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ABSTRACT

Review Article

Feeding Behaviour and its Association

with Stress: A Review

PRAVALLIKA PAGADALA', MS VINUTHA SHANKAR?, KARTHIYANEE KUTTY?

Feeding behaviour is a complex behaviour in the present daily life which is regulated by many mechanisms. So many factors
influence the feeding behaviour, among the most common one, is stress. So in the present review authors tried to explain about
feeding behaviour, factors regulating it, stress and its probable causes.
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Feeding Behaviour

This behaviour is related to obtaining and consuming food. It is a
complex behaviour in the present day to day life that is regulated by
many mechanisms like external factors such as food availability and
quality, as well as by internal factors including sex, age, circadian
rhythms and most importantly, the hormonal status related to
energy homeostasis [1]. The understanding of the physiological
basis of feeding behaviour regulation is particularly important, as in
affluent societies, obesity has become a widespread problem [2].
However, the exact regulatory mechanisms are not well understood.
Since hypothalamus is the centre for controlling feeding behaviour,
a study has proved the role of hypothalamus in feeding behaviour
and is mainly under the control of leptin and insulin [3-5]. Several
hypothalamic neuropeptides such as Agouti-Related Protein (AgRP)
and Neuropeptide Y (NPY) have been shown to be potent feeding
stimulants, whereas Pre Opio-Melanocortins (POMC) and Cocaine-
and Amphetamine-Regulated Transcript (CART) have been shown
to suppress as done for the other food intake [6].

Physiology of Feeding

Feeding and satiety: Body weight depends on the balance between
caloric intake and utilization of calories. Food intake is regulated not
only on a meal to meal basis but also in a way that generally maintains
weight at a given setpoint. If animals are made obese by force-feeding
and then permitted to eat as they wish, their spontaneous food intake
decreases until their weight falls to the control. If animals are starved
and then permitted to eat freely, their spontaneous food intake
increases until they regain the lost weight. It is common knowledge
that the same thing happens in humans. Dieters can lose weight
when caloric intake is reduced but when they discontinue their diets,
95% of them regain the weight they lost. Rebound weight gain is also
noticed post recovery from illness that leads to weight loss.

Role of Hypothalamus

Hypothalamic regulation of the appetite for food depends
primarily upon the interaction of two areas: a lateral feeding
centre in the bed nucleus of the medial forebrain bundle at its
junction with the pallido-hypothalamic fibres, and a medial satiety
centre in the ventromedial nucleus. Stimulation of the ventromedial
nucleus leads to inhibition of food intake, likewise, excessive eating
termed as hyperphagia in the presence of increased food supply
follows lesion in ventromedial nucleus resulting in hypothalamic
obesity [Table/Fig-1] [7,8].

Theories of Feeding
There are four theories of feeding which includes: 1) Lipostatic theory;
2) Thermostatic theory; 3) Glucostatic theory; 4) Gut peptide theory.
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Ghrelin
Orexin A
Orexin B
Factors increases Neuropeptide Y
food intake
Melanin Concentrating Hormone

(MCH)
GHRH

Peptide YY

Leptin

Glucagon
Factors decreases CCK,CRH,GRP
food intake

Somatostatin

Oxytoein

Bombasin

Malonyl co A

[Table/Fig-1]: Showing the factors which increases and decreases food intake [7].

Lipostatic Theory

Leptin is a hormone produced from fat cells, circulating protein
containing 167 amino acids. Its name is derived from Greek word
for thin. It acts on hypothalamus to decrease food intake and
increase energy consumption. It appears to decrease the activity
of neuropeptide Y neurons that increase appetite and to increase
the activity of POMC secreting neurons. To reach its central site
of action, circulating leptin must cross blood brain barrier. A short
form of the leptin receptor is abundant in brain microvessels and
probably is involved in transport of leptin into the brain. Leptin
receptors are found in various tissues as well as in brain. In rodents,
the decrease in plasma leptin produced by fasting is associated
with inhibition of onset of puberty, depressed thyroid function and
increased glucocorticoid secretion. It has been suggested that these
are adaptive responses to the shortage of calories signalled by the
decrease in leptin. Leptin receptors present in brown adipose tissue
increases the activity of uncoupling proteins, thus producing a direct
peripheral increase in energy expenditure [Table/Fig-2] [7,9].

