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1. INTRODUCTION

1.1. Stress: Exposure to stress is inevitable, and it may occur, to varying degrees, at
different phases throughout the lifespan. Stress is a disruption of the normal body's
homeostasis or a state of disharmony caused by a real or perceived threat or challenge. A
"stressor" is a situation that poses a threat or challenge (Chrousos GP et al 1992). Stress
is a term used to describe a state characterized by a wide range of physiological and
behavioral changes caused by one or more stressors. Biologically it is defined as "the non-
specific reaction of the body to any demand" (Dhir et al., 2006). Stress, whether emotional
or physiological, can have an impact on brain structure and function (Yau & Potenza,
2013). In today's world, we are exposed to a wide range of stressors.

1.1.1. Impact of stress on health:

Stress is a significant individual 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 (Mohd. Razali
Salleh et al., 2008). 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 (Agnese Mariotti et al., 2015). 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.

Stress levels in Indians was very high compared to other countries, about 82% of Indian
population are suffering from stress. 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. High Stress can increase the risk for chronic
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diseases and other health problems, dealing with chronic conditions and poor health can
increase the amount of stress one experiences. Stress also influences behaviors that affect
health. Diet choices, sleep habits, and drug use are behaviors often negatively affected by
stress. The APA’s 2011 survey showed that 39% percent 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 (American

Institute of Stress Web site 2012).

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, nervousness, fatigue, and lack of concentration, frequent colds, sleep
disturbance and irritability (Gregus et al., 2005). These psychopathologies arise due to a
complex interaction between genetic predisposition and an adverse environment (Gregus
et al., 2005). Many studies have off let shown that Radiofrequency emitted radiation (RF-
EMR) from mobile phones produces a stress response. It might be due to its effect on

hypothalamus (Mary Zosangzuali et al 2021).

A stressful situation induces the organism to activate the adrenal system, the central
nervous system, and the pituitary (Kayalvizhi et al., 2012). Stress disrupts an organism's
natural homeostasis; as a result, the organism may respond to stress by creating a
physiological reaction to reclaim the balance lost due to the stressor's influence. Stress
has long been thought to play a role in developing addictive illnesses and the relapse of

addictive behaviors (Koob et al.,2008; Kreek et al., 2005) The response to a stressor


https://pubmed.ncbi.nlm.nih.gov/?term=Zosangzuali+M&cauthor_id=33687298

depends on how the individual assesses their environment and the stressors they
experience. When the stressor exceeds a person's ability to withstand or ability to respond
appropriately to the stress, the homeostasis is disturbed. Feeding behavior is one example

of disrupted homeostasis (Lanzenberger et al., 2007).

Environment ‘ Life events ‘ Heredity ‘

\ l /

Individual differences

| |

/ | Perceived stress in brain \
Physiological response Behavioral response

Fig 1.1 Individual differences in stress. 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 behavioral
response will be displayed to regain the equilibrium lost by the stressor (Atchley et al,

2011).

1.1.2. Radiofrequency Electromagnetic radiations from mobile phone as a stressor:
Mobile phones have become an integral part of our lives with increasing users and an
increase in talk time. At present, Mobile phone usage is ubiquitous with an estimated 6.9
billion subscriptions globally (Narayanan et al., 2010). It is estimated that in 104

countries, approximately 80% of children are online; 94% of children aged 15-24 years



use the internet in developed countries, 67% in developing countries, and only 30% in
least developed countries (Nittby H et al., 2008). It is concerning that 320 million (39%)
of the 830 million young people online are from India and China.

The world's natural environment is now contaminated with man-made electromagnetic
radiations (EMR) (Hardell, L et al., 2007). Beside radio communication and electricity,
mobile phone (MP) communication devices are the key sources of EMR. While using
these technical devices we expose ourselves to EMR generated by these devices (Hardell,
L et al., 2007). The biological effects of RF-EMR are a rising field of interest, in context
to “environmental effects” on human health (Ragy, M. M et al., 2014). Several electronic
devices may create damaging EMR which affect human health (Ongel, K et al., 2007).
Among these devices, the MP are significant cause of concern to community health all
over the world. MP communication is by transmitting radio waves through a network of
fixed antennas called base stations (Adebayo, EA et al., 2019). Radiofrequency waves are
non-ionizing electromagnetic radiation, as opposed to ionising radiation, which can
neither break chemical bonds nor cause ionisation in the human body. It has been reported
that microwave electromagnetic radiation (EMR) had effects on humans which could not
be explained by detectible heating of tissue (Ongel K et al., 2007). The different tissues
in different organs have their own dielectric properties, as described in Durney, et al
(1999). The accurate representation of human response to microwave radiation is
remarkably complex (Cundin and Roach, 2010). Therefore, the increased exposure to RF-
EMR and its effect on biological systems has been an area of interest, especially its impact
on brain cerebral blood flow, blood-brain barrier, neuronal damage, etc. (Narayanan et
al., 2010).

It was discovered that the EMR had no discernible effect on body temperature. However,

it resulted in a significant depletion of brain ATP and related neural energy stores, in



addition to the normal depletion caused by increased metabolism during hyperthermia.
Microwaves can reduce brain metabolic rate, which appears to result in impaired brain
function. It has been discovered to cause cellular heat-stress responses far more easily

than other types of stress, including heat-related stress (Sage & Carpenter et al., 2012).

The mobile phone emits non-ionising radiation with a low frequency that is thought to be
safe, but recent studies show that it has an effect on living tissues, particularly the brain,
causing headaches, memory loss, and heat over the ear, decreased concentration, and

other cognitive effects (Mubeen S M et al., 2008).

1.2. Feeding behavior: Stress affects the feeding behavior bidirectionally, inducing an
increase or decrease in feeding behavior via the hypothalamo-hypophyseal-adrenal axis
(Maniam & Morris et al., 2012). Feeding behavior is related to obtaining & consuming
food. It is a complex behavior in our day-to-day life, 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 (Schwartz M.W et al., 2000). The understanding of the
physiological basis of feeding behavior regulation is particularly important, as in affluent
societies obesity has become a widespread problem (Yu Lv S et al., 2013) But the exact
regulatory mechanisms are not well understood. Studies have showed that hypothalamus
is the center for controlling feeding behavior (Meunier N et al., 2010; Yu Lv S et al.,
2013). Several hypothalamic neuropeptides such as agouti-related protein (AgRP) and
neuropeptide Y (NPY) have been shown to be potent feeding stimulants, whereas
melanocortins (POMC) and cocaine- and amphetamine-regulated transcript (CART) have
been shown to suppress food intake (Fulu Bai et al.,2005). Hypothalamus is well known

for its role in controlling feeding behavior, but the hippocampus is also believed to play
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role in it because Food intake is a complex behavior that can occur or cease to occur for
a multitude of reasons. Decisions about where, when, what, and how much to eat are not
merely reflexive responses to food-relevant stimuli or to changes in energy status (Bast
T., 2009).

1.3. Oxidative stress:

An imbalance between free radicals and antioxidants in our bodies causes oxidative stress.
Free radicals are oxygen molecules that have an uneven number of electrons. Because of
their odd number, they can easily react with other molecules. Because free radicals react
so easily with other molecules, they can cause large chain chemical reactions in our
bodies. These reactions are known as oxidation. They can be beneficial or detrimental
(Aruoma Ol et., 1999). Antioxidants are molecules that can donate an electron to a free
radical while remaining stable themselves. As a result, the free radical stabilises and
becomes less reactive. Oxidative stress is one of the primary mechanisms affecting brain
by causing oxidative damage. During stressful conditions, oxidative stress reflects as an
imbalance between the generated reactive oxygen species and the biological systems'
ability to detoxify the reactive intermediates readily or repair the resulting damage (Jelinek
M et al., 2021). Disturbances in the normal state of cells can cause toxic effects through
the production of peroxides and free radicals that damage all cell components. In addition,
it can cause disruptions in normal mechanisms of cellular signalling & is associated with
increased production of oxidizing species or a significant decrease in the effectiveness of

antioxidants such as glutathione (de Diego-Otero et al., 2009).

Oxidative stress may increase due to continuous exposure to RF-EMR, which is
characterized by excessive generation of reactive oxygen species (ROS). Indeed, this

phenomenon has been documented in the whole body and ovarian tissue models of
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Drosophila, mouse fibroblasts, cultured breast cancer cells, rat heart tissue, human lens
epithelial cells, and mammalian spermatozoa after RF-EMR exposure (Hou et al., 2015;
Ozguner et al., 2005; Yao et al., 2008). In addition, it is also known to produce a stress-

like response due to its effect on the hypothalamus (Mailankot et al., 2009).

1.3.1. Assessing oxidative stress:

It can be known by assessing biochemical parameters and histomorphology changes.
Some of biochemical parameters includes Neuronal specific enalose (NSE),
Malondialdehyde (MDA) and serum corticosterone levels whereas histomorphology
changes can be known by assessing the Glial fibrillary acidic protein (GFAP) levels in
the brain (Hacioglu et al., 2016).

1.3.1.1. NSE:

It is an enzyme found mostly in neurons and neuroectodermal cells that transforms
glucose to compounds suited for oxidation anaerobically. NSE is a highly specific marker
for neurons, peripheral neuroendocrine tissue, and APUD (Amine Precursor Uptake &
Decarboxylation) cells, and as a result, it can be used as a biochemical marker for tumours
arising cells. The serum NSE level is normally low in healthy people but increases
significantly in cases of neuronal tissue damage, such as traumatic brain injury and stroke,
and so is used as a biomarker for brain damage (Ciftci G et al., 2012). The serum NSE
level also increases in cases of hypoxic brain damage; the serum concentration is

proportional to the extent of brain damage.



1.3.1.2. MDA:

It is made from polyunsaturated fatty acids (PUFAS) by the action of human platelet
thromboxane synthetase on prostaglandins PGH2, PGH3, and PGG2, as well as spermine
by the action of polyamine oxidase and amine oxidase. The best studied lipid peroxidation
products are MDA. MDA is converted to malonic acid semialdehyde in the liver. This is
an unstable compound that decomposes spontaneously to acetaldehyde, which is
subsequently transformed to acetate by aldehyde dehydrogenase, and lastly to carbon
dioxide and water by aldehyde dehydrogenase (Lorente et al., 2013). Changes in
conformation, enzymatic activity, or binding, as well as receptor deactivation, enhanced
protease susceptibility, and immunogenicity, are the next phases. MDA is the precursor
of the thiobarbituric acid reactive compounds (TBARS). MDA is one of the most often
detected oxidative stress biomarkers, specifically lipid peroxidation. As a result,
increased oxidative stress is commonly recognised as a disease (Tsikas D et al 2017).
Lipid peroxidation is a process in which oxidants such as free radicals destroy lipids that
contain carbon-carbon double bonds, particularly polyunsaturated fatty acids (PUFAS).
A substantial body of work on lipid peroxidation has been published over the last four
decades, demonstrating its importance in cell biology and human health (Ozguner et al.,

2005).

1.3.1.3. Serum corticosterone:

The major glucocorticoid involved in the control of stress reactions in rats is
corticosterone. The stress of exogenous origins was reported to elevate the corticosterone
levels in various organisms (Jeong et al., 2013). Some studies shows that stress is known
to cause a significant increase in glucocorticoid levels in the blood. The hypothalamic—

pituitary—adrenal (HPA) axis is the most important hormonal system with a well-defined
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circadian pattern. This rhythm is changed when people are stressed, and it has a negative
impact on their health. The degree of HPA axis activation is also proportional to the level
of stress experienced by animals. Stress makes rats extremely sensitive, and even a minor
stressor causes a significant increase in glucocorticoid levels that approximates the
amplitude of the diurnal cycle (Vyas S et al., 2016).

