
significantly alters haematological parameters, and antioxidant supplementation has

been shown to ameliorate its negative effects on the parameters in Malpura ewes (Sejian
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et al., 2014). The reduction in haematological parameters in the control group, recorded
in the presented study also agreed with the result obtained by Kumar et al. (2011), who
observed that Beetal goats exposed to heat stress exhibited lower PCV, RBC and Hb,
and the use of antioxidant vitamins C and E ameliorated the adverse effects. Hashem
(2014) observed increased haematological values in sheared Balady and Damascus
goats, exposed to heat stress during summer, which disagreed with the result of the

present study. The difference in the results may be due to season and breed.

The finding that values of the erythrocytic parameters in the present study were higher
in the group administered with L-glutamine, may suggest that L-glutamine enhanced
erythropoiesis in the goats. Furthermore, L-glutamine, as an antioxidant, apparently
reduced haemolysis and preserved the RBC integrity by reducing the oxidative effect of
ROS, generated in excess during heat stress. Likewise, antioxidants such as ascorbic
acid and vitamin E are ROS scavengers, which protect the body defence systems against
ROS-induced damages during heat stress (Sivakumar et al., 2010; Olaifa et al., 2012).
As an antioxidant and immunonutrient (EI-Sheikh and Khalil, 2011), L-glutamine, like
other antioxidants, apparently delays autoxidation by inhibiting the formation of ROS or

by interrupting the propagation of ROS (Brewer, 2011).

The PCV, Hb, MCHC values obtained in the present study were similar to those
recorded in West African Dwarf goats in South-Eastern Nigeria (Opara et al., 2010),
although the MCV, MCH and WBC were however slightly higher, in the West African
Dwarf goats than those of the present study. Similarly, the present study showed that the
PCV, RBC, Hb, MCHC and WBC values were lower, as compared to those obtained by
Elitok (2012) in Saanen goats of Turkey, however, the MCV and MCH values were
higher in the present study. The differences observed in the present study may be due to

geographical location, breed and nutrition (Frelich et al. 2006; Tripathi et al. 2008;
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Temizel et al., 2009). The variations in physiological and haematological parameters in
heat-adapted goats may be due to their adaptation to different environmental and
geographical conditions, essential for their survival (Banerjee et al., 2014).
Haematological values in the experimental and control groups were lower than those
reported by Temizel et al. (2009) in Saanen goats, but values obtained by Habibu et al.
(2014) in male Red Sokoto goats were higher than those recorded in both experimental
and control groups in the present study. The difference in the result of the present study
with that of Habibu et al. (2014) may be due to age difference between animals of the

present study and those of Habibu et al. (2014).

The increase in differential leucocyte count and erythrocytic parameters observed in the
experimental group of Red Sokoto goats was similar to the finding of Soltan (2009),
who observed that glutamine supplementation significantly increased red blood cell and
white blood cell counts in birds. The results of the present study indicate that L-
glutamine is important for lymphocyte proliferation, cytokine production, phagocytosis
and secretion by macrophages (Sakamoto et al., 2006). Glutamine acts as
immunonutrients by potentiating immunocytes such as lymphocytes, macrophages and
neutrophils, preserving the immune-competence of the body following major surgical
procedures and promoting wound healing conditionally (Caroprese et al., 2012; Hu et
al., 2013). Oral supplementations with glutamine are effective in attenuating oxidative
stress and the pro-inflammatory responses induced by endotoxaemia (Cruzat et al.,
2014). In the present study, L-glutamine supplementation increased the total and
differential leucocyte counts in the peripheral blood, and this finding may be related to
the fact that glutamine is essential to cell division processes, including haemopoiesis in
the bone marrow (Li et al., 2009; Wu, 2010; Xi et al., 2010; Ruth and Field, 2013). The

decrease in leucocyte and neutrophil counts observed in the control group agreed with