Gut Peptide Theory

Ghrelin is a hormone with 28 amino acid secreted from stomach. It
operates like leptin as a peripherally generated regulator of appetite,
but in the opposite fashion. It not only secretes growth hormone
but also effects food intake and is increased during fasting. Central,
peripheral and intraperitoneal administration of ghrelin increases
food intake by stimulating arcuate nucleus, will be low in obese.
Number of Gl hormones have been reported to decrease food
intake like peptide YY, PYY (secreted from small intestine and
colon, levels are low in obese. It is due to idea that food entering
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‘ Hypothalamus causes increased activation of leptin receptors
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‘ Increased food intake & decreased energy expenditure ‘

!

‘ Increased fat deposition from fat depots ]

|

‘ Leading to increased leptin synthesis ‘

J
|
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[Table/Fig-2]: Release of leptin from hypothalamus [7].

the GIT triggers the release from the mucosa of substances which
act on the brain to produce satiety. Ghrelin has to be acylated
before it is released. An enzyme necessary for acylation of ghrelin
is the Ghrelin O-acyltransferase, also expressed in the circulation
of rodents [10].

Glucostatic Theory

The activity of the satiety centre in the ventromedial nuclei is
probably governed in part by glucose utilisation of the neurons in
it. Food intake is rapidly increased by intraventricular administration
of compounds such as 2-deoxyglucose that decrease glucose
utilisation in cells. Polyphagia is seen in diabetes mellitus, in which
blood glucose is high but cellular utilisation is low because of the
insulin deficiency [11].

Thermostatic Theory

Food intake is increased in cold weather and decreased in warm
weather. However, there is little evidence that body temperature is a
major regulator of food intake [7,12].

Schematic of the control of feeding in the hypothalamus: There
are many factors that affect feeding behaviours such as Social
facilitation, endocrine disorders, seasonal changes and stress.
Among them, stress is the most common factor which affects the

feeding behaviour in the life [Table/Fig-3] [13].
oy
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[Table/Fig-3]: Control of feeding behaviour by hypothalamus [11].

Stress

Living beings are exposed to stress of varying degrees throughout
their life. Stress is the disturbance of the normal body’s homeostasis
or a condition of disharmony in response to a real or perceived
threat or challenge. The threatening or challenge causing situation
is referred to as a “stressor” [14]. It can also be described as a state
characterised by a broad range of physiological and behavioural
changes resulting from one or more stressors and biologically it is
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defined as “the non-specific response of the body to any demand”
[3]. Today’s world man is exposed to large number of stress from a
variety of sources.

Impact of Stress on Health

Itis a significantindividual and public health problem that is associated
with numerous physical and mental health concerns. It is estimated
that between 75% and 90% of primary care physician visits are
caused by stress-related illnesses [15]. Cardiovascular disease,
obesity, diabetes, depression, anxiety, immune system suppression,
headaches, back and neck pain, and sleep problems are some of
the health problems associated with stress. These conditions are
most burdensome health problems in the United States based on
health care costs, the number of people affected, and the impact
on individual lives. Extreme levels of stress were reported by 22%
of respondents from the 2011 Stress in America™ survey, and 39%
reported that their level of stress had increased during the past year.
More than 80% of the survey respondents at the world at work
conference in 2012 reported that stress moderately or significantly
contributed to their health care costs [14,16-18]. Stress canincrease
the risk for chronic diseases and other health problems, dealing
with chronic conditions and poor health can increase the amount of
stress one experiences. Stress also influences behaviours that affect
health. Diet choices, sleep habits, and drug use are behaviours
that are often negatively affected by stress. The APA's 2011 survey
showed that 39% of respondents reported overeating or eating
unhealthy food because of stress, and 29% reported skipping a
meal. In addition, 44% reported lying awake at night because of
stress. On a positive note, 47% of respondents reported walking or
exercise as a way of managing stress [19].

Types of Stress

It is very important to note that all stresses or stressors are not
bad. Every individual experience a certain amount of stress on an
almost daily basis, it cannot be eliminated completely. When it is
experienced too much then it becomes a problem. Stress is of
two kinds — Eustress-a positive form of good stress that motivates
an individual to continue working and Distress — manifests when
stress is no longer tolerable and/or manageable [20]. Stress may be
eustress or distress can be determined by individual’s perception
and coping resources for the stressor [21].

