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Abstract

This article discusses the concept of stress in animals, which is a
complex set of physiological and behavioral responses to aversive
stimuli. The article explores short-term vs long-term stress and the
role of glucocorticoids in adaptation. It is crucial to regulate glucocor-
ticoid levels for optimal physiological functioning and adaptation to
stress. The article divides stress response into three stages: alarm,
resistance, and exhaustion. The article also discusses the neuroen-
docrine axis affected by stress, including the ACTH axis, vasopres-
sin axis, reproductive axis, growth hormone axis, thyroid axis, feed
intake axis, immunity axis, and brain development axis. Overall, un-
derstanding the endocrine changes and their impact on the body can
lead to better management of animals to avoid negative adaptations
and to utilize positive ones.

Keywords: Animal ; Endocrine ; Physiology ; Stress

Introduction

The concept of “stress” refers to a complex set of physiological
and behavioural responses that occur in response to aversive stimuli.
In 1929, Cannon aptly described stress as the body’s attempt to main-
tain homeostasis when faced with a range of stressors, activating the
sympatho-adrenomedullary (SAM) system. Meanwhile, Selye coined
stress as the “non-specific response of the body to any demand for
change”. The stress response in animals is a finely tuned, integrated
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phenomenon [1]. The World Health Organization has defined stress as
the body’s reaction to stimuli that require attention or action. Physio-
logically, “strain” refers to the internal displacement caused by stress,
while “stress” refers to external factors that disturb the body’s ho-
meostasis. Animals are constantly exposed to environmental stressors
that disrupt their state of balance, leading to the development of new
adaptations that may or may not be beneficial to humans. The assess-
ment of adaptability is crucial for effective cattle management, with
the avoidance of negative adaptations and the utilization of positive
ones being a key aspect of this process [2].

Short-Term vs Long-Term Stress

Glucocorticoids play a vital role in supporting physiological and
behavioral processes involved in adaptation. A brief surge in these
hormones is actually protective and helps the animal respond more
effectively to a stressful situation [3]. However, when glucocorticoid
levels remain high or rise persistently, regulatory mechanisms can be
adversely impacted. This can lead to a suppression of important phys-
iological functions such as growth and reproduction.

The body’s Sympathetic Nervous System (SNS) is also activated
during times of stress, and the Paraventricular Nucleus (PVN) helps
boost SNS activity to aid in the stress response. Oxytocin and epi-
nephrine can promote the secretion of Adrenocorticotropic Hormone
(ACTH), further supporting the body’s response to stress. In acute
stress, ACTH increases the concentration of glucocorticoids, which
lead to decrease in growth hormone and Gonadotropin Releasing
Hormone (GnRH). These hormones together decrease insulin levels
in body, increase blood glucose, epinephrin and nor-epinephrin and
thereby increases ability of body to undergo fight and flight reaction.
However, prolonged exposure to high levels of cortisol can have neg-
ative effects on the body, inhibiting the hypothalamic-pituitary-go-
nadal, thyroid, and growth hormone-insulin-like growth factor 1 axes.
This can lead to an increase in visceral adiposity, a loss of lean mass,
and an increased risk of diseases like osteoporosis and insulin resis-
tance [4]. To better understand the complex endocrine changes and
their impact on the body, we have included figures 1 and 2 for refer-
ence. Overall, it is important to carefully regulatglucocorticoid levels
in order to ensure optimal physiological functioning and adaptation
to stress.

Figure 1: Effect of chronic stress on body.
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Figure 2: Effect of acute stress on body.

Stages of Stress Response
Stress response is divided into three stages as shown in (Figure 3).
Stage 1: Alarm:

Upon encountering a stressor, body reacts with “fight-or-flight” re-
sponse and sympathetic nervous system is activated. Hormones such
as cortisol and adrenalin released into the bloodstream to meet the
threat or danger. The body’s resources now mobilized [5].

Stage 2: Resistance:

Parasympathetic nervous system returns many physiological func-
tions to normal levels while body focuses resources against the stress-
or. Blood glucose levels remain high, cortisol and adrenalin continue
to circulate at elevated levels, but outward appearance of organism
seems normal [6]. Heart rate, blood pressure and breathing increases.
Body remains on red alert.

Stage 3: Exhaustion:

If stressor continues beyond body’s capacity, organism exhausts
resources and becomes susceptible to disease and death. [7].

Neuro-endocrine axis affected in stress
* ACHT Axis

* Vasopressin Axis

* Reproductive axis

e Growth hormone axis

* Thyroid axis

* Feed intake axis

* Immunity axis

* Brain development axis

Figure 3: Phases of General Adaptation Syndrome.