72



the finding of Wojtas et al. (2014) who observed a decrease in leucocyte and neutrophil
counts in heat-stressed Merino sheep,. The leucocyte counts obtained in the
experimental and control groups in the present study, were lower than those recorded by
Piccione et al. (2008) in Valle del Belice ewes of Palermo, Italy, subjected to heat
stress; Decampos et al. (2013) in West African Dwarf sheep; and by Okoruwa (2014) in
West African Dwarf goats in Southern Nigeria. The leucocyte, neutrophil and
lymphocyte counts obtained in the present study (Table 4.4) were similar to the
corresponding counts (10.60 + 0.25 x 10%/uL, 4.60 + 0.18 x 10*/pL and 4.94 + 0.15 x
10%/uL, respectively), recorded by Piccione et al. (2010) in Girgentana goats. The
leucocyte count recorded by Mubi et al. (2015) in Yankassa sheep (6.79 + 4.5 x 10°/uL)
was lower, when compared to the count obtained in the present study (8.82 = 0.83 x

10%/uL).

54  Erythrocyte Osmotic Fragility in Red Sokoto Goats during the Study

Period

The result showed that L-glutamine administration protected the integrity of the caprine
erythrocyte membrane during the hot-dry season. Thus, L-glutamine has antioxidant
potentials in the amelioration of heat stress in goats. The significantly lower EOF at 0.5
and 0.7 % NacCl, in the experimental group during the three-week period of L-glutamine
administration showed that L-glutamine exerted protective effect on the integrity of the
erythrocyte membrane. The erythrocytes of goats are relatively resistant to osmotic
perturbation which may due to the nature of their cell membrane, and high level of
stress is needed to deform its membranes (Minka and Ayo, 2010; Schalm et al., 2010).
The higher osmotic fragility recorded in the control group indicated that the

meteorological conditions were stressful to the goats during the study period. The
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findings of the present study agrees with that of Minka and Ayo (2010), who reported
that antioxidant vitamin, ascorbic acid, protects the erythrocytes of goats, subjected to

12-h transportation and heat stresses during the hot-dry season.

5.5  Variation in Malondialdehyde Concentration

The result showed that L-glutamine mitigated heat stress-induced increase in MDA
concentration in the experimental goats. The finding agrees with the result obtained by
Yang et al. (2011) and Cruzat et al. (2014), who, independently showed that L-
glutamine reduces MDA concentrations in Haemophilus parasuis-infected mice and
lipopolysaccharide-challenged mice, respectively. MDA is a sensitive biomarker of
oxidative stress. The reduction observed in this study may be as a result of the activities
of glutathione-dependent antioxidant systems. L-glutamine is one of the precursors of
glutathione (Cavalcante and de Vasconcelos, 2015), and its supplementation preserves
glutathione during stress. The higher MDA concentrations recorded in both
experimental and control goats during the period of L-glutamine supplementation,
suggests strongly that the period was more thermally stressful to the goats than any
other period of the study. This was evidenced by the highest THI recorded during the

period of L-glutamine administration (Table 4.1).

5.6  Variation in Antioxidant Enzyme Activities

The result also showed that L-glutamine increased the activities of serum antioxidant
enzymes during the period of L-glutamine administration. The finding agrees with the

result of Hu et al. (2014), who showed that L-glutamine improves repair activity in fish
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erythrocytes after challenge with H,O, by restoring H,O,-induced decrease in

glutathione concentration, activities of glutamine peroxidase and superoxide dismutase.

The finding that L-glutamine relatively sustained the SOD, glutathione peroxidase and
catalase activities in the experimental goats suggests that its administration during heat
stress and other stressful conditions may be beneficial to goats reared in the Northern
Guinea Savanna zone of Nigeria, especially during the hot-dry season. L-glutamine, as a
major respiratory fuel for rapidly-dividing cells, has been shown to improve immune
status and gut health by maintaining redox status (Wu et al., 2011; Rao and Samak,
2012). It enhances the antioxidant status of animals by increasing ROS-scavenging
activity of the antioxidant enzymes. This finding was demonstrated by the significantly
higher antioxidant enzyme activities in the experimental goats, when compared to that

of the control group.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

It is concluded that:

1) The hot-dry season imposed heat load on the goats, which adversely affected their
rectal temperature, haematological and oxidative stress parameters during the hot-dry

season.