Based on Duration of Exposure

It can be chronic or acute. Chronic stress is a persistent, long lasting
stressor, such as living with a terrible roommate, money, work,
economy, death of loved ones, divorce, family and personal health
problems. It is not easily resolved associated with negative health
concerns. It results when there are constant multiple stressors or
major life stressors present [22]. Acute stress, on the other hand,
is a short lasting and one time stressor, such as failing an exam.
Health is affected both physically and psychologically by exposure
to repeated episodes of stress either due to excessive workload or
constant worries. Stress coping skills will have to be learnt by such
individuals exposed to episodic stress to avoid negative effects on
health due to stress [13]. In addition, stress can be major or minor. A
major stressor would be something like a death in the family, while a
minor stressor may be as simple as getting stuck in traffic [23].

Stress affects the brain both physiologically and chemically.
Depression and anxiety disorders are extremely common during
stress. It is clear that these disorders are quite common in the
general population, yet there is much to be learned about the causes
of these disorders. Symptoms of depression include depressed
mood, anhedonia, altered appetite, and nervousness, fatigue, lack
of concentration, frequent colds, sleep disturbance and irritability.
These psychopathologies develop by a complex interaction between
genetic predisposition and an adverse environment [23].
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Homeostasis that is challenged due to stressor in an organism may
be regained by producing appropriate physiological responses to
stress. Stress has long been considered as a critical risk factor in
the development of addictive disorders and relapse to addictive
behaviours [24,25]. The response to a stressor depends on how
the individual assesses their environment and the stressor they
experience. When the stressor exceeds a person’s ability to withstand
or ability to respond appropriately to the stress, the homeostasis is
disturbed [18]. One such homeostasis that is disrupted is in feeding
behaviour [Table/Fig-4] [23].

Environment Life events Heredity

v

Individual differences

A

Perceived stress

Brain

/A

Physiological response

——— | Behavioural response

[Table/Fig-4]: Factors causing stress and its response from brain [23].

Stress does not affect each individual the same way. A stimulus that
may be stressful to one individual may not be stressful to another.
Environment, life events, and genetics play a role in an individual’'s
tolerance for stress. When an individual perceives a stimulus as
stressful, a physiological and behavioural response will be displayed
to regain equilibrium lost by the stressor [23].

Stress response due to endocrine and autonomic nervous system
actions by epinephrine release prepares the body to overcome threat
or challenge that is perceived as stress [26]. These physiological
changes including increase in heart rate, respiratory rate, blood
pressure, sweating and heightened acuity of senses associated
with endorphin release characterise the fight or flight response
which is manifestations of stress coping measures. There may be
surplus energy production due to enhanced cortisol production
which might suppress immune function [10]. A stressful situation
induces the organism to mobilise not only the adrenal system and
endocrine system but also the central nervous system and the
pituitary [27]. One of the main mechanism by which stress affects
the brain is by oxidative stress causing oxidative damage. During
stressful conditions, oxidative stress reflects a mismatch between
reactive oxygen species’ effect on the biological systems in the
body and the detoxifying ability of these systems to repair the
damage due to reactive intermediates. Disturbances in the normal
state of cells can cause toxic effects through the production of
peroxides and free radicals that damage all components of the cell.
[t can cause disruptions in normal mechanisms of cellular signalling
and is associated with increased production of oxidising species
or significant decrease in the effectiveness of antioxidants such as
glutathione [28].

Effect of Acute and Chronic Stress on Hypothalamic
Pituitary Adrenal Axis

It is well known that the Hypothalamic-Pituitary-Adrenal (HPA) axis
helps in maintaining basal and stress related homeostasis of the
nervous system as well as cardiovascular, immune and metabolic
functions. The main regulation of circadian and stress-related activity
of the HPA axis occurs at the level of parvicellular subdivision of the
hypothalamic Paraventricular Nuclei (PVN). The majority of these
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neurons secrete CRH and Vasopressin (VP), which synergistically
stimulate ACTH secretion by the pituitary corticotrophic cells. ACTH
in turn leads to formation of Corticosterone (CORT) from Cholesterol
(CHOL) which when released by the adrenal cortex can serve as
inhibitory feedback control in the HPA system [Table/Fig-5] [29].