1.3.1.4. GFAP:

It is the major intermediate filament in astrocytes. It interacts with other cytoskeleton
components, adhesion molecules, intracellular chaperones, and other proteins, just like
other intermediate filaments. The cytoarchitecture and mechanical strength of astrocytes,
as well as their supportive functions on the physiology of surrounding neurons and the
preservation of the blood—brain barrier, are all governed by GFAP. It plays a role in the
pathogenesis of a number of neurological diseases. In a variety of acute and chronic
neurologic diseases, upregulation of GFAP expression is a hallmark of reactive

astrogliosis (Liberto et al. 2004).

1.3.2. Site of oxidative damage in Brain:

Most common site of oxidative damage in the brain is hippocampus. The term
“hippocampus” was first named by a Bolognese anatomist named “Giulio Cesare Aranzi”,
which is similar to “Hippocampus liera” the tropical fish (Duvernoy H et al., 1988). The
hippocampal formation is located deeply in the medial temporal lobe, which consists of
hippocampal proper, dentate gyrus, presubiculum, subiculum, parasubiculum (Andersen
P et al., 2007). The structural integrity and pathway of hippocampal formation is similar
inall mammals (Wegrzyn D et al., 2022). Animal models closely mimic humans, among

them rats are almost similar (Karavasilis E et al., 2019).
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HF = Hippocampal formation
EC = Entorhinal cortex
PH = Parahippocampus
PER = Perirhinalcortex
POR = Postrhinal cortex

From Kerr et al, Hippocampus 2007

mouse monkey Human

Hippocampus: Rodent versus Man

The volume of the human hippocampus is about 100 times larger
than a rat's, and about 10 times larger than a monkey's.

Figure 1.2: Image represents the anatomy of hippocampus in all mammals (Human vs
Monkey vs Rat) -Image adapted from burwell et al. Anatomy of the Hippocampus and

the Declarative Memory System.
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Human Rat

" / Hippocampus
(L [weo

Hippocampus

Hippocampus formation

Figure 1.3: Image represents the anatomy of coronal section of hippocampus in

mammals with its sub regions.

1.3.3.Managing and preventing oxidative stress:

It’s impossible to completely avoid free radical exposure and oxidative stress. However,
there are things, which can be done to minimize the effects of oxidative stress on our
body. The main thing can be done is to increase the levels of antioxidants by decreasing
the formation of free radicals (Valko M et al., 2007). One method of preventing oxidative
stress is to ensure that we are obtaining enough antioxidants in the diet. Eating five
servings per day of a variety of fruits and vegetables is the best way to provide our body
what it needs to produce antioxidants. Antioxidants are "those chemicals that, when
present in low concentrations compared to those of an oxidisable substrate, will
significantly delay or block that substrate's oxidation” (Halliwell & Gutteridge et al.,
1989). "An anti-oxidant is any agent that, when present in low concentrations compared
to those of an oxidisable substrate, considerably slows or inhibits oxidation of that

substrate,” according to Halliwell (1997). Other examples of dietary antioxidant sources
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include fish and nuts, vitamin E, vitamin C, turmeric, green tea, melatonin, onion, garlic
and cinnamon (Elfowiris A et al.,2022). Among all the antioxidants, Vitamin E is a potent
antioxidant and is well-known for its beneficial effects in animal models of various
diseases.

1.4. Vitamin E:

Various studies have demonstrated the radio protective and anti-stress effects of
antioxidants in stress models. Vitamin E has many biological functions, including its role
as a fat-soluble naturally occurring antioxidant (Hassan & Awad et al, 2007). Vitamin E
is classified as an antioxidant due to its ability to scavenge lipid radicals and terminate
oxidative chain reactions (Alshiek JA et al., 2017). It can terminate radical chain
reactions by interacting with the lipid peroxyl radical, preventing it from generating a new
radical and perpetuating the chain reaction by oxidizing other lipids (Alshiek JA et
.,2017). Following its oxidation, vitamin E can be recycled back to its native unoxidized
form by various soluble antioxidants such as vitamin C and ubiquinol (Feki M et al.,
2001). This process prevents the accumulation of vitamin E radicals and their subsequent
peroxidation of lipids (Niki E et al., 2014), and is considered by some to be critical for
the antioxidant activity of vitamin E (Chow CK et al., 2004). It has been suggested that
all of the other biological functions of vitamin E are actually a result of its antioxidant
activity (Flohé RB et al., 1999). As a potent antioxidant, it acts as a peroxyl radical
scavenger, disabling the production of damaging free radicals in tissues. In addition, it is
responsible for repairing wounds and regeneration of the damaged extracellular tissue

(Villacorta et al., 2003).
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2. REVIEW OF LITERATURE

Exposure to stress is inevitable, and it may occur, at varying degrees, at different phases
throughout the lifespan. 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” (Chrousos GP et
al 1992; Dhir et al., 2006). When a person encounters a stressor, body prepares to respond
to the challenge or threat. The autonomic nervous and endocrine systems respond by
producing the hormones epinephrine, norepinephrine, and cortisol. The result of this
hormone production is a cascade of physiological reactions that make up the stress
response. Epinephrine and norepinephrine are involved in the initial changes that take
place to prepare the body to react and to prepare for a challenge. These responses include
increases in heart and respiration rates, blood pressure, perspiration, and energy
production. There also suppression of immune function, production of B-endorphin (the
body’s natural painkiller), and increased acuity of the senses. These changes make up the
fight-or-flight response, which prepares the body to cope with the stressor. If the stressor
is perceived as negative or more as a threat than as a challenge, cortisol production is
increased. Cortisol is involved in energy production but also suppresses immune function

(Erica MJ et al., 2003).

A stressful situation induces the organism to mobilize not only the adrenal system and
endocrine system but also the central nervous system and the pituitary (Kayalvizhi et al.,
2012). One of the main mechanism by which stress affects the brain is by oxidative stress
causing oxidative damage. During stressful conditions, oxidative stress reflects an
imbalance between the systemic manifestation of reactive oxygen species and the
biological systems ability to readily detoxify the reactive intermediates or to repair the

resulting damage. Disturbances in the normal state of cells can cause toxic effects through
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the production of peroxides and free radicals that damage all components of the cell. It
can cause disruptions in normal mechanisms of cellular signaling & is associated with
increased production of oxidizing species or significant decrease in the effectiveness of

antioxidants such as glutathione (Koob et al., 2008; Kreek et al., 2005).

2.1. Types of stress:

It is very important to note that not all stresses or stressors are bad. Every individual
experiences 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. It has negative
impact on behaviors, relationships, and health. 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 (Arria AM et al., 2009) .
A stress may be eustress or individuals’ perception and coping resources for the stressor

(Erica MJ et al., 2013) can determine distress.

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 and 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 (American Psychological Association. 2011).
Acute stress, on the other hand, is a short lasting and one time stressor, such as failing an
exam. Acute episodic stress occurs when an individual experiences acute stress on a
consistent basis, such as overcommitting at work or constant worrying. Individuals who
experience acute episodic stress often show signs and symptoms of stress that can
negatively impact physical and psychological health (Arria AM et al., 2009). To avoid

these consequences, these people can learn how to change their behaviors and manage
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their stress. 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 (Derek Atchley et al., 2011).

2.2. Types of induced stressors in animals:

Stress will be physiological and psychological

Physiological stress 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 or immobilization bag (Derek Atchley et al., 2011).

High intensity noise exposure (30 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 is
given for lhr/day for a period of 5 days a week, for 50 days. This stress is given for a
period of 30min continuously & animal is allowed to take rest for 10 min, remaining
30min procedure is continued (Hacioglu Gulay et al., 2016).

Forced swimming stress: Animal made to swim in the water forcibly for 5 min then
grasp the animal gently by the tail or trunk lift from the water, place it to dry. Like this
procedure can be done by repeated intervals for 1 hour/day making sure that animal
should not drown, for a period of 5days a week for 50 days (Hacioglu Gulay et al., 2016).
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 (Heinrichs SC et al., 2006).

Food deprivation stress: It is the restriction of free access to food for a certain period.
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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
hypothalamopituitary adrenal axis due to separation and handling. This stressor involves
removal of pup from the care of its mother for certain period of time (Heinrichs SC et al.,
2006).

Overcrowding stress: Permissible limit of animals in a cage is 2-3 but in this involving
the animals more than 4-5. (Heinrichs SC et al., 2006).

Social isolation: It is a common type of psychological stressor in which subject is placed
in a long term solitary housing without any companion (Heinrichs SC et al., 2006).
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 (Heinrichs SC et al., 2006).

Resident/intruder stress: It is a social conflict stress involving threat from an aggressive

male (Heinrichs SC et al., 2006).

2.3. Radiofrequency Electromagnetic radiations from mobile phone as a stressor:

Mobile phone technology uses radiofrequency electromagnetic radiation (RF-EMR) and
has drastically increased the RF-EMR exposure encountered in daily life. Mobile phones
are often prohibited in hospitals and on airplanes, as the radiofrequency signals may
interfere with certain electro-medical devices and navigation systems. Many recent
studies have raised questions regarding the safety of such RF-EMR exposure. For
example, microwaves generated by mobile phones have been linked to several genetic

defects (Hardell L et al., 2007). Research also suggests that microwave radiation from
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mobile phones may induce chromosomal instability and lead to increased cancer risk
(Ragy MM et al., 2014).

RF-EMR is a form of microwave radiation, important properties of which include the
frequency at which it is generated, measured in megahertz (MHz) or gigahertz (GHz),
and the intensity of the waves, or the specific absorption rates (SAR); the energy carried
as a quantity with respect to mass in watts per kilogram. The transfer of energy from the
electromagnetic field to particles in an absorber is measured by the SAR, which indicates
the quantity of energy related to mass, defined at a particular point in the absorber
(Durney et al., 1986).

The frequency of RF-EMR emitted by mobile phone devices is in the range of 900 to
1800 MHz and the intensity of this radiation is generally restricted to a local limit of <2
W/kg and whole-body limit of 0.08 W/kg (Chen et al., 2007; Durney et al., 1986) to
enforce safe exposure levels in humans. Meanwhile, the ability of RF-EMR itself to
penetrate into the skin and body is dependent on the permittivity and conductivity of the
irradiated tissue, as well as the wavelength of the radiation, which is inversely related to
the wave frequency. Therefore, at lower frequencies, the penetration of the RF-EMR s
further and devices operating in the 900 MHz range will irradiate the body more
approximately 25% of the body in humans compared to 20% penetration 90 at 1800 MHz
(Durney et al., 1986).

Mobile phone communications uses a variety of different frequency ranges, with the most
common utilising the 880-915MHz range for the global system for mobile
communications (GSM) 900 uplink (from mobile phone to base station), 925-960 MHz
for the GSM900 downlink (from base station to mobile phone), 1710-1785MHz for the
DCS1800 uplink, 1805MHz-1880MHz for the GSM1800 downlink, 1920-1980MHz for

the universal mobile telecommunications system (UTMS) data uplink and 2110-
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2170MHz for the UTMS data downlink (Bolte & Eikelboom et al., 2012). Of particular
interest is this radiofrequency range, in which majorities of studies have utilized exposure
frequencies of 900-1800 MHz (Chen et al., 2007). This in turn forms the basis of the
study.

Generalizing on the cellular commonality shared among insects and humans,
Panagopoulos and Margaritis (2002) exposed fruit flies to GSM (~900 MHz) cell phone
radiation at very low levels for just six minutes per day during the several days it takes
such flies to hatch from newly fertilized eggs. The levels averaged between about 7-uW
cm? and under 3mW cm?. The exposed groups in their adult life showed a loss in
reproductive activity varying between 15% and 60%, depending on estimated irradiance.
The authors conclude that GSM radiation may be capable of serious biological damage

to human cells (Margaritis et al., 2002).