2) The administration of L-glutamine to Red Sokoto goats at 0.2 g/kg body weight per
os ameliorated the adverse effects of heat stress on their rectal temperature,

haematological and oxidative stress parameters during the hot-dry season.

6.2 Recommendations

It is recommended that:

1) L-glutamine should be administered to goats (at 0.2 g/kg body weight) during the
hot-dry season to ameliorate heat stress, improve their health, and, consequently,

productivity.

2) Rectal temperature and indices of oxidative stress, such as erythrocyte osmotic
fragility, malondialdehyde levels and activities of antioxidant enzymes, may be useful

diagnostic tools for evaluating effects of heat stress in goats during the hot-dry season.

3) Further investigations should be carried out to ascertain the optimal dose of L-

glutamine in goats during the hot-dry season.
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4) Further studies are also required to elucidate the mechanism by which L-glutamine

ameliorates oxidative changes in goats subjected to heat stress.

5) Studies on inclusion of L-glutamine into the diet of heat-stressed goats are suggested.
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APPENDICES

Appendix I: Mean = SEM erythrocyte osmotic fragility in both experimental (n=14) and control (n=14) goats the study period

Before treatment

During treatment

After treatment

% NaCl Experimental Control Experimental Control Experimental Control

0.9 2.02+041 2.276 £ 0.45 249 +0.27 2.62+0.30 2.06 £ 0.57 2355 +1.11
0.7 65.58 + 5.56 64.82 + 4.96 67.15+2.48 72.44 +2.23 56.26 + 4.80 51.46 + 4.26
0.5 76.83 £5.69 84.78 £ 1.96 75.72+2.13 79.91+211 69.94 +5.15 76.92 + 3.50
0.3 86.99 + 2.96 89.77 £ 1.07 83.51+1.78 86.78 +1.74 81.8+3.01 82.62 + 3.02
0.1 90.75 + 3.58 92.64 + 0.84 92.93 +0.94 93.11 +1.09 89.44 + 2.97 90.92 + 3.25
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Appendix Il: Dynamics of changes in oxidative stress parameters in Red Sokoto goats administered with L-glutamine during the hot-dry season

(mean + SEM)

Before treatment During treatment Day 7 after treatment
Parameters Experimental Control Experimental Control Experimental ~ Control
Malondialdehyde concentration
(nmol/L) 1.29£0.08 1.26 £ 0.05 1.47+0.05 1.75+0.05 1.30 £ 0.04 1.34+0.06
Superoxide dismutase activity(IU/L) 2.34+£0.04 2.39£0.05 229+0.04 210£0.04 2.37 £ 0.05 2.36 + 0.04
Glutathione peroxidase activity (1U/L) 5414+1.07 53.79+117 4482+098 42.46+0.65 45.86 £ 0.88 44.86 £ 0.88
Catalase activity (IU/L) 4793+122 47.43+0.92 48.96+0.93 44.04+0.91 48.93+1.16 46.14 + 1.09
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Appendix I11: Rectal temperature (°C) of goats before L-glutamine administration

6:00 h 13:00 h 18:00 h
S/No. Experimental Control Experimental Control Experimental Control
1 37.1 39.5 39.5 39.8 39.3 39.0
2 37.3 38.8 39.5 38.9 39.3 39.4
3 37.1 384 39.8 39.0 39.4 39.0
4 385 38.9 39.0 39.5 38.8 39.5
5 38.2 39.0 39.4 39.4 38.7 38.9
6 37.9 38.4 38.9 39.7 38.8 38.9
7 385 38.2 38.7 39.4 38.9 39.1
8 385 39.3 39.0 39.6 39.3 39.7
9 38.3 38.6 39.5 39.3 39.1 39.0
10 39.0 38.9 39.5 39.4 39.0 39.0
11 39.0 38.6 39.3 39.5 39.7 39.1
12 38.6 38.5 39.3 39.6 39.0 38.8
13 39.0 38.2 39.6 39.0 39.0 38.8
14 39.2 38.6 39.1 38.6 38.9 38.6