H Hippocampus

‘ Hypothalamus

CRH l

‘ Anterior pituitary ‘

ACTH l

‘ Adrenal cortex

Gluco corticoids

‘

[Table/Fig-5]: Showing the Release of glucocorticoids from hypothalamus [23].

It has been postulated that stress of any kind, acute and mild, or
chronic and severe affects eating habits [30].

During acute stress Corticotropin-Releasing Hormone (CRH) is
released from the medial parvocellular (mp) paraventricular nucleus
of the hypothalamus (PVN), ACTH is released from pituitary and the
cascade of reactions takes place for the release of glucocorticoids.
CRH is also released from arcuate nucleus to inhibit neuropeptide
Y and Agouti-Related Peptide (AGRP) (these are the hormones
that increases food intake and suppresses energy expenditure).
Urocortins are the molecules, belongs to CRH family, also released
at this time which is also responsible for suppressing appetite by
inhibiting the ghrelin activity. Thus, during acute stress, CRH is
responsible for inhibiting the appetite [30,31]. Thus, CRH injected
directly into the dorsal anterior Bed Nucleus of the Stria Terminalis
(BNST) the ventral part or other brain regions such as the central
amygdala or locus coeruleus) significantly reduces food intake in
already food-deprived rats [32].

During chronic stress, glucocorticoids released from HPA in the
bloodstream are elevated. Peripherally, glucocorticoids enhance the
activity of lipoprotein lipase in adipose tissue, leading to an increase
in fat storage [33]. Thus, in humans, a peripheral injection of CRH
leads to increased food intake one hour later but the amount of food
consumed is directly correlated with the magnitude of the cortisol
response to the injection [34]. Glucocorticoids stimulate food intake
by interacting with several appetite-regulating targets. They increase
AMP-activated protein kinase signalling in the ARC to up-regulate
NPY and AGRP expression in this region and stimulate the actions
of these orexigenic peptides (increases food intake) [30]. It has been
observed that rats prefer foods rich in fat and sucrose among other
food items when exposed to stress indicating the need for more
rewarding foods and preference for comfort foods due to stress
induced glucocorticoid release [35].

Types of Stressors in Laboratory Animals

Physiological includes restraint stress, forced swimming stress,
noise stress, electric foot shock stress, food deprivation. Restraint
stress or immobilization is commonly used because it is less severe,
but is still capable of activating the stress response by stimulating
the hypothalamic pituitary adrenal axis. In this type of stressor,
movement is limited by placement of rodent in a plexiglass chamber
orimmobilization bag. After every use of restraint, instruments should
be washed to prevent any transmission disorders [36]. High intensity
noise exposure (50-90 db) is also used as a physical stressor.
This protocol can be used as a type of environmental stressor to
mimic stress in everyday life. This stress is given for a period of
30 minutes continuously and animal is allowed to take rest for 10
minutes, remaining 30 minutes procedure is continued. It can able
to stimulate the hypothalamo-pituitary adrenal axis and generate
brain activity by causing anxiogenic effect on behaviour. If examiner
is also staying in same room it’s better to use ear protectors [37].
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Forced swimming stress: Animal made to swim in the water forcibly
for five minutes then grasp the animal gently by the tail or trunk lift
from the water, place it to dry. Container used for this should be 45
cm in length and 30 cm in breadth water has to be filled up to 30
cm. In each container two or three rats are permissible. After stress
procedure animal is grabbed by tail and placed in a dry cloth. Like
this procedure can be done by repeated intervals for 1 hour/day
making sure that animal should not drown [38,39].

Electric foot shock stress: It is more severe stressor and can
be applied using a metallic grid to shock the foot or to the tail. In
this the suggested shock duration to be very short and the shock
levels should be very low. For this type of stressor, animal should be
trained in learning tasks for a period of some days but this is known
to cause degeneration of structure. After completion of procedure
for each rat that metallic grid floor should clean with ethanol or spirit
to remove the odour, faeces and urine [39].

Food deprivation stress: It is the restriction of ad libitum amount
of food for a certain period of time, giving feed at a fixed time for a
period of four hours [40].

Psychological stress includes Maternal separation, Overcrowding,
Social isolation, Sleep deprivation, Resident/intruder.