2.3.1. Radiation

“Radiation is the form of energy that pass through the medium”. It consists of electric and
magnetic energy waves, which radiates together through the space almost at speed of the
light. We are living in a radiation world and being exposed to natural and artificial
radiation like man-made radiation. Throughout the life we have been exposed to different
forms of radiations like UV radiation from the sunlight, radio waves from the TV and

radio and gamma rays like X-Rays and CT scan (Percuoco et al., 2014).

2.3.1.1. Types of Radiation- They are two types:
»  lonizing Radiation
»  Non-lonizing Radiation

lonizing Radiation:

> It consists of enough energy, which causes ionization.
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lonization is a process through which electrons were stripping from atoms
and molecules.

This process can lead to molecular changes, which leads to damage to the
genetic material of the biological tissue and DNA.

High levels of electric and magnetic energy is required for this interaction
process.

Gamma radiation and X-Radiation are two types of EMR, which is having
enough energy for ionization of biological systems (Panagopoulos et al.,

2002).

Examples of ionizing radiation- Gamma rays &X-rays

Non-ionizing radiation:

>

>

It does not have enough energy for ionization of atoms and molecules.
Exposure to non-ionizing radiation for longer duration may cause some
heating to the localised tissue, but not adequate to cause the tissue damage.
Examples of non-ionising radiation — Radio frequency energy, visible light &

infrared light (Hoong K et al., 2003).

2.3.1.2. Behavior of radiation-

>

Radiation behaves in the same manner as light, it travels in a straight line and
when it collides with an objective, it will do three things-

Transmission: it may pass through

Reflection: it may bounce off

Absorption: it may be absorbed

The power and energy of the radiation reduces based on the distance from the
source, which means the person will be exposed to less level of radiation

when he/she stays away from the source of radiation (Percuoco et al., 2014).
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2.3.2. Electro Magnetic Field-

»  Electromagnetic radiation consists of electric and magnetic energy waves
which radiates together through the space almost at a speed of the light.

»  The term Electro Magnetic Field was used to indicate the presence of
electromagnetic radiation.

»  Different forms of electromagnetic radiation are classified based on their
frequencies.

»  The term Electromagnetic field was generally used to cover the fields in the
frequency range below 300 gigahertz, whereas giga refers to a thousand
million (Hoong K et al., 2003).

»  Electromagnetic field includes electric and magnetic fields from electric
supply at power frequencies (50 Hz) and radio waves from radio, mobile
phone, television, radar and satellite communications.

»  Some home devices also transmits Electro Magnetic Field such as cordless
phones and radio-controlled devices (Miller AB et al., 2010).

2.3.3. Electro Magnetic Frequencies-

Measurement of Frequency- in Hertz (Hz) 1 Hertz (Hz) =1 Cycle/second
» Kilohertz = KHz = 1000 Hz (one thousand hertz)

» Megahertz = MHz = 1000000 Hz (10 lakh/one million hertz)

» Gigahertz = GHz = 1000000000 Hz (100 Crore/one billion Hertz)
Examples:
Source: Frequency
Mobile phone: 900-2100 MHz
Power line: 50 Hz
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2.3.4.SAR impacts:

The quantity of RF-EMR absorbed by body tissue while using an MP is measured in
terms of specific absorption rate (SAR), which is measured in Watt per kilogramme
(w/kg). Recommendations set a SAR limit of 2.0 W/Kg in 10 gm' of tissue, according to
the International Commission on Non-lonising Radiofrequency Protection. Most
guidelines utilise a whole-body average SAR of 0.4W/Kg as the basic restriction, which
is based on the reported effects of whole-body heating causing considerable elevation of

core temperature(>1°C) (Jin J et al., 2018).

2.3.5. Exposure levels to mobile phones:

Mobile phones are low-powered radiofrequency transmitters, operating at frequencies
between 450 and 2700 MHz with peak powers in the range of 0.1 to 2 watts. The handset
only transmits power when it is turned on. The power (and hence the radiofrequency
exposure to a user) falls off rapidly with increasing distance from the handset. A person
using a mobile phone 30-40 cm away from their body — for example when text
messaging, accessing the Internet, or using a “hands free” device — will therefore have a
much lower exposure to radiofrequency fields than someone holding the handset against

their head (Aalto, S et al.,2006).

In addition to using "hands-free" devices, which keep mobile phones away from the head
and body during phone calls, exposure is also reduced by limiting the number and length
of calls. Using the phone in areas of good reception also decreases exposure as it allows
the phone to transmit at reduced power. The use of commercial devices for reducing

radiofrequency field exposure has not been shown to be effective (Aalto, S et al., 2006).
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2.3.6. Effect of mobile phones:
A large number of studies have been performed over the last two decades to assess

whether mobile phones pose a potential health risk.

2.3.6.1. Short-term effects

Tissue heating is the principal mechanism of interaction between radiofrequency energy
and the human body. At the frequencies used by mobile phones, the skin absorbs most of
the energy and other superficial tissues, resulting in negligible temperature rise in the
brain or any other organs of the body (Durney et al., 1986). A number of studies have
investigated the effects of radiofrequency fields on brain electrical activity, cognitive
function, sleep, heart rate and blood pressure in volunteers. To date, research does not
suggest any consistent evidence of adverse health effects from exposure to
radiofrequency fields at levels below those that cause tissue heating. Further, research has
not been able to provide support for a causal relationship between exposure to
electromagnetic fields and self-reported symptoms, or “electromagnetic hypersensitivity”
(Foster KR et al., 2018).

However, there is some concern that short-term memory loss or other cognitive effects
may be associated with the use of mobile telephones. Mounting evidence suggests that
exposure to RF-EMR can influence learning and memory in rodents (Narayanan et al.,

2010).

2.3.6.2. Long-term effects

Epidemiological research examining potential long-term risks from radiofrequency
exposure has mostly looked for an association between brain tumours and mobile phone
use. However, because many cancers are not detectable until many years after the

interactions that led to the tumour, and since mobile phones were not widely used until
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the early 1990s, epidemiological studies at present can only assess those cancers that
become evident within shorter time periods. However, results of animal studies
consistently show no increased cancer risk for long-term exposure to radiofrequency
fields ( Shih YW et al., 2021).

Several large multinational epidemiological studies have been completed or are ongoing,
including case-control studies and prospective cohort studies examining a number of
health endpoints in adults. The largest retrospective case-control study to date on adults,
Interphone, coordinated by the International Agency for Research on Cancer (IARC), was
designed to determine whether there are links between use of mobile phones and head
and neck cancers in adults. The international pooled analysis of data gathered from 13
participating countries found no increased risk of glioma or meningioma with mobile
phone use of more than 10 years. There are some indications of an increased risk of
glioma for those who reported the highest 10% of cumulative hours of cell phone use,
although there was no consistent trend of increasing risk with greater duration of use. The
researchers concluded that biases and errors limit the strength of these conclusions and
prevent a causal interpretation. Based largely on these data, IARC has classified
radiofrequency electromagnetic fields as possibly carcinogenic to humans (Group 2B), a
category used when a causal association is considered credible, but when chance, bias or
confounding cannot be ruled out with reasonable confidence(International Commission
on Non-lonizing Radiation Protection (ICNIRP) 2009).

While an increased risk of brain tumours is not established, the increasing use of mobile
phones and the lack of data for mobile phone use over time periods longer than 15 years
warrant further research of mobile phone use and brain cancer risk. In particular, with the
recent popularity of mobile phone use among younger people, and therefore a potentially

longer lifetime of exposure, WHO has promoted further research on this group. Several
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studies investigating potential health effects in children and adolescents are underway
(Prasad M et al., 2017).

Due to the wide and growing use of mobile communication, there is increasing concern
about the interactions of electromagnetic radiation with the human organs and, in
particular, with the brain. Experimental studies have shown that the radiofrequency RF-
EMR emitted from the mobile phones can affect the brain in various ways. These effects
have been described in vitro and in vivo in a number of studies: in particular, effects on
cerebral blood flow, blood-brain barrier permeability, oxidant and antioxidant balance,
neurotransmitter balance, nerve cell damage, and genomic responses have been reported

(Narayanan et al., 2010).

The effects of the RF-EMR emitted by these devices on biological systems and
specifically the reproductive systems are currently under active debate. Within these 21
studies, 11 of the 15 that investigated sperm motility reported significant declines, 7 of 7
that measured the production of ROS documented elevated levels and 4 of 5 studies that
probed for DNA damage highlighted increased damage due to RF-EMR exposure
(Houston BJ et al., 2016). Associated with this, RF-EMR treatment reduced the
antioxidant levels in 6 of 6 studies that discussed this phenomenon, whereas
consequences of RF-EMR were successfully ameliorated with the supplementation of
antioxidants in all 3 studies that carried out these experiments. A continued focus on
research, which aims to shed light on the biological effects of RF-EMR, will allow us to

test and assess this proposed mechanism in a variety of cell types (Maluin SM et .,2021).

Chronic MP RF EMR exposure has shown to significantly alter the passive avoidance
behavior and hippocampal morphology by affecting the brain in rats (Narayanan et al.,

2010). This was supported by another study that showed mice exposed to RF EMR in
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utero were hyper active with impaired memory , that were determined by using the object
recognition, light/dark box and step down assays (Aldad et al., 2012) . The exposure of
RF EMR to foetal mice showed memory impairment by neuronal degeneration (Daniels
et al., 2009). In a study it reported that RF EMR exposure had no significant effect on
memory and brain morphology but decreases locomotion and increased grooming in rats
(Daniels et al., 2009). Junior et al. also found that exposure to RF-EMR had no effects on
anxiety and memory impairment in adult (60-day-old) rats (Junior et al., 2014).

In a vivo study, the rats were allowed to expose to RF- radiation had a significant
elevation in MDA content and a significant reduction in antioxidant parameters
(glutathione, super oxide dismutase and glutathione peroxidase) in both regions. The
study was carried out to investigate the effect of 1800 MHz RF radiation emitted from
mobile phone on the rat’s brain, the present study was performed. Forty male rats were
randomly divided into two equal groups; control and exposed group. The rats that were
exposed to RF- radiation had a significant elevation in MDA content and a significant
reduction in antioxidant parameters (glutathione, super oxide dismutase and glutathione
peroxidase) in both regions. Degenerative changes were observed in the hippocampus
pyramidal cells, dark cells and cerebellar Purkinje cells with vascular congestion. In
addition a significant DNA fragmentation and over expression of cyclooxygenase-2
apoptotic gene was detected. Those results suggested that, direct chronic exposure to
mobile phone caused severe biochemical and histopathological changes in the brain. The
findings indicate that chronic exposure to mobile radiation leads to change in structural
integrity of hippocampus also alters the cognitive function like learning and memory.
Regardless of these differences, the balance of evidence supports the principle that RF-
EMR has the ability to induce cellular damage (Adams et al., 2014). In light of this

conclusion and to work toward identifying real clinical risks, it is imperative that we
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develop an understanding of the mechanism by which this form of radiation affects

different biological systems.

Studies showed that stress and RF-EMR cause oxidative damage leading to oxidative
stress. Medina et al. stated that neuronal damage leads to a significantly higher
concentration of lipid peroxides by-products like MDA and neuronal damage marker
NSE (Medina-Hernandez et al., 2007). It was proved that during oxidative stress, the
levels of glutathione (GSH), the activity of superoxide dismutase (SOD), and glutathione
peroxidase (GPX) were decreased (Edith Lubos et al 2011;Lushchak V et al., 2012). At
the same time, MDA was increased in different brain regions of experimental rats
(hippocampus and cerebellum, respectively) compared to the control group. MDA, the
indicated marker for LPO, showed a significant elevation in the exposed group compared
to the control (Hussein et al., 2016). Under normal conditions, the antioxidant defense
mechanisms neutralized the over ROS production. GSH is a critical non-enzymatic
antioxidant that plays a crucial role in ROS detoxification. SOD and GPX enzymes are
the first line of cellular defence against oxidative injury. Exposure of adult rats to
radiation emitted from mobile phones led to a significant reduction in GSH concentration
(Hussein et al., 2016). During oxidative stress and brain damage, there was increased

GFAP in response to hydrogen peroxide and cysteamine (Morgan et al., 1997).