S/No 1-7 = bucks and 8-14 = does (for appendices 3-17).
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Appendix IV: Rectal temperature (°C) of goats week one of L-glutamine administration

6:00 h 13:00 h 18:00 h
S/No. Experimental Control Experimental Control Experimental Control
1 37.8 374 40.2 38.9 40.3 39.4
2 385 375 39.2 38.6 39.8 38.8
3 38.2 37.9 39.0 39.4 39.6 39.9
4 38.6 38.8 38.9 38.8 39.3 39.2
5 385 39.8 38.9 39.5 39.3 39.6
6 39.1 38.5 39.2 39.8 39.2 40.2
7 39.2 39.0 39.0 39.8 39.2 39.6
8 375 38.0 38.8 39.2 39.2 39.4
9 38.2 38.4 39.2 38.9 39.5 394
10 38.7 38.1 394 39.0 39.9 39.3
11 38.8 38.2 39.3 38.9 39.6 39.5
12 38.2 37.7 39.2 39.2 39.3 394
13 37.8 37.2 39.3 39.1 39.5 39.8
14 38.9 38.1 39.0 39.0 39.2 39.5
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Appendix V: Rectal temperature (°C) of goats week two of L-glutamine administration

6:00 h 13:00 h 18:00 h
S/No. Experimental Control Experimental Control  Experimental Control
1 37.8 374 39.6 39.7 39.8 39.8
2 37.2 38.5 39.0 38.8 39.6 38.8
3 37.2 38.4 39.0 40.2 394 40.2
4 37.7 37.6 39.1 39.7 39.6 38.9
5 38.0 38.6 39.0 39.7 39.3 39.6
6 37.3 37.9 39.3 40.0 39.3 39.6
7 37.8 38.0 38.8 39.7 39.5 39.6
8 37.1 38.6 394 39.3 39.5 39.3
9 38.4 38.7 39.1 39.9 39.0 39.8
10 38.0 38.6 39.3 39.4 39.4 39.3
11 38.7 38.8 39.3 39.4 39.3 39.4
12 38.7 38.2 39.7 39.3 39.7 39.4
13 37.7 38.2 39.2 39.2 39.4 39.6
14 39.5 38.5 40.5 38.9 39.8 39.0
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Appendix VI: Rectal temperature (°C) of Red Sokoto goats week three of L-glutamine
administration

6:00 h 13:00 h 18:00 h
S/No. Experimental Control Experimental Control Experimental Control
1 37.8 37.7 39.2 39.4 38.8 39.1
2 37.9 37 39.0 39.2 39.5 374
3 38.0 37.8 38.7 39.5 37.9 38.8
4 38.0 38.0 38.7 39.4 38.8 39.3
5 37.8 38.0 38.6 39.5 38 39.5
6 38.4 37.9 38.6 39.7 38.9 39.0
7 38.5 37.9 38.7 39.5 38.5 38.6
8 37.5 38.2 39.2 38.8 385 39.2
9 38.5 38.7 39.2 38.9 38.8 38.8
10 37.2 39.0 39.9 39.3 39.5 39.2
11 38.5 38.9 38.9 39 38.9 38.6
12 38.5 38.3 39.3 38.9 39.5 38.9
13 38.9 38.1 39.5 38.9 39.3 38.9
14 38.8 38.6 39.0 38.8 38.8 38.5
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Appendix VII: Rectal temperature (°C) of goats week after L-glutamine administration