Maternal separation stress: It is an excellent prenatal stressor
leads to activation of hypathalam-pituitary adrenal axis due to
separation and handling. This stressor involves removal of pup from
the care of its mother for certain period of time [38].

Overcrowding stress: permissible limit of animals in a cage is 2-3
but in this study, it involved the animals more than 4-5 [23].

Social isolation: It is a common type of psychological stressor in
which subject is placed in a long term solitary housing at least about
two to four weeks without any companion. Placing each animal in
one cage and permitting the animals to listen and smell of other rats
in the same colony [23,38].

Sleep deprivation: This type of stress is controversial because it
is quite severe, in this animal is not allowed to sleep certain period
of time by keeping the animal in a revolving drum, sleep deprivation
drum or inverted flower pot technique [41].

Resident/intruder stress: It is social conflict stress involving threat
from an aggressive male [23].

Some of the Review of Works on Stress Related to Feeding
Behaviour Stress is known to alter feeding responses in a
bidirectional pattern, with both increased and decreased intake of
food [42]. It is an important factor in the development of addiction
and in addiction relapse and may contribute to an increased risk
for obesity and other metabolic diseases [43]. Uncontrollable,
stress changes eating patterns and the salience and consumption
of hyper palatable foods that induce metabolic changes that
would promote weight and body fat mass [4]. Famitafreshi H et
al., have demonstrated that food consumption was increased in
addicted isolated rats when compared to addicted socialised rats
and concluded that feeding behaviour was regulated by adult
hippocampal neurogenesis in addiction period and socialisation
improves it [44]. Stress also causes elevated glucocorticoid levels
leading to stimulation of feeding behaviour and excessive weight
gain [45]. Carr JA et al., demonstrated that stress inhibits feeding
behaviour in all vertebrates [46]. Restraint stresses have shown
to reduce body weight due to decreased intake of food [47].
Cristina R et al., demonstrated that acute stress causes weight
loss and chronic stressors promote the activation of the pro-
obesogenic mechanisms that favour the accumulation of central/
visceral fat [48]. However, Favreau-Peigne et al., demonstrated
that chronic stress altered animal welfare but also decreased
body weight [49].

Although acute stress has shown to have facilitating effects on
memory, chronic stress causes development of psychiatric disorders
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(depression and anxiety) which lead to altered appetite [32]. Stress
was associated with significant elevation in the markers of oxidative
stress in the cerebral cortex. Hacioglu G et al., demonstrated that
exposure to stress causes increased production of ROS. Brain
Derived Neurotrophic Factor (BDNF) has a crucial role in the survival
and supports the neuronal cells, neuronal integrity and connectivity.
It has role in neuronal process and its interaction with ROS might be
crucial for neurodegenerative and neuropsychiatric abnormalities and
the decreased expression of BDNF is implicated in the sensitivity to
stress and stress enhanced responses. Also, BDNF deficient mice
were observed to be more susceptible to stress induced oxidative
damage, which suggests that there is direct interplay between
oxidative stress indicators and BDNF levels in the brain [32].

Medina HV et al., stated that stress causes neuronal damage leads
to significantly higher concentration of lipid peroxides by products
like MDA and neuronal damage marker NSE [50]. It was proved
that during oxidative stress the concentration of Glutathione
(GSH), activity of Superoxide Dismutase (SOD) and Glutathione
Peroxidase (GPX) was decreased while Malondialdehyde (MDA)
were seen to be increased in different brain regions of experimental
rats (hippocampus, cerebellum respectively) in comparison to the
control group. It was obvious that MDA, the indicated marker for
Lipid Peroxidation (LPO), showed a significant elevation in the
exposed group compared to control [51]. Under normal condition,
the over ROS production was neutralised by the antioxidant defence
mechanisms. Glutathione (GSH) is an important non-enzymatic
antioxidant that plays a crucial role in the detoxification of ROS.
SOD and GPX enzymes are the first line of cellular defence against
oxidative injury [52].

CONCLUSION

Stress is known to cause many factors leading to various disorders.
It is known to cause oxidative stress by causing oxidative damage.
Uncontrollable stress causes changes in feeding behaviour and is
known to alter feeding responses in a bidirectional pattern, with
both increased and decreased intake of food.
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