Concerns about the possible health effects of mobile phone usage are growing as the
number of users has increased tremendously over the past several years. Mobile phone
“technology uses RF-EMR and has drastically increased the RF-EMR exposure
encountered in daily life. Many recent studies have raised questions regarding the safety
of such RF-EMR exposure (Mailankot et al., 2009). Many researchers believe that RF-

EMR and the heat generated from mobile phones cause intensive damage. They have
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suggested that the contribution of the non-thermal component is minimal and that the
effects of mobile phone exposure would be negligible if the thermal effect could be

eliminated (Mailankot et al., 2009).

2.4. Effects of oxidative stress:

Oxidation is a normal and necessary process that takes place in your body. Oxidative
stress, on the other hand, occurs when there’s an imbalance between free radical activity
and antioxidant activity. When functioning properly, free radicals can help fight off
pathogens. Pathogens lead to infections. When there are more free radicals present than
can be kept in balance by antioxidants, the free radicals can start doing damage to fatty
tissue, DNA, and proteins in your body. Proteins, lipids, and DNA make up a large part
of your body, so that damage can lead to a vast number of diseases over time. These
include diabetes, atherosclerosis, or the hardening of the blood vessels, inflammatory
conditions, high blood pressure, which is also known as hypertension, heart disease,
neurodegenerative diseases, such as Parkinson’s and Alzheimer’s and cancer. Oxidative
stress also contributes to aging (Mifsud KR et al., 2018). Lipid peroxidation is a process
in which oxidants such as free radicals destroy lipids that contain carbon-carbon double
bonds, particularly polyunsaturated fatty acids (PUFAS). A substantial body of work on
lipid peroxidation has been published over the last four decades, demonstrating its
importance in cell biology and human health. MDA is one of the several byproducts
formed during degradation of phospholipid cell membrane. Due to the damage of cell
membrane by reactive oxygen species, Phospholipase A2 enzyme releases arachidonic
acid from membrane phospholipids. In subsequent reactions this yields the formation of
MDA (Lorente L et al., 2013). Oxidative stress and oxidative damages are well

established cause for many chronic disorders. The etiopathogenesis of various chronic

28


https://www.healthline.com/health/diabetes/types-of-diabetes
https://www.healthline.com/health/atherosclerosis
https://www.healthline.com/health/high-blood-pressure-hypertension
https://www.healthline.com/health/heart-disease
https://www.healthline.com/health/parkinsons
https://www.healthline.com/health/alzheimers-disease

diseases has been linked to oxidative stress, which also plays a key role in the ageing
process (Ogura S et al., 2014).

2.4.1. Risk factors of oxidative stress:

Everyone produces some free radicals naturally in their body through processes like
exercise or inflammation. This is normal and part of the body’s intricate system of
keeping itself healthy. You may also be exposed to free radicals in the environment. Some
sources include ozone, certain pesticides and cleaners, cigarette smoke, radiation and
pollution. A diet high in sugar, fat, and alcohol may also contribute to free radical
production (Ketchesin KD et al., 2017).

2.5. Impact of stress and RF-EMR on Human Health

Some of the studies were done on humans shows that stress leads to cardiovascular
diseases due to lipid accumulation by ROS ( atherosclerosis, ischemia, hypertension,
cardiomyopathy, cardiac hypertrophy, and congestive heart failure), Neurological
diseases due to neuron loss (Parkinson’s disease, Alzheimer’s disease (AD), amyotrophic
lateral sclerosis (ALS), multiple sclerosis, depression, and memory loss), Respiratory
diseases due to enhanced inflammation (asthma and chronic obstructive pulmonary
disease (COPD)), Rheumatoid arthritis by the increased isoprostane and prostaglandin
levels in synovial fluid of affected patients, kidney diseases by forming fibrotic tissue.

(Dhalla N S et al., 2000).

Some of the studies shows that Non-ionizing radiation from MP does not damage DNA
in cells or tissues, but it does cause thermal or heating effects. As a result, long-term
exposure to high-power non-ionizing radiation (e.g., broadcast transmitters) may cause
tumours, cancers, and neurobehavioral disorders. Furthermore, residents living near

high-power lines are at an increased risk of leukaemia due to magnetic field exposure.
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The risk of leukaemia decreases as one moves away from power lines (Zamanian et al.,

2005).

Due to the long-term impact of tissue heating, high levels of RF-EMR radiation can cause
chronic headaches, and drowsiness (Carpenter DO et al., 2013). It has also been linked to
neurobehavioral and neurobiological effects. However, additional research is required to
clarify and confirm the effects (Zwoinska J K et al., 2015). RF-EMR exposure does not
cause mitochondrial dysfunction, according to research (Hu et al., 2021). Long-term
exposure to MP light can even cause cataracts, eye damage, and skin burns. Long-term
UV exposure can also cause premature ageing, skin damage (including wrinkles,
keratosis, and solar elastosis), corneal inflammation, and even skin cancer (melanoma,
basal cell, and squamous cell cancers) (Yu Y et al., 2010) (Bhatia K et al., 2021). Long
exposure to X-Rays and Gamma Rays (which are ionizing radiations) can cause leukemia,
bone cancer, lung cancer, and other genetic mutations leading to cancers (Zamanian et

al., 2005).

A community based cross sectional questionnaire study was done on 2121 human
population and found that Headache, earache, neck pain, tinnitus, painful fingers,
morning tiredness, fatigue, eye symptoms, sleep disturbance, and restlessness were
discovered to be positively associated with mobile phone usage. There is a one more
questionnaire based study which support this findings which was done on medical
students in that they have found that headache, sleep disturbance, ear pain, irritability,
Neck pain, Painful fingers, Eye symptoms Restlessness, Painful fingers, Fatigue,

Earache(Sinha s et al.,2019).
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2.6. 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 neurons secrete CRH
and vasopressin (VP), which synergistically stimulate ACTH secretion by the pituitary
corticotrophic cells. ACTH then enters the systemic circulation, stimulating
corticosterone (CORT) synthesis from the cholesterol (CHOL) and its release from the
adrenal cortex, which in turn provides an inhibitory feedback signal to the system
(Djordjevic J et al.,2003).

Stress, either acute mild stress or prolonged chronic stress, can also influence our appetite,

including our drive to eat and the types of food we are likely to select (Currie P et. 2003).

Hypothalamus Hippocampus
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CRH

v

Anterior pituitary

ACTH

\ 4
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y

Glucocorticoids

Source Fig 2.1: Derek Atchley. The Time-Course of the Effects of Stress on Behavior
in Rodents. Eukaryon, 2011; Vol. 7.
During acute stress corticotropin-releasing hormone (CRH) is released from the medial

parvocellular (mp) paraventricular nucleus of the hypothalamus (PVN), ACTH is
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released from pituitary and the cascade of reactions takes place for the release of
glucocorticods.CRH is also released from arcuate nucleus to inhibite neuropeptide Y and
agouti-related peptide (AGRP) (these are the hormones increases food intake and
suppresses energy expenditure). Urocortins are the molecules belongs to CRH family also
released at this time which are also responsibe for suppresing appetite by inhibiting the
ghrelin activity. Thus during acute stress CRH is responsible for inhibiting the appetite
(Currie P et. 2003) (Richard D et al., 2002). Thus, CRH injected directly into the dorsal
anterior bed nucleus of the stria terminalis (BNST) not on the ventral part or other brain
regions such as the central amygdala or locus coeruleus) significantly reduces food intake
in already food-deprived rats (Ciccocioppo R et al., 2003).

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 (Jorntorp P et al., 2001). Thus, in humans, a peripheral
injection of CRH leads to increased food intake 1 h later but the amount of food consumed
is directly correlated with the magnitude of the cortisol response to the injection (George
SA et al.,, 2010). 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) (Shimizu H et al.,2008) .
Glucocorticoids also influence food intake by enhancing the preference for “comfort
foods.” Insulin’s suppressive effect on reward pathways likely means the food needs to
be more “rewarding” to achieve the same effect; hence under stressed conditions rats
prefer foods that are high in fat and sucrose when a choice is available (Warne J P et al.,

2006).
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Stress is a challenge to the natural homeostasis of an organism; in turn, the organism may
react to stress by producing a physiological response to regain equilibrium lost by the
impact of the stressor. Stress has long been considered as a critical risk factor in the
development of addictive disorders and relapse to addictive behaviors (Kreek MJ et al.,
2005; Koob GF et al., 2008)  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 (Derek Atchley et al., 2011). One such homeostasis that is

disrupted is in feeding behavior (Derek Atchley et al., 2011).

2.7. Feeding behavior:

Feeding behavior is defined as the behaviors related to obtaining &consuming food. It is
a complex behavior in our day to day life that is regulated by many mechanisms like
external factors such as food availability y and quality, as well as by internal factors
including sex, age, circadian rhythms and most importantly, the hormonal status related
to energy homeostasis (Schwartz M.W et al., 2000). The understanding of the
physiological basis of feeding behavior regulation is particularly important, as in affluent
societies obesity has become a widespread problem (Berthoud HR et al., 2004). But the
exact regulatory mechanisms are not well understood. Since hypothalamus is the center
for controlling feeding behavior, studies have proved the role of hypothalamus in feeding
behavior and is mainly under the control of leptin and insulin (Dhir A et al., 2006; Yvonne
H et al., 2013; Hillebrand JJ et al., 2002). Several hypothalamic neuropeptides such as
agouti-related protein (AgRP) and neuropeptide Y (NPY) have been shown to be potent

feeding stimulants, whereas melanocortins (POMC) and cocaine- and amphetamine-
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regulated transcript (CART) have been shown to suppress food intake(Stanley S et
al.,2005).

2.7.1. Physiology of feeding:

2.7.1.1. Feeding & 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 set point. 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. Similarly, during recovery from illness, food intake is increased in a catch up
fashion until lost weight is regained (Albanes D et al., 1987).

2.7.2. Role of hypothalamus:

Hypothalamic regulation of the appetite for food depends primarily upon the interaction
of two areas: a lateral feeding center in the bed nucleus of the medial forebrain bundle at
its junction with the pallidohypothalamic fibres, and a medial satiety center in the
ventromedial nucleus. Stimulation of the ventromedial nucleus causes cessation of eating,
whereas lesions in this region cause hyperphagia and, if the food supply is abundant, the
syndrome of hypothalamic obesity. Destruction of the feeding center in rats with lesions
of the satiety center causes anorexia, which indicates that the satiety center functions by

inhibiting the feeding center (Stanley S et al., 2005).
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Principal hypothalamic polypeptides that appear to play a role in the regulation of

the appetite for food
Factors that Increases food intake Factors that decreases food intake
Ghrelin Peptide YY
Orexin A Leptin
Orexin B Glucagon
Neuropeptide Y CCK, CRH, GRP
Melanin concentrating hormone (MCH) | Somatostatin
GHRH Oxytocin
Bombasin

Source Fig 2.1: Ganong. Review of medical physiology.21% edition.128-130.

Hypothalamus is well known for its role in controlling feeding behavior, but the
hippocampus is also believed to play role in it because Food intake is a complex behavior
that can occur or cease to occur for a multitude of reasons. Decisions about where, when,
what, and how much to eat are not merely reflexive responses to food-relevant stimuli or

to changes in energy status (Bast T., 2009).