ACTH axis

The Hypothalamic-Pituitary-Adrenal (HPA) axis mediates the
main elements of the stress response. Corticotropin-Releasing Factor
(CRF) is produced and released by nerve cells in the hypothalamus
as a result of stress. The anterior pituitary gland receives CRF, which
induces the creation of the Protein Proopiomelanocortin (POMC).
Adrenocorticotropic hormone (ACTH), -Lipotropin (-LPH), and -en-
dorphin are released by POMC in response to stress. When cortisol
is released, it inhibits the release of ACTH and CRF. Physiological
functions including growth and reproduction are momentarily sup-
pressed when glucocorticoid levels are briefly raised. This helps the
animal to utilize biological resources for reflex responses like flying
more effectively [8]. When CRF binds to its receptor on pituitary
corticotropes, it induces the release of Adrenocorticotropic Hormone
(ACTH) into the systemic circulation. Circulating ACTH principally
targets adrenal cortex, where glucocorticoid synthesis is stimulated
and secreted from the zona fasciculata. Glucocorticoids are the down-
stream effectors of the HPA axis and regulate physiological changes
through ubiquitously distributed intracellular receptors [9]. Endocrine
pathway in ACTH is shown in (Figure 4).

Figure 4: Effect of stress on ACTH axis.
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Vasopressin Axis

Vasopressin-like peptides serve as hormones that preserve salt-wa-
ter balance in animals. Vasopressin increases the blood volume by
increasing the Na" and reducing urine output [10]. AVP together with
CRH, stimulates the proopiomelanocortin-producing corticotrope
cells of the anterior pituitary to secrete adrenocorticotropin (ACTH)
[11]. ACTH elevation induces cortisol secretion in adrenal gland, thus
stress response appears. AVP-induced stress hormone elevation is less
sensitive to negative feedback than a CRH-induced one; suggesting
this pathway play a critical role during chronic stress. AVP expression
and receptor patterns is greatly influenced by the environment, play-
ing a critical role in epigenetic programming in the fetus and during
early childhood. AVP produced in the magnocellular region of the
paraventricular nucleus (PVN) is transported through the posterior
pituitary to the blood stream and is responsible for water reabsorption
in the kidney [12]. AVP and corticotropin-releasing hormone (CRH)
produced in the parvocellular population of PVN are released to the
portal circulation of the pituitary, reaching the anterior lobe where
they stimulate proopiomelanocortin-producing cells via acting on
V1bR and CRHRI1 receptors, thereby promoting adrenocorticotropic
hormone (ACTH) synthesis and release. In the adrenal cortex, ACTH
induces glucocorticoid production (e.g., cortisol), which triggers a re-
sponse to stress [13]. Pathway and effect of stress on Vasopressin axis
is shown in (Figure 5).

Figure 5: Pathway and effect of stress on Vasopressin axis.

N

Reproductive axis

It is comprised of the hypothalamus containing neurons that se-
crete GnRH in pulses. Pituitary releases (LH) and (FSH), and the
gonads secrete the gonadal hormones estradiol and progesterone in
females or testosterone in males [14]. Stress impacts livestock repro-
duction by reduced feed intake, altered endocrine status, reduction in
rumination and nutrient absorption. Increased maintenance require-
ments resulting in a net decrease in nutrient/energy availability for
reproduction [15]. Stress (heat, nutritional, pH, immunological, phys-
iological) prevents the basic cell function by causing improper fold-
ing of proteins. Stress could impair fertility by affecting GnRH-LH
pulsatility, estradiol profiles, LH surge timing and levels, follicular
recruitment and development, and ovulation. Glucocorticoids, vaso-
pressin, ACTH, CRH, opioids have an inhibitory effect on LH secre-
tion [16]. Glucocorticoids can inhibit gonadal steroid secretion and
alter the sensitivity of target tissues to these hormones. Effect of stress

on reproductive functions is also severe. Stress inhibits reproductive
functions. This is probably mediated through a reduction in norepi-
nephrine (NE) levels in the hypothalamus, an increase in corticotro-
phin releasing hormone (CRH), or through an increase in cytokines
that increases gamma amino butyric acid (GABA) to suppress NE
levels. The net result is a reduction in gonadotropin releasing hor-
mone (GnRH), luteinizing hormone (LH), and estradiol levels that
functionally translates to loss of estrous cyclicity, reduced ovulation
and conception rates and increasing intercalving intervals [17]. Effect
of stress on male and female reproductive system is shown in (Figures
6 & 7) respectively.

p

Figure 6: Effect of stress on testicular function.

Figure 7: Effect of stress on female reproductive system.

Nutrition and its Effects on Reproduction

Undernutrition and malnutrition lead to an increase in CRH levels,
which can lead to a decrease in the release of GnRH and LH [18-19].
Decrease in GnRH and LH release lead to a decrease in reproductive
function, including a decrease in fertility and an increase in the risk of
miscarriage [20]. Leptin produced primarily in adipose tissue, acts on
the hypothalamus to regulate appetite and energy balance. Leptin has
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also been shown to play a critical role in the regulation of reproduc-
tive function. Leptin stimulates the release of GnRH, in turn stimulat-
ing the release of LH [21] and malnutrition can lead to a decrease in
leptin levels, which can lead to a decrease in the release of GnRH and
LH [22]. The mechanism has been discroibed in (Figure 8).

Figure 8: Effect of stress on nutrition.