6:00 h 13:00 h 18:00 h
S/No. Experimental Control Experimental Control Experimental Control
1 38.0 38.5 39.9 38.7 39.2 39.1
2 37.1 38.6 38.7 38.6 39.8 39.2
3 38.2 38.6 39.1 39.3 38.9 39.3
4 38.2 38.5 39.1 394 39.2 39.0
5 38.8 39.0 39.2 39.7 39.3 39.5
6 38.0 38.0 38.9 38.7 38.9 39.0
7 38.5 39.0 38.9 39.0 39.2 39.3
8 37.8 38.2 39.1 38.8 39.4 39.0
9 38.7 38.5 39.0 38.7 39.3 39.0
10 38.5 39.2 39.3 39.0 39.3 39.1
11 38.6 39.1 39.1 39.5 39.0 39.6
12 38.7 38.6 39.5 39.0 39.6 39.6
13 384 37.9 39.1 39.0 39.4 39.6
14 38.4 38.5 38.5 39.0 38.6 39.4
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Appendix VIII: Packed cell volume (%) in Red Sokoto goats during the study period

Before treatment Week 1 of treatment Week 2 of treatment Week 3 of treatment After treatment
S/No. Experimental Control Experimental Control Experimental Control Experimental Control Experimental Control
1 32.6 26.7 31.9 22.8 32.3 20.8 33.01 18.8 32.4 25.9
2 29.5 355 28.3 33.3 27.9 31.2 27.3 29.5 28.5 255
3 28.9 36.5 27.5 33.7 26.9 30.5 27.4 28.4 28.5 28.5
4 33.9 32.3 32.7 29.4 334 27.4 32.9 26.5 32.9 27.3
5 27.7 29.4 26.9 27.5 27.4 24.6 27.9 22.6 27.5 27.4
6 36.3 25.9 35.2 22.5 36.2 18.8 35.8 26.3 34.3 24.9
7 30.3 30.8 29.8 27.5 30.2 24.5 29.7 22.8 30.5 29.8
8 24.5 29.8 23.5 24.8 23.6 22.4 24.4 21.2 26.5 27.8
9 29.3 25.1 29.5 21.6 29.6 19.6 29.3 16.7 28.3 24.1
10 25.9 18.8 28.3 16.3 29.3 15.3 28.8 24.9 27.9 17.8
11 20.4 30.5 21.5 21.7 23.2 25.7 22.8 23.9 23.4 26.6
12 28.4 27.7 28.9 24.8 27.9 22.8 28.1 24.8 29.4 28.7
13 28.9 29.8 27.5 26.5 28.5 23.5 27.8 22.5 27.9 30.8
14 25.6 25.9 24.5 22.6 26.5 20.6 25.9 17.6 26.6 26.9
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Appendix IX: Haemoglobin concentration (g/dL) in Red Sokoto goats during the study period

Before treatment Week 1 of treatment Week 2 of treatment Week 3 of treatment After treatment

S/No. Experimental Control Experimental Control Experimental Control Experimental Control Experimental Control
1 115 8.0 10.9 6.6 11.3 5.9 10.6 5.5 10.4 8.7
2 8.9 11.3 9.2 9.3 8.9 7.3 8.6 6.9 8.4 10.3
3 9.8 12.5 8.9 10.8 9.4 8.8 9.9 7.8 9.3 12.4
4 10.3 11.6 9.7 9.5 9.3 6.5 10.5 6.3 9.5 10.6
5 8.4 9.3 8.6 8.3 9.6 7.7 11.2 7.2 8.5 8.3
6 11.7 7.9 12.2 6.3 11.8 5.5 12.2 7.5 10.7 6.9
7 9.6 9.9 9.3 8.5 8.5 6.5 9.3 5.7 8.9 9.6
8 7.6 9.6 7.4 8.3 1.7 6.7 8.4 5.7 7.4 9.3
9 8.6 7.9 8.3 6.3 8.8 5.8 9.3 4.8 8.3 7.4
10 7.8 6.3 7.4 5.5 8.4 4.5 7.9 7.4 7.3 7.3
11 6.9 9.3 6.8 7.6 7.1 6.8 8.3 6.1 6.4 8.3
12 8.3 8.8 8.7 6.9 8.4 5.9 8.9 5.2 8.2 9.8
13 8.9 9.4 8.7 8.3 9.3 7.3 10.3 7.3 8.4 8.8
14 8.3 8.3 8.7 6.9 8.5 5.7 9.4 4.7 8.3 8.9
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Appendix X: Red blood cell count (x 10%/uL) in Red Sokoto goats during the study period