2.7.3. Influence of hippocampus on feeding:

The hippocampus is a part of brain which belongs to the limbic system and is involved in
cognitive functions like spatial learning and working memory (Cohen NJ et al 1997). It
plays a crucial role in the formation of new memories and it is considered as a sensitive
region and is affected by mobile phone radiation (Afeefy AA et al 2013). The former
represents conscious recollection of general factual information, whereas the latter
represents autobiographical memories of explicitly recalled events (Eichenbaum H et al
2004). Eating a meal or snack can create an episodic memory that is later consolidated to
long-term memory and recalled. Data showing that both meal initiation and meal size are

influenced by the degree to which previous meals can be explicitly recalled support the
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relevance of hippocampal-dependent episodic memory function to feeding behavior.
Amnesic patients with extensive bilateral hippocampal damage, for example, who have
difficulties establishing new episodic memories, will consume a second or even third
meal offered only minute’s later (Rozin P et 1998). Findings from other studies suggest
that sensory-specific hedonic feeding modulation does not require hippocampal-
dependent episodic memory of recent feeding occasions. It was also demonstrated in
healthy human subjects that priming the explicit recall of a recent meal reduces the
amount of food consumed at the subsequent meal (Higgs S et al 2008, Higgs S et al 2002).
2.8. Some of the review of works on stress related to feeding behavior:

Stress is known to alter feeding responses in a bidirectional pattern, with both increased
and decreased intake of food (Jayanthi M et al., 2012). 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. Uncontrollable stress changes eating
patterns and the salience and consumption of hyper palatable foods that induces metabolic
changes that would promote weight and body fat mass (Yvonne H et al., 2013).
Hamidreza Famitafreshi et al have demonstrated that food consumption was increased in
addicted isolated rats when compared to addicted socialized rats and concluded that
feeding behavior was regulated by adult hippocampal neurogenesis in addiction period
and socialization improves it (Hamidreza F et al., 2016). Stress also causes elevated
glucocorticoid levels leading to stimulation of feeding behavior and excessive weight
gain (Luba S et al., 2014). Carr JA et al 2002 demonstrated that stress inhibits feeding
behavior in all vertebrates. Restraint stresses have shown to reduce body weight due to
decreased intake of food (Jooyeon j et al., 2013). Cristina et al demonstrated that acute
stress causes weight loss and chronic stressors promote the activation of the pro-

obesogenic mechanisms that favours the accumulation of central/visceral fat (Cristina R
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etal., 2016). However Favreau-Peigne et al 2014 demonstrated that chronic stress altered
animal welfare but also decreased body weight.

Although acute stress has been shown to have facilitating effects on memory, chronic
stress causes the development of psychiatric disorders (depression and anxiety), leading
to altered appetite (Neil S et al., 2005). Stress was associated with significant elevation
in the markers of oxidative stress in the cerebral cortex. Gulay Hacioglu et al
demonstrated that exposure to stress causes increased production of reactive oxygen
species. Brain derived neurotrophic factor (BDNF) has a crucial role in the survival &
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
(Hacioglu et al., 2016).

Medina et al stated that stress causes neuronal damage leads to significant higher
concentration of lipid peroxides by products like MDA and neuronal damage marker NSE
(Medina H et al., 2007). It was proved that during oxidative stress the concentration of
GSH, activity of SOD and GPX was decreased while MDA were seen to be increased in
different brain regions of experimental rats (hippocampus, cerebellum respectively) in
comparison to the control group. Under normal condition, the over ROS production was
neutralized by the antioxidant defence mechanisms. 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 (Dudziak MS et al., 2019).
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Stress causes the production of free radicals by decreasing antioxidants (Kayalvizhi et al.,
2012). Vitamin E has been reported as an excellent biological chain-breaking antioxidant
that protects cells and tissue from oxidative damage. The antioxidative property of
Vitamin E was suggested to have a significant role in developing immune response by
protecting the cells, such as lymphocytes, macrophages, and plasma cells, from oxidative
damage, enhancing the function and proliferation of those cells that face the oxidative
stress. Vitamin E supplementation is known to decrease MDA and NSE levels through
its antioxidant property, minimizing oxidative stress by inhibiting ROS production and
scavenging the superoxide ions (Jena et al., 2013). A free radical may be defined as "any
species capable of independent existence that contains one or more unpaired electrons”
(Halliwell 1991).In recent years, the phrase "reactive oxygen species” (or ROS) refer to
substances like hydrogen peroxide (H201), hypochlorous acid (HOCI), and singlet
oxygen (‘O:;), which, while not radicals in nature, can produce radicals in the extracellular
and intracellular settings (Haliiwell & Gutteridge 1990). The following are some of the

processes by which reactive oxygen species induce tissue damage.

o Protein degradation, including gingival hyaluronic acid and proteoglycans,

. DNA damage,

o Lipid peroxidation (via activation of cyclooxygenases and lipooxygenases),
and (Bartold et al. 1984).

o Important enzymes, such as anti-proteases such as al-antitrypsin, are oxidised

(\arani et al. 1990).

Stress leads to Activation of HPA Axis and lead to increased glucocorticoids by
activating dopamine system which in turn stimulates stress avoidance and pleasure

seeking behavior.
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2.9. NSE:

NSE, like chromogranin A (CgA), cannot distinguish between distinct subtypes of
neuroendocrine tumours (NETS); yet, high NSE levels have been linked to poor tumour
differentiation. NSE is found in cytoplasm and dendrites of the neurons and is thought to
be a marker of neuronal damage. Although its levels are low in peripheral blood is stated
that can be used as a sensitive indicator as it increases in serum during injury and damage
(Isgro MA et al., 2015). Non-neuronal enolase (NNE) and NSE are isoenzymes that are
expressed in the brain. NSE, the most acidic brain enolase, is made up of two -subunits
with a molecular mass of 39,000. NNE is the least acidic enolase isoenzyme, with a
relative molecular mass of 43,500. It is made up of two -subunits. Since
immunocytochemical studies have proven its strict glial location inside neural tissue, this
kind of enolase was dubbed non-neuronal enolase. The most notable difference between
NSE and NNE is that the two proteins appear to have no immunological cross-reactivity
(D E Schmechel et al., 1980). Chloride ions, urea, and temperature are all very susceptible
to NNE. NSE, on the other hand, is far more resistant to chloride-induced inactivation.
Because this ion accumulates in nerve cells during periods of recurrent depolarization,
NSE's relative insensitivity to chloride ions is particularly intriguing. It's possible that
NSE's relative resistance to chloride ions evolved to fit the neuron's intracellular
environment. The neuron's chloride-sensitive enolase would be inactivated, and
glycolysis would be disrupted at a period when metabolic energy was most needed. Hence
these metabolic pathways could increase cellular free radicals, which may attack
phospholipids, proteins, and nucleic acids (D E Schmechel et al., 1980) (Isgro MA et al.,

2015).
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2.10. MDA:

MDA is one of the most often detected oxidative stress biomarkers, specifically lipid
peroxidation. As a result, increased oxidative stress is commonly recognised as a disease
(Tsikas D et al 2017). The etiopathogenesis of various chronic diseases has been linked
to oxidative stress, which also plays a key role in the ageing process. Moustafa et al.
showed that the plasma level of lipid peroxide in healthy adult male volunteers was
significantly increased after 1, 2 and 4 h of exposure to radiofrequency fields of the
cellular phone in standby position. They indicated that acute exposureto radiofrequency
fields of commercially available cellular phones may modulate the oxidative stress of free
radicals by enhancing lipid peroxidation and reducing the activation of SOD. MDA is a
major oxidative degradation product of membrane unsaturated fatty acid and has been
shown to be biologically.

2.11. GFAP:

Glial fibrillary acidic protein is the hallmark type Il intermediate filament protein in
astrocytes,a main type of glial cells in the CNS. GFAP is thought to help to maintain
astrocyte mechanical strength. Astrocytes have a range of control and homeostatic
functions in health and disease. Increased GFAP immunoreactivity or astrocyte activation
is usually referred as an index of gliosis. Some studies shows that it’s also present in
glomeruli and peritubular fibroblasts taken from rat kidneys,leydig cells of the testis in

hamsters and humans (Buniatian G et al.,1998).

CNS injury that causes gliosis and subsequently upregulates GFAP makes GFAP an
attractive candidate biomarker for brain injury screening. GFAP is consistently
upregulated with age across rodents and humans and is a surrogate marker of aging in the

brain, as indicated by unbiased microarray analysis of various brain regions across rat,
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mouse, and human species. Recent studies have documented elevated GFAP or its
breakdown products (GFAP- BDP) levels in both CSF and serum after mild, moderate,
or severe Traumatic Brain Injury(TBI) in adult patients, and these elevated GFAP levels
correlate with TBI magnitude and outcomes in children as well (Maunoury R et al.,1991).
These findings are consistent with preclinical models suggesting an association of CSF
and serum GFAP levels with TBI outcomes. In addition, clinical studies suggest a
possible role for GFAP as a brain-specific marker for malignant gliomas. Another TBI
study has shown that although the levels of GFAP were increased in TBI, the levels of
GFAP have poor prognostic value. Prospective studies have demonstrated that GFAP-
BDP levels enable clinicians not only to differentiate injury severity in moderate to severe
TBI but also predict presence or absence of intracranial injury on admission CT imaging,

regardless of TBI severity (Davidoff MS et al., 2002).

Antioxidant enzyme activities were generally reduced in rats supplemented with Vitamin
E, probably due to its synergistic antioxidant defence, as evidenced by the decrease in

DNA damage in the supplemented group (Hamid et al., 2011).

Further antioxidant supplementation improved indices of oxidative stress associated with
repetitive loading exercises and aging and improved the positive work output of muscles
in aged rodents (Ryan et al., 2010). Administration of Vitamin E orally modulates the
antioxidant enzymes by lowering lipid peroxidation (Ahmed et al., 2006). Vitamin E was
shown to be a potent lipid-soluble antioxidant, which improves the animals’ behavioural
changes after immobilization stress (Kayalvizhi et al., 2012).

Antioxidants are "those chemicals that, when present in low concentrations compared to
those of an oxidisable substrate, will significantly delay or block that substrate's

oxidation™ (Halliwell & Gutteridge 1989). "An anti-oxidant is any agent that, when
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present in low concentrations compared to those of an oxidisable substrate, considerably

slows or inhibits oxidation of that substrate," according to Halliwell (1997).

The activation of efficient defence systems against oxidative damage caused by FR/ROS
is critical for organism welfare. Antioxidant defences have been classified in a variety of
ways. The more useful appears to be a functional classification of anti-oxidant systems
based on how they act (Niki, 1996). Antioxidant defence mechanisms in vivo are divided
into three categories based on this: preventive antioxidants, radical scavengers, and repair
and de novo enzymes. Vitamin E contains an OH phenolic group that is responsible for
its anti-oxidant effect, as well as a phytyl side-chain that facilitates its entry into the lipid
bilayer of the cell membrane. However, mounting data suggests that vitamin E isn't
necessarily the best lipophilic anti-oxidant (Battino et al., 1991 a; Stocker et al., 1991)
and, worse, that vitamin E can serve as a pro-oxidant (Bowry et al., 1992; Bowry and
Stocker, 1993; Kontush et al., 1996; Stocker and Bowry, 1996). Vitamin E reduces lipid
peroxidation, scavenging peroxyl radicals far faster than these radicals can react with
neighbouring fatty acid side-chains or membrane proteins, according to the anti-oxidant
viewpoint (Gutteridge and Halliwell, 1994): The peroxyl radical is transformed to lipid
peroxide, and ox-tocopherol is changed to a cx-tocopheroxyl radical, which is then
regenerated to ot-tocopherol by ubiquinol (CoQH2: the reduced form of co-enzyme Q),
GSH, or, most importantly, ascorbic acid. The latter interaction produces an ascorbic acid
radical (a rather unreactive species) that can be reduced by a CoQdependent
dehydrogenase or react with another ascorbic acid molecule to produce ascorbate and
dehydro-ascorbate (Navarro et al., 1995; Villalba et al., 1995). Both ascorbate (Sato et
al., 1990; Kagan et al., 1992) and CoQH2 (Frei et al., 1990; Kagan et al., 1990; Yamamoto

et al., 1990) have been examined and verified in vitro to reduce x-tocopheroxyl radicals.
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Antioxidant supplements, on the other hand, have been proven to enhance antioxidant
enzymes like GSH-PX and CAT in liver and heart cells, increasing the antioxidant
system's potency to prevent MDA from increasing (40). Vitamin consumption also
decreased oxidative damage of endometrial tissue in female rats exposed to 900 MHz in
a 2007 study (8). By creating alphatocopherol and glutathione from free radicals, vitamin

can strengthen the antioxidant system and minimise lipid peroxidation.
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Need for the Study




NEED FOR THE STUDY

Several epidemiological studies have investigated the effects of stress & RF-EMR from
mobile phones on the human body, but the results have been contradictory. Furthermore,
these studies have not addressed questions regarding the effect of mobile phone exposure
on feeding behavior. A clear causal relationship between stress and feeding behavior, i.e.,
whether the stress causes an increase or decrease in feeding behavior, has not been
established. Furthermore, no studies have explored the effects of RF-EMR on feeding
behavior. People are exposed to various stressors and RF-EMR daily. Impacts are due to

oxidative stress, vitamin E might play a role in mitigating this effects.