Growth hormone axis

In livestock, growth hormone levels increase in stress, but IGF-1
levels decrease in response to stress. This might be due to an increase
in GHRH levels through NE levels. Simultaneous activation of the
HPA axis facilitates the increase in GHRH. Fasting increase growth
hormone and decrease IGF-1 levels in livestock due to down regula-
tion of growth receptors in liver [23]. Acute stressors decrease glu-
cose utilization so that blood glucose levels increase and prepare the
animal to fight or flight. Chronic stress decreases insulin-like growth
factor (IGF)-1 production and inhibit growth. The reduction in IGF-1
levels result in reduced growth, and the conservation of energy and
nutrients for survival. This is believed to be an important adaptive re-
sponse, shifting energy resources from growth to survival [24]. Path-
way and effect of stress on growth hormone axis is shown in (Figure
9).

Figure 9: Effect of stress on growth hormone axis.

Thyroid axis

Long-term exposures to cool temperatures stimulate the thyroid
axis mainly by increasing TSH levels. The resulting increase in basal
metabolic rate and increased body temperature can inhibit the thyroid
axis [25]. In the context of survival, reduced thyroid activity would
decrease metabolism and corresponding energy usage. This is espe-
cially useful when food is scarce. However, activation of the thyroid
axis becomes beneficial during cold stress. The resultant increase in
endogenous opioids and glucocorticoid levels during stress can also
cause suppression of the thyroid axis [26]. Effect of stress on thyroid
axis has been shown in (Figure 10).

Figure 10: Effect of stress on Thyroid axis.

Feed intake axis

Leptin, a hormone produced by fat cells, can suppress appetite
by interacting with melanocortin (MC-4) receptors located in Proop-
iomelanocortin (POMC) neurons within the arcuate nucleus of the
medulla oblongata [27]. When faced with stress, the body’s release of
CRH can also reduce appetite by activating the HPA axis. Pro-inflam-
matory cytokines can cause anorexia and stimulate the production of
leptin, which can in turn decrease food intake by affecting the hypo-
thalamus [28]. Effect of stress on feeding is described in (Figure 11).

Figure 11: Effect of stress on feeding.
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Feeding Responses to Cold Stress

Under normal circumstances, leptin and NPY work together to
regulate energy balance. However, when exposed to low tempera-
tures, leptin levels decrease, leading to an increase in food intake [29].
Conversely, NPY levels in the hypothalamus increase, leading to an
increase in appetite. The protein UCP1 plays a role in generating heat
in brown adipose tissue (BAT) rather than energy, leading to thermo-
genesis. Animals exposed to cold for 21 days or more experience a
decrease in leptin levels but no increase in NPY levels [30]. This leads
to weight loss, likely due to increased thermogenesis in BAT. Animals
lacking BAT tend to gain weight. These findings suggest that thermo-
genesis in BAT plays a crucial role in energy homeostasis, and that
cold exposure can stimulate this process. Feeding response to acute
and chronic cold stress is shown in (Figure 12).

Figure 12: Feeding response to cold stress.

Immunity axis

Chronic stress has been shown to increase levels of glucocorticoids
[31]. These hormones are known to suppress the immune system,
potentially leading to autoimmune disorders [32]. Glucocorticoids
primarily affect the immune system by reducing levels of proinflam-
matory cytokines such as IL-1 and IL-6, while increasing levels of an-
ti-inflammatory cytokines like IL-10 [33]. However, chronic suppres-
sion of the immune system by glucocorticoids is not recommended, as
the immune system can rebound and regain its previous functionality
when glucocorticoid levels decrease. Furthermore, additional stress-
ors may prompt the body to produce more glucocorticoids, which
could further weaken the immune system. As such, it is not advisable
to repeatedly use glucocorticoids to depress the immune system.

Stress Axis and Developmental Programming

Although animals possess an innate mechanism to counteract glu-
cocorticoid exposure during fetal development, prolonged and elevat-
ed levels of glucocorticoids can still have adverse effects. The enzyme
11-hydroxysteroid dehydrogenase b (11-HSDDb) plays a crucial role in
converting active glucocorticoids to their inactive forms that are pres-
ent in high concentrations in the placenta, thereby safeguarding the
developing fetus from exposure to harmful glucocorticoids. Studies
conducted on sheep have shown that prolonged stress and increased
glucocorticoid levels can result in intrauterine growth retardation
(IUGR), which is a disorder that could be observed in livestock af-
fected by famine and drought [34]. This condition not only affects the
physical growth of the offspring but also influences their neural cir-
cuits, which can have long-lasting effects on their behavior as adults
[35].

Conclusion

The neuroendocrine responses to different stressors vary depend-
ing on the type, severity, and duration of the stressful experience.
When animals are exposed to prolonged or severe acute stressors,
their survival mechanisms take priority over growth, output, and re-
production. A stressor triggers a stress response that involves various
homeostatic systems, including physiological, immunological, and
behavioral adaptations. Neuroendocrine adaptations help to conserve
energy, promote thermogenesis, and facilitate the efficient utilization
of energy sources for long-term survival. The animal’s ability to regu-
late its stress response has little impact on the productivity of the herd,
but if chronic stressors exceed an animal’s coping abilities, it can
negatively affect its growth, productivity, reproduction, and survival.
Therefore, it is crucial to implement effective management techniques
and improve animal welfare to maintain optimal stress responses in
livestock.
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