Before treatment Week 1 of treatment Week 2 of treatment Week 3 of treatment After treatment

S/No. Experimental Control Experimental Control Experimental Control Experimental Control Experimental Control
1 13.5 9.8 13.6 8.3 12.8 8.9 12.4 8.4 12.9 8.8
2 12.9 13.7 12.5 114 11.9 10.9 12.1 10.1 11.9 12.7
3 12.5 154 13.3 12.6 12.7 10.6 13.6 10.2 11.8 144
4 14.4 13.7 13.8 10.7 12.8 8.5 12.3 8.3 13.4 12.7
5 10.3 11.6 9.8 9.4 9.9 8.4 10.3 8.6 9.3 10.6
6 14.8 10.5 13.9 8.3 13.5 9.6 14.0 9.3 12.8 9.5
7 12.9 12.3 12.5 9.6 12.6 7.6 11.9 7.8 11.9 10.3
8 9.5 11.7 10.3 9.7 9.9 9.0 11.3 8.4 94 10.6
9 10.9 10.5 11.2 8.5 11.2 1.7 12.2 7.4 9.7 9.5
10 8.9 8.7 9.4 6.5 9.9 9.2 9.6 8.2 7.9 7.9
11 9.5 12 9.9 9.5 8.9 8.5 8.9 8.1 8.5 11.0
12 9.7 9.5 10.3 7.6 11.0 6.6 12.7 6.4 8.7 9.7
13 9.8 12.6 9.5 10.0 9.7 8.9 11.2 8.3 9.7 11.6
14 10 9.9 9.7 6.8 10.4 7.1 11.5 7.5 9.9 12.9
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Appendix XI: Absolute white blood cell count (x 10%/uL) in Red Sokoto goats during the study period

Before treatment Week 1 of treatment Week 2 of treatment Week 3 of treatment After treatment

S/No. Experimental Control Experimental Control Experimental Control Experimental Control Experimental Control

1 8.8 11.2 9.5 10.3 10.5 9.7 111 9.0 10.4 8.6
2 8.7 10.6 9.8 9.6 10.4 8.6 10.9 8.1 10.3 7.9
3 9.8 111 11.6 9.1 12.0 8.5 12.6 7.9 11.6 7.9
4 8.9 9.1 9.2 8.8 10.6 7.3 11.4 6.8 10.4 7.4
5 9.6 9.9 11.2 7.8 9.9 7.2 10.4 6.5 9.4 6.1
6 8.6 10.2 10.6 8.5 12.4 7.5 13.2 7.2 12.9 6.8
7 10.8 9.6 11.5 8.0 114 7.5 12.5 9.9 11.7 9.6
8 8.1 7.5 9.6 5.6 10.9 4.5 115 4.2 11.2 4.1
9 9.2 8.0 11.0 6.5 12.2 5.4 12.9 5.1 12.4 4.9
10 8.4 7.4 9.5 5.8 10.0 4.5 11.1 3.9 11.1 3.4
11 8.8 8.7 9.2 8.0 10.3 6.8 11.3 5.8 10.7 5.3
12 8.2 8.0 9.0 7.5 9.8 6.4 10.4 5.9 9.5 5.2
13 9.0 8.1 10.5 7.6 11.0 5.8 11.7 4.6 10.7 4.2
14 7.8 8.5 9.2 5.1 11.2 4.6 12.2 3.8 11.7 3.2
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Appendix XII: Absolute neutrophil count (x 103/uL) in Red Sokoto goats during the study period