This study is designed to know the effect of stress and RF-EMR on feeding behavior and
the radio protective effects of Vitamin E in rodents. This study can be deduced to the
human systems. As per literature due to paucity in studies we have planned to conduct

this study.
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AIM AND OBJECTIVES
Aim
To study the effect of Vitamin E supplementation on multiple Stressors & RF-EMR

emitted from mobile phone-induced changes in the feeding behavior of rodents.

Objectives

To study the effect of stress on feeding behavior.

* To study the effect of RF-EMR on feeding behavior.

» To assess the neuronal damage by measuring Neuronal Specific Enalose (NSE)
and Malondialdehyde (MDA) Levels in both stressed & RF-EMR exposed rats.

» To assess the neuronal damage by measuring Neuronal Specific Enalose(NSE)
and Malondialdehyde(MDA) Levels in both stressed & RF-EMR exposed rats
post Vitamin E administration.

» To assess the expression of the Glial fibrillary acidic protein (GFAP) in the brain
in both stressed & RF-EMR exposed rats.

» To assess the expression of the Glial fibrillary acidic protein (GFAP) in the brain

in both stressed rats & RF-EMR exposed rats post Vitamin E administration.
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3. MATERIALS AND METHODS
3.1. Materials

3.1.1. Experimental animals and conditions

The study was done at the central animal house, Sri Devaraj Urs Academy of Higher
Education & Research, Kolar, Karnataka, as a Prospective comparative study after
receiving authorization from the Institutional Animal Ethics Committee (IAEC) with the
number IAEC/PHARMA/SDUMC/2017-18/8a. Institutional Animal Ethics Committee

approved thirty-six rats for the study.

Male Sprague Dawley (SD) rats, 10-12 weeks old, weighing 180-220gms, were
purchased from Biogen laboratory animal facility (Reg
N0:971/PO/RCB1Bt/S/2006/CPCSEA,; Bangalore, India). The animals were housed in
polypropylene rat cages with a temperature of 23 + 2 °C, relative humidity of 55 + 5%,
and 12:12 hour light-dark cycle with ad libitum access to feed and RO drinking water.
Two rats were allocated per cage. The rats were allowed to acclimatize to the laboratory
environment for two weeks before the commencement of the study. Animals were taken
care of as per CPCSEA guidelines. A normal pellet diet was purchased from "Champaka
Feeds and Foods" (VRK Nutritional Solutions, Bangalore, India). The standard diet
consists of moisture (10%), crude protein (18%), crude fiber (4%), crude fat (4%),
nitrogen-free extract (NFE) (60%), Calcium (1%), and Phosphorous (0.5%). Paddy husk
was used as a bedding material procured from a local rice mill. The paddy husk was

replaced every other day, and the rats were handled humanely.
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3.2. Methods

3.2.1. Animal experimental design

A total of 36 SD rats weighing 180-220 g were purchased from the certified breeder and
randomly allocated into the six groups as follows (Fig 2), two rats were allocated in each

cage.

Group | (n=6) — Control: Animals with ad libitum access to food and RO water.

Group Il (n=6) — Stress: Different types of stressors like restraint, swimming, and noise)
was given 1 h/day for 50 days with ad libitum access to food and RO water. Different

stressors were selected in the experiment to prevent habituation (Ely et al., 1997).

Group I11 (n=6) — RF-EMR: Animals were exposed to RF-EMR emitted from 4G Android
mobile phone GSM (0.9 GHz/1.8 GHz) with the exact specification and with the same
mobile network were used in this study for uniformity of radiation exposure which is kept
in answer mode in the cage for one hour per day for 50 days. The mobile phones were
hung down from the roof of the rat cage. Using a radiofrequency decibel meter
(Electrosmog Meter-ED-178s), radiations were measured at the periphery, and animals
were kept at a distance of 15-20cms from the mobile phone. Animals were allowed to
move freely in the cage with continuous access to food and RO water (Narayanan et al.,

2010).

Group IV (n=6) — Stress + Vitamin E: Animals were exposed to different stressors to
prevent habituation. Vitamin E was supplemented (100 mg/kg body weight orally with
an oral gavage needle for 50 days (Hassan et al., 2007) with continuous access to food

and RO water (Ely et al., 1997).
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Group V (n=6) — RF-EMR + Vitamin E: Animals were exposed to RF-EMR emitted from
mobile phones. Vitamin E was supplemented (100 mg/kg body weight orally with an oral
gavage needle for 50 days (Hassan & Awad, 2007) with continuous access to food and

RO water (Narayanan et al., 2010).

Group VI (n=6) — Vehicle control: The animals (2 drops of water were given orally
through oral gavage needle as a vehicle like in group IV and V for 50 days) with

continuous food and RO water access.

Anima species: Rats; Strain: Sprague Dawley; Sex: Male; Age:
10-12 weeks; N=36

12 =12 NPD + [)nn:nlk2m g water
NPD + Drinking water NPD + Drinking water REEMR o mu’;c [E‘gm
No exposure/S0 days Variable stressors/S0 days 9GHy/ : p“ / ; =
n=6 n=6 n=6
control Stress RF-EMR
=6 n=6 n=6 )
i Stress + Vit E RF-EMR + Vit E
(100 mg/kg; p.o.) (100 mg/kg; p.o.) )
Exposures & Treatments: Stress/Stress + Vit E/RF-EMR/RF-EMR+Vit E
Start \ Body weight Body weight Body weight Body weight Body weight Body weight End
\

[ [ | |
D12 3 456 7 8 910011121314 153‘16 17 18 19 20 n‘nin’u‘zs 15’27‘1!‘]29’30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
| |

FEEDING BEHAVIOR

Serum cortisol, MDA and NSE Blood collection
levels Serum separation

Brain isolation for

GFAP levels ‘ otion i
Immunohistochemistry

Fig 3.1. Animal grouping and experimental conditions. NPD — Normal pellet diet; p.o. — per
oral; Vit E — Vitamin E; RF-EMR — Radiofrequency electromagnetic radiation; GFAP — Glial

fibrillary acidic protein.

51



3.2.2. Stressors

Rats of Stress and Stress + Vitamin E groups were exposed to different stressors in
predefined cyclical sequence (Restraint =>High-intensity noise - Swimming). One of
the other stressors was applied every day for 1 hour from 1600-1700 hrs during the
daytime, which continued until day 50. On the other hand, the rats of RF-EMR and RF-
EMR + Vitamin E were exposed to mobile radiation for 1 hour from 1600-1700 hrs for

50 days (Fig 3.1). Two rats were housed per each cage.

Restraint stress

Restraint stress or immobilization is commonly used because it is less severe but can
activate the stress response (Pagadala et al., 2017). In this type of stressor, the animal's
movement is limited by placing the rodent in a plexiglass chamber or immobilization bag
or restrainer (Heinrichs et al., 2006). We used a restrainer to apply the restraint stress on

rats in this study.

High-intensity noise stress

High-intensity noise exposure (speakers emitting with a frequency response of 80-15000
Hz and sensitivity of 80 decibels (dB)) was used as a physical stressor. This protocol was
used as an environmental stressor to mimic stress in everyday life. This stress was given
for 30 min continuously & animal was allowed to rest for 10 min, after which the
remaining 30 min procedure was continued with the noise exposure (Heinrichs et al.,

2006).
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Forced swim stress

The animal was made for swimming in the water for 5 min, and the animal was gently
taken out of the water and placed to dry. This procedure was repeated 12 times (=1

hour/day) for each animal to ensure that the animal did not drown (Heinrichs et al., 2006).

3.2.3. Radiation Frequency Meter (Electrosmog Meter)

An Electrosmog meter (Cornet Microsystems-ED 178) was used in this study to quantify
the radiation emitted from mobile phones during RF-EMR exposure (Fig 3F). An
Electrosmog meter is a sensitive dual-mode device that measures both high-frequency
radiation electromagnetic wave strength and low-frequency radiation electromagnetic
waves. It can measure a radiation frequency bandwidth of 100 MHz (Low frequency) to
8 GHz (High frequency). The measured radiation frequency strength was shown on the
digital LCD in terms of Decibels-Milliwatt (dBm), Volt per meter (v/m), and Milliwatt
per square meter (mW/m?). 3 Coloured LED lights, Red, Yellow, and Green, were

displayed on the right side of the LCD screen for quick radiation signalling indication.

e Red color LED light indicates caution
e The yellow color LED light indicates the safe zone

e Green color LED light indicates low frequency.

The digital display shows a histogram that records recent 30 signal level readings and is
shown as a moving graph on the digital display. In addition, maximum, Average, and
Minimum measurements of electromagnetic radiation data recorded earlier will be shown

in a graphical representation on a digital display (Radiofrequency decibel meter. 2016).
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Forced-swim stress Radiation stress Electrosmog meter

Fig 3.2. Pictorial representation of different conditions. Home cage (A), Restraint
stress (B), High-intensity noise stress (C), Forced-swim stress (D), Radiation stress (E),

and the working of Electro smog meter (F).

Fig 3.2. Supplementation of Vitamin E through oral gavage bent needle

3.3. Assessment of body weight and feeding behavior

The body weight of the rats was measured every 10 days using an electronic balance.

Food was weighed in the beginning and compared at the end. All rats were housed
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separately for this experiment. RO water and food pellets were introduced to each cage

(Hacioglu et al., 2016).

3.4. Blood and brain isolation

After 50 days of stress application, blood samples from all the rats were collected through
retro orbital puncture under the deep anaesthesia with ketamine (50-80 mg/kg) &
xylazine (5-10 mg/kg) (Care, 2003). The blood samples (2 mL from each rat) were
allowed to coagulate for 30 minutes. The serum samples were collected by centrifugation
of blood at 3000 rpm for 20 minutes at room temperature. Care was taken to avoid the
haemolysis of the blood samples. The obtained serum was stored at -20 °C until further
analysis. Whereas the brain was harvested and fixed for the immunostaining of GFAP

positive cells.

3.5. Biochemical analysis

3.5.1. Serum Corticosterone Assay

Serum Corticosterone was measured to know whether the animal was stressed or not. To
measure serum corticosterone levels, 2 ml of blood was collected immediately after the
stress, and serum was separated by centrifugation and stored. It was measured by using

an ELISA Kkit.