Before treatment Week 1 of treatment Week 2 of treatment Week 3 of treatment After treatment

S/No. Experimental Control Experimental Control Experimental Control Experimental Control Experimental Control

1 5.2 3.7 6.3 2.8 6.6 2.4 7.1 2.0 6.9 1.6
2 3.5 4.9 4.4 3.9 4.7 3.4 5.6 3.1 5.2 3.0
3 3.3 5.5 5.1 4.5 5.4 4.1 6.1 3.6 6.0 3.2
4 4.8 4.5 6.3 4.8 7.0 4.2 7.6 3.5 7.1 3.1
5 4.5 3.8 5.6 3.8 6.1 3.3 7.2 3.0 7 2.8
6 3.6 5.0 4.6 4.6 5.2 4.1 6.0 3.7 5.5 3.3
7 3.8 4.5 4.6 3.7 5.1 3.1 6.3 2.7 6.0 2.4
8 3.1 3.2 4.3 2.9 4.9 2.2 5.3 2.1 5.1 2.0
9 3.8 2.5 4.5 1.4 5.2 11 5.6 0.9 5.2 0.9
10 4.6 1.9 5.5 2.1 5.9 1.9 6.4 15 6.1 1.4
11 5.2 3.7 5.8 3.4 6.4 2.8 7.5 2.3 7.2 2.0
12 2.6 4.1 3.9 3.0 4.3 2.7 5.0 2.6 5.0 2.3
13 3.3 3.5 3.9 2.8 4.3 2.3 5.4 1.7 5.4 1.3
14 2.6 2.6 4.3 2.1 5.7 1.6 5.3 1.2 5.0 1.2
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Appendix XII1: Absolute lymphocyte count (x 10%/uL) in Red Sokoto goats during the study period

Before treatment Week 1 of treatment Week 2 of treatment Week 3 of treatment After treatment

S/No. Experimental Control Experimental Control Experimental Control Experimental Control Experimental Control

1 4.6 5.4 5.0 4.6 5.7 4.2 6.2 3.9 6.0 3.2
2 4.5 5.6 5.6 4.6 6.3 4.1 7.2 3.4 7.1 3.3
3 5.3 4.2 4.8 3.8 5.5 3.2 5.6 3.0 5.2 3.1
4 3.7 4.3 4.5 4.0 5.2 3.5 6.3 2.9 6.1 2.7
5 3.8 3.6 4.3 3.2 5.4 3.0 6.1 2.5 5.7 2.5
6 3.5 3.6 5.0 3.0 5.7 2.5 6.4 2.0 6.1 1.9
7 3.5 3.8 4.7 2.9 5.4 2.0 6.7 15 6.2 1.4
8 5.8 4.5 6.3 3.9 6.8 3.3 7.4 2.3 7.3 2.1
9 4.2 4.2 5.4 3.1 5.9 2.9 6.5 14 6.4 1.2
10 3.6 2.8 4.2 2.0 5.5 1.7 6.4 3.5 6.2 3.1
11 2.4 5.3 3.3 4.2 5.0 3.8 6.2 3.4 6.1 3.0
12 3.7 5.4 4.5 4.3 5.4 4.0 6.4 2.9 6.2 2.2
13 3.3 4.6 4.3 2.6 5.5 2.4 7.0 2.0 6.8 1.9
14 3.6 6.0 4.3 1.9 5.7 1.4 6.9 1.2 6.4 1.0
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Appendix XIV: Serum malondialdehyde concentration (nmol/L) in goats during the study period