Step 1: Prepare all reagents, working standards, Blank and samples as directed in the
previous sections. Step 2: Refer to the Assay Layout Sheet to determine the number of
wells to be used and put any remaining wells and the desiccant back into the pouch and

seal the Ziploc, store unused wells at 4°C Step 3 : Pipette standard 50pul to testing

standard well, Pipette Sample diluent 40ul to testing sample well, then add testing
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sample 10ul (sample final dilution is 5-fold), Pipette sample to wells, don’t touch the well
wall as far as possible, and mix gently. Step 4: Incubate: Cover with the adhesive strip
provided, incubate for 30 min at 37°C. Step 5: Configurate liquid: Dilute wash solution
30-fold with distilled water. Step 6: Washing: Uncover the adhesive strip, discard liquid,
pipette washing buffer to every well, still for 30s then drain, repeat 5 times. Step 7: Add
enzyme: Pipette HRP-Conjugate reagent 50ul to each well, except blank well. Step 8:
Incubate: Operation with 4 Step 9: Washing: Operation with 6. Step10: Color: Pipette
Chromogen Solution A 50ul and Chromogen Solution B 50ul to each well, avoid the light
preservation for 15 min at 37°C. Step 11: Stop the reaction: Pipette Stop Solution 50ul to
each well, stop the reaction (the blue change to yellow). Step 12: Calculate: take blank

well as zero. Read absorbance at 450nm after pipette Stop Solution within 15min.
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Absorbance at 450 nm

Fig 3.3. Estimation of Serum corticosterone

3.5.2. Estimation of lipid peroxidation by serum MDA levels

The lipid peroxidation was estimated by the (Mahfouz et al., 1986) method. Lipids in the
cell membrane are highly susceptible to peroxidative damage, which breaks down into a
number of units to form malondialdehyde (MDA). This MDA reacts with TBA to form

thiobarbituric acid reactive substances (TBARS), which have a pink color with absorption
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maxima at 530 nm. Briefly, 500 pl of plasma sample was pipetted into labelled, clean 15
ml screw-cap glass tubes. To the tubes, 500ul of 40% TCA and 1 ml of 0.67% TBA were
added and mixed gently. The tubes were closed with the caps and kept in a boiling water
bath for 10 minutes. The tubes were removed from the boiling water bath and left at room
temperature for 2 minutes. The tubes were then placed in an ice-cold water bath for 5
minutes, added 1 ml of double distilled water to all the tubes, and centrifuged at 2500 rpm
for 15 minutes at room temperature. The supernatant was removed, and optical density
was measured at 530 nm using a double beam spectrophotometer (Hitachi). The OD
values were plotted against the concentration of the standards to obtain a standard graph.
The concentrations of the samples were calculated using the OD of the standard of known

concentration. Values were expressed as pmol/I.
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Fig 3.4. Estimation of Serum MDA levels

3.5.3. Estimation of serum NSE levels

The serum NSE levels were measured using commercially available ELISA kits (Cat:
BC-ER140914; Biocodon technologies, USA) by following the user instructions. Briefly,

the reagents, buffers, and samples were thawed to room temperature. 40 pL of undiluted
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samples, 10 pL of respective antibodies, and 50 pL of streptavidin-horseradish peroxidase
were added to the respective monoclonal antibody-coated microplate wells and incubated
at 37 °C for one hour. After incubation, the solution was discarded completely, and wells
were washed with a 1X washing buffer solution five times. To the wells, 50 pL of
chromogen reagent A and 50l of chromogen reagent B were added and incubated for 10
minutes to develop yellow color. The reaction was stopped by adding 50 pL of stop

solution. The optical density of the yellow color was measured at 450 nm using an ELISA

reader (Rayto, RT-6100 microplate reader).

Fig 3.4. Estimation of Serum NSE levels

3.6. Immunohistology examination

As per protocol, at the end of the study, animals were sacrificed after an overdose of
ketamine. The whole-brain of the animal was removed quickly and fixed with 10%
neutral buffered formalin (Famitafreshi et al., 2016). Then the brain tissue was processed

by using automated tissue processing units. The stained sections of the hippocampus were
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examined under a light microscope for the viable neurons. With immunohistochemistry,

the expression of GFAP was estimated in the CA3 region of the rat hippocampus.

3.6.1. Procedure for doing GFAP:

The brain samples were collected in 4% paraformaldehyde—) Brain sections - 40 um
Floating brain sections for immunohistochemistry of CNPase+ve oligodendrocytes
Antigen retrieval: sodium citrate buffer with pH-6 - 20 minutes at 90°C =) Peroxidase
block- hydrogen peroxidase = Anti GFAP antibodies(Diagnostic bio system) : 1:1000

Secondary antibodies =  Avidin Biotin complex = Added tetrahydrochloride for 2

minutes.(Subhadeep et al.,2021)

Fig 3.6. Storage of brain sample for estimation of GFAP

3.6.2. Cell counting and image analysis

The micrographs of hippocampal sections were captured by a digital microscope (Leica
Microsystems, Wetzlar, Germany). GFAP immunostaining was semi quantified. Briefly,
GFAP immunopositive cells in the hippocampus of the CA3 region were recorded. Only
cells with complete processes and clear nuclei were counted and expressed as the number
of cells per mm?. The area of each GFAP immunopositive cell with a complete cellular

profile was also measured using an Image-Pro Plus 6.0 Analysis System (Media
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Cybernetics Inc., San Francisco, CA, USA). The percentage of neuronal apoptosis was
expressed. Three sections per rat, and six rats per group, were averaged to provide a mean

value for each group.

3.6.3. Quantification of Glial cells

Glial cells Stained hippocampus was captured at 40X using a digital microscope (Zeiss

microscope with ZEN software, Germany)

The number of Glial cells present in CA3 region was counted using Image J software

Fig 3.7. Quantification of Glial cells through microscope
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3.7. Statistical Analysis

The GraphPad Prism 8.0.3 software was used to analyze the data. All the data represented
here is mean = SEM of n=6. Two-way ANOVA, followed by Dunnet post-hoc test, was
applied to analyze the time point data (body weight and feeding behavior). One-way
ANOVA, followed by Dunnet post-hoc test, was applied for the analysis of the remaining
parameters (NSE,MDA,serum corticosterone and GFAP). A p-value of less than 0.05 was
considered significant. Significance labels: ‘a’ denotes the significance vs Control group;
‘b’ denotes the significant difference between Stress and RF-EMR group; “$’ denotes the
significant difference between Stress and Stress + Vitamin E group; * denotes the

significant difference between RF-EMR and RF-EMR + Vitamin E group.
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4. RESULTS

4.1. Effect of stress, RF-EMR, and Vitamin E supplementation on feeding behavior

The feed intake of animals in control and vehicle was observed to be optimal throughout
the study period. However, a significant reduction in feed intake was observed in Stress
group starting from Day 1 to the end of the study as compared to the control. Whereas the
concurrent treatment with Vitamin E significantly improved the feed intake and feeding
behavior of the Stress group rats from day 12, though it did not reach the level of controls.
On the other hand, no significant difference was recorded in terms of feed intake of RF-

EMR as well as RF-EMR+Vitamin E group rats as compared to the control rats (Fig 4.1).

35=
T
g -= Control
g -+ Stress
3 ~+ RF-EMR
% —— Stress+VitE
é —— RF-EMR+VitE
2 -e- Vehicle control
(3]
LL

Fig 4.1. Time-dependent effect of stressors, RF-EMR and Vitamin E supplementation
on the feeding behavior. All the data represented here is mean + SEM of n=6. A p-value
of less than 0.05 was considered significant. Significance labels: ‘a’ denotes the
comparison with Control group; ‘b’ denotes the significant difference between Stress
and RF-EMR; ‘8’ denotes the significant difference between Stress and Stress +
Vitamin E; * denotes the significant difference between RF-EMR and RF-EMR +

Vitamin E.
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4.2. Effect of stress, RF-EMR, and Vitamin E supplementation on the body weight

The rats of control and vehicle groups showed a steady and positive weight gain
throughout the study. Whereas a significant difference was noted in the body weights of
the Stress rats as compared to the control. A significant reduction in the body weight of
the Stress animals was observed from Day 30 and continued till the end of the study. An
Overall reduction of 20% reduction in body weight was observed. Although the RF-EMR
animals did not lose weight, they showed a marginal reduction in the body weight gain
as compared to control rats. On the other hand in groups when supplemented with Vitamin
E, the animals of Stress+Vitamin E showed a comparable and significant increase in body
weight compared to stress group. While the animals of RF-EMR+Vitamin E showed a

comparable body weight gain to that of the control group (Fig 4.2).
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Fig 4.2. Effect of stressors, RF-EMR and Vitamin E supplementation on the body
weight. All the data represented here is mean + SEM of n=6. A p-value of less than 0.05
was considered significant. Significance labels: ‘a’ denotes the comparison vs Control
group; ‘b’ denotes the significant difference between Stress and RF-EMR; ‘8’ denotes
the significant difference between Stress and Stress + Vitamin E; * denotes the

significant difference between RF-EMR and RF-EMR + Vitamin E.
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4.3. Effect of stress, RF-EMR, and Vitamin E supplementation on serum

corticosterone

As compared to the control rats, chronic application of variable stressors and RF-EMR
have led to a significant elevation in serum corticosterone levels of Stress and RF-EMR
groups, respectively. On the other hand, the Vitamin E co-treatment substantially reversed
the elevation in serum corticosterone levels in animals exposed to variable stressors and
RF-EMR. However, no significant difference was observed in the rats of vehicle group

compared to the control (Fig 4.3).
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Fig 4.3. Effect of stressors, RF-EMR, and Vitamin E supplementation on serum
corticosterone levels. All the data represented here is mean = SEM of n=6. A p-value
of less than 0.05 was considered significant. Significance labels: ‘a’ denotes the
comparison with Control group; ‘b’ denotes the significant difference between Stress
and RF-EMR; ‘8’ denotes the significant difference between Stress and Stress +
Vitamin E; * denotes the significant difference between RF-EMR and RF-EMR +

Vitamin E.
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4.4. Effect of stress, RF-EMR, and Vitamin E supplementation on MDA levels

Chronic exposure to different stressors and RF-EMR have led to a significant elevation
in serum MDA levels in Stress and RF-EMR groups as compared to the control rats.
However, the Stress group exhibited significantly higher levels of serum MDA levels
when compared the RF-EMR rats. Whereas, a 50-day Vitamin E co-treatment
significantly prevented the elevation of serum MDA levels in animals exposed to Stress
and RF-EMR, which were almost similar to that of control rats. However, no significant

change was observed in the rats of vehicle group compared to the control (Fig 4.4).
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Fig 4.4. Effect of stressors, RF-EMR and Vitamin E supplementation on serum MDA
levels. All the data represented here is mean £ SEM of n=6. A p-value of less than 0.05
was considered significant. Significance labels: ‘a’ denotes the comparison with
Control group; ‘b’ denotes the significant difference between Stress and RF-EMR; $’
denotes the significant difference between Stress and Stress + Vitamin E; * denotes the

significant difference between RF-EMR and RF-EMR + Vitamin E.
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4.5. Effect of stress, RF-EMR, and Vitamin E supplementation on NSE levels

NSE is usually considered as an indicator of brain injury. Long-term exposure to different
stressors and RF-EMR has led to a significant escalation in serum NSE levels in Stress
and RF-EMR groups compared to the control rats. But the Stress displayed significantly
higher serum NSE levels than the RF-EMR rats. While, a 50-day Vitamin E
supplementation significantly lowered the elevated serum NSE levels in animals exposed
to Stress and RF-EMR, which were comparable to that of control rats. Nevertheless, no
significant change was observed in the rats in the vehicle control group compared to the

normal control (Fig 4.5).
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Fig 4.5. Effect of stressors, RF-EMR, and Vitamin E supplementation on the NSE
levels. The data represented here is a mean £ SEM of n=6. A p-value of less than 0.05
was considered significant. Significance labels: ‘a’ denotes the comparision with
Control group; ‘b’ denotes the significant difference between Stress and RF-EMR; ‘$’
denotes the significant difference between Stress and Stress + Vitamin E; * denotes the

significant difference between RF-EMR and RF-EMR + Vitamin E.
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4.6. Effect of stress, RF-EMR, and Vitamin E supplementation on GFAP levels