Before treatment Week 1 of treatment Week 2 of treatment After treatment
S/No.  Experimental Control Experimental Control Experimental Control Experimental Control
1 1.0 0.9 1.3 1.7 1.2 1.7 1.3 14
2 11 1.3 1.2 1.2 1.6 1.3 1.3 1.0
3 1.3 1.2 1.5 15 1.3 1.6 14 15
4 1.0 1.1 1.1 1.7 1.3 1.8 1.3 1.2
5 1.2 1.5 1.3 1.9 1.1 2.1 1.2 1.1
6 0.8 1.4 1.3 1.9 1.6 2.2 1.3 1.6
7 11 1.3 1.1 1.7 1.3 1.9 14 1.3
8 15 1.2 1.6 1.3 2.0 1.6 1.3 1.0
9 13 1.1 1.5 15 1.9 1.6 14 1.3
10 1.6 1.6 1.8 15 2.0 1.8 15 1.3
11 1.6 1.3 1.2 1.9 1.3 2.0 1.0 1.3
12 13 1.0 1.5 1.7 1.7 1.8 1.3 15
13 1.8 1.3 1.3 2.1 1.5 2.2 11 1.7
14 15 1.5 1.7 1.8 2.0 2.0 14 15
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Appendix XV: Superoxide dismutase activity (IU/L) in Red Sokoto goats during the study period

Before treatment Week 1 of treatment Week 2 of treatment After treatment
S/No.  Experimental Control Experimental Control Experimental Control Experimental Control
1 2.2 2.3 2.6 2.1 2.1 2.2 2.2 2.3
2 2.4 2.5 2.2 2.0 2.3 2.3 2.5 2.5
3 2.4 2.2 2.5 1.9 2.1 2.5 2.4 2.2
4 2.1 2.4 2.2 2.2 2.0 2.0 2.1 2.4
5 2.4 2.6 2.5 2.0 2.2 2.2 2.4 2.6
6 2.2 2.1 2.0 2.2 2.6 24 2.2 2.1
7 2.1 2.4 2.4 1.9 2.1 2.3 2.6 2.4
8 2.5 2.6 2.0 2.2 2.2 2.2 2.5 2.3
9 2.5 24 2.4 2.1 2.4 24 2.5 24
10 2.3 2.5 2.2 1.8 2.0 2.0 2.3 2.2
11 2.2 2.4 2.6 1.7 2.5 2.0 2.2 2.4
12 2.5 2.6 2.4 2.0 2.6 2.1 2.5 2.6
13 2.6 2.1 2.1 2.2 2.2 24 2.6 2.3
14 2.4 2.3 2.3 1.6 2.5 2.0 2.2 2.3
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Appendix XVI. Glutathione peroxidase activity (IU/L) in Red Sokoto goats during the study period

Before treatment Week 1 of treatment Week 2 of treatment After treatment
S/No.  Experimental Control Experimental Control Experimental Control Experimental Control
1 58 51 56 47 51 44 50 45
2 61 57 50 45 47 46 49 49
3 56 55 49 42 51 49 47 44
4 57 58 42 40 44 44 41 51
5 55 56 52 39 49 40 50 47
6 60 52 50 41 48 42 42 45
7 50 44 50 42 47 45 45 46
8 55 58 41 36 44 33 49 39
9 53 60 43 41 46 45 44 45
10 49 55 40 44 41 42 46 47
11 50 51 39 40 42 46 49 42
12 49 52 37 40 40 41 41 41
13 51 56 39 41 36 44 43 41
14 54 48 40 47 41 43 46 46
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Appendix XVII: Catalase activity (IU/L) in Red Sokoto goats during the study period

Before treatment Week 1 of treatment Week 2 of treatment After treatment
S/No. Experimental Control Experimental Control Experimental Control Experimental Control
1 54 49 55 44 59 44 54 49
2 56 45 51 46 46 51 56 53
3 47 50 54 47 51 46 55 50
4 50 53 50 35 49 50 50 43
5 53 42 56 53 51 47 47 50
6 51 51 55 45 54 38 51 47
7 42 46 53 47 52 44 50 43
8 42 45 44 41 46 42 49 45
9 44 44 47 46 48 47 44 42
10 45 52 43 47 46 33 41 41
11 46 50 45 44 44 47 46 47
12 48 44 41 39 45 45 50 50
13 50 48 55 48 41 38 44 47
14 43 45 43 36 47 43 48 39
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