Immunostaining of GFAP has revealed that there was a significant elevation in
hippocampal GFAP levels in Stress group as compared to the control and RF-EMR
groups. Whereas, following a 50-day Vitamin E co-treatment, significantly lower levels
of GFAP were observed in the animals of Stress + Vitamin E group. On the other hand,
no significant difference in the GFAP levels was noted in vehicle , RF-EMR and RF-

EMR + Vitamin E rats as compared to the control. (Fig 4.6 A & B).
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Fig 4.6. Effect of stressors, RF-EMR, and Vitamin E supplementation on the GFAP
levels. Microphotographs of immunostained GFAP positive glial cells (A) and
quantification of the GFAP glial cell density (B). The photomicrographs of brain
sections were obtained at 40X magnification. All the data represented here is mean +
SEM of n=6. A p-value of less than 0.05 was considered significant. Significance
labels: ‘a’ denotes the comparision with Control group; ‘b’ denotes the significant
difference between Stress and RF-EMR; ‘$’ denotes the significant difference between
Stress and Stress + Vitamin E; * denotes the significant difference between RF-EMR

and RF-EMR + Vitamin E.
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Microscopic anatomy (Cellular Architecture) of Hippocampal CAS3

Neurons

Histological sections of haematoxylin and eosin (H&E) stained hippocampal

CAS3 pyramidal neurons

Fig 4.8 Control group H & E stained Hippocampal CA3 pyramidal normal neurons

(Arrow) in high power (40X).
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Fig 4.9 Image showing the hippocampus in GFAP stain under 10X low power (positive

stain taken by glial cells)

Glial cells

Fig 4.10: Stain taken by Glial cells under high power in CA3 region (40x lens)
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5. DISCUSSION

Stress is a major factor in the modern world that affects the quality of life and human
health and productivity. A number of studies have reported a significant association
between psychological stressors and poor physical and mental health. The long-term
activation of the stress response system and the overexposure to cortisol and other stress
hormones that follow can disrupt almost all your body's processes. This increases the risk
of mental problems including anxiety, depression, learning, memory, feeding behavior,
etc. Long-term stress impairs function and accelerates cell senescence by altering
numerous physiological systems, including the body's immune defense, and
inflammatory and metabolic pathways. Stress often affects eating behavior, increasing
caloric intake in some individuals and decreasing it in others. The determinants of feeding
responses to stress are unknown. Feeding behavior which is a complex behavior in our
day-to-day lives regulated by many mechanisms. But the exact regulatory mechanisms
are not well understood. One of which is found in recent studies is the hypothalamus
because it is the center for controlling feeding behavior. Some studies also shows that
hippocampus has also role in feeding behavior because where to eat, what to eat and how
much to eat that decision was made by hippocampus (Stevenson RJ et al., 2017).

In addition to the daily life stress, mobile usage was drastically increased in the past two
decades. The majority of contemporary lifestyle disorders like short-term memory loss,
loss of focus, stress, exhaustion, sleep deprivation, and weakened immunity are believed
to be caused by electromagnetic radiation, according to field studies. Whether mobile
phone emitted radiation alters feeding behavior has not been studied. Understanding the
biochemical or molecular level changes after both chronic stress and mobile radiation-
induced damage might help in better management of individuals suffering from stress or

mobile radiation-induced damage/abnormalities. Studies also showed that vitamin-E
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supplementation might restore the stress-induced abnormalities, however, there was no
literature available on the ameliorative effect of vitamin E on chronic stress or mobile
radiation feeding behavior changes. Therefore, our current study investigated to know the
effect of vitamin E supplementation on multiple stressors & RF-EMR emitted from
mobile phone-induced changes in the feeding behavior as well as oxidative damage and

stress response markers in the rodents.

In our study, the feed intake of animals in control and vehicle was observed to be optimal
throughout the study period. We have investigated the effect of 50 days of CUS on
feeding behavior and body weight. We noticed a significant reduction in feed intake of
rats subjected to different stressors for 50 days compared to controls. There was a
significant reduction in body weight in rats in the stress group compared to the control.
Feeding behavior is directly linked to the regulation of body weight and reduction, which
might have led to the decreased body weight of stressed rats. The findings of our study
are in agreement with a report by James A. Carr et al., where it was demonstrated that
stress inhibits feeding behavior in all vertebrates. Restraint stress has been shown to
reduce body weight due to decreased food intake (Sominsky & Spencer et al 2014). A
study by cristina et al (2016) demonstrated that acute stress causes weight loss and chronic
stressors promote the activation of the pro-obesogenic mechanisms that favour the
accumulation of central or visceral fat. Favreau-Peigne et al. also demonstrated that
chronic stress altered animal welfare and decreased body weight (Favreau-Peigné, A et
al., 2014). The findings of our study are also in agreement with other studies done by Yue
Lietal 2021, Jing tang et al., 2019 and Ching han et al., 2021, in that they mentioned that

stress leads to decreased feeding behavior.
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The current findings contradict with Some studies which were done on animals and
human subjects, shows that exposure to stress leads to an increase in food intake and
weight gain subjective to supplementing comfort foods, a palatable diet which was rich
in fat and sugar, and more snacking (Hamidreza Famitafreshi et al., 2016). Increased
stress may be capable of modifying eating behavior and moderate to chronic stress like
restraint does not alter normal food consumption, but leads to changes in specific
appetites, by greater sweet food ingestion. Stress causes elevated glucocorticoid levels
leading to stimulation of feeding behavior and excessive weight gain (Yvonne H et al.,
2013). Also, administration of glucocorticoids increases food intake. Adrenalectomy
reduces food intake, while subsequent corticosterone replacement normalizes it (Yvonne
H et al.,, 2013). Stress leads to Activation of HPA Axis and lead to increased
glucocorticoids by activating dopamine system which inturn stimulates stress avoidance
and pleasure seeking behavior-causing intake of palatable foods by negative feedback
mechanism. These alterations were probably due to a higher level of anxiety (Juruena
MF et al., 2020).

Stress in rats can cause increased food intake in rare cases but mostly decreases food
intake. The severity of the stress is also crucial. A decrease in food intake is linked to
severe stress. Moderate and mild stressors also lead to a decrease in food intake but
increase the ingestion of highly palatable food. According to the intensity and type of
stressors, the effect was either a decrease or increase in food intake in rats exposed to
different types of stressors, especially when offered a calorically dense diet. The last
situation reproduces the modern society with numerous stressors, especially social
stressors, and exposure to energy-dense, highly palatable food. Most studies highlight that
stress reduces food intake in rodents unless palatable food is given during the stress period

(Francois M et al., 2022).
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Fig 5.1: Schematic representation showing the effects of a stressor on an individual

Some studies shows that stress is known to cause oxidative damage. Stress responses can
vary in the degree of activation of the HPA axis, and may stimulate either orexigenic
(NPY, AgRP), or anorexigenic (POMC, melanocortin) pathways, in addition to changes
in leptin and insulin, thus inhibiting feeding behavior. Studies shows that In terms of
appetite regulation, CRH is released from the medial parvocellular (mp) paraventricular
nucleus of the hypothalamus (PVN) in response to the stressor (Jooyeon j et al., 2013). In
addition to response to the stressor adrenocorticotrophine will be released from pituitary
and a sequence of events occur to release glucocorticoids. CRH is also released into the
arcuate nucleus of the hypothalamus (ARC) to inhibit neuropeptide Y (NPY)/agouti-
related peptide (AGRP) neurons there. This is normally responsible for inhibiting feeding
behavior thus CRH released after stress inhibits appetite (Ozguner F.et al., 2005). Other
molecules from the CRH family, such as urocortins, also play a role in appetite
suppression. Some studies showed that CRH-deficient mice could have normal stress
induced suppression of food intake, implicating other CRH- like molecules. Some studies
also showed both CRH and urocortins suppress food intake particularly urocortin 1. It is

likely urocortins 1, 2, and 3 influence appetite suppression by acting on the CRHR2
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receptor in the hypothalamus. Centrally administrated urocortins are also able to suppress
ghrelin secretion, potentially preventing ghrelin-induced stimulation of appetite. On the
other hand, peripherally administered urocortins act at CRHR2 receptors in the gut to
stimulate an increase in circulating ghrelin. In addition to acting on the NPY neurons of
the ARC,CRH induced appetite suppression also involves other regions of the
hypothalamus like the PVN, supra optic nucleus, perifornical and ventromedial
hypothalamus as well as brain regions like lateral septum, para brachial nucleus, and the
dorsal portion of the anterior bed nucleus of the stria terminalis(BNST). Thus they
demonstrated that CRH injected directly into the dorsal anterior BNST (but not the ventral
part or other brain regions such as the central amygdala) significantly reduces food intake
(Sominsky L et al., 2014). Further, we also investigated the impact of RF-EMR on food
intake and body weight, we observed that food intake weight was reduced in in the RF-
EMR group compared to the control, however, it was not statistically significant. Further
studies are required to provide conclusive evidence on the impact of RF-EMR on feeding

behavior.

The stress of exogenous origins was reported to elevate the corticosterone levels in
various organisms (Jeong et al., 2013). In our study, As compare to the normal rats,
chronic application of variable stressors and RF-EMR have led to a significant elevation
in serum corticosterone levels of Stress and RF-EMR groups, respectively. Stella J et al.,
2013 found that increased serum corticosterone in cats exposed to multiple unpredictable
stressors for a period of 5 days. The present study findings were also supported by Linz
Retal., 2019, Cvitanovi¢ Het al 2020. In response to the stressor, adrenocorticotrophin
is released from the pituitary, and a sequence of events is triggered to release the
glucocorticoids. Studies have observed that glucocorticoid levels were increased when

rats were subjected to a forced swim test until complete exhaustion (Linz R et al., 2019).
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They concluded that stress in optimum quantum acted as a stimulator to achieve the best,
but when it exceeded, it caused an imbalance in biochemical parameters as well as led to
suppression in physical endurance (Linz R et al., 2019). Furthermore, we also noticed a
significant increase in the serum corticosterone levels of RF-EMR exposed rats compared
to the control but not as much as in the stress group. Corticosterone, a typical
glucocorticoid, is produced in the Zona fasiculata of the adrenal cortex and is required to
maintain blood glucose levels and prevent shock during times of stress. (Pamela et al.
2005) found that corticosterone regulates its own secretion via a negative feedback effect
on the hypothalamic-pituitary axis. The temperature has been demonstrated to play a
crucial role in the regulation of endocrine hormone release (Squires et al.,2003).
Microwaves, particularly RF-EMR from mobile phones, can cause warmth and energy to
be produced in living tissues (Hirata et al., 2002). The duration of RF-EMR exposure, on
the other hand, is a significant influence. In a study, it was demonstrated that RF-EMR
emitted from a mobile phone might produce impairments in some biochemical changes
and oxidative stress in the brain, liver, and renal tissues of albino rats. It had a more
potential brain risk due to a marked increase in the percentage level of oxidant states in
the brain more than in the liver and the kidney (Merhan Mamdouh Ragy et al 2014). Our

findings align with previous reports done by Maluin SM et al., 2021. Kim HS., et al 2021,

Alkayyali T et al., 2021. The findings of the present study contradict a prior study that
RF-EMR had no effect on corticosterone levels in male rabbits (Sarookhani et al.,
2011). Dgeridane et al. (2008) found that a 900-MHz EMR (2 hours per day, 5 days per
week, for 4 weeks) did not generate any significant changes in blood cortisol levels in
men. We also found that the application of various physical stressors might cause
profound physiological changes as compared to the RF-EMR group because Stress group

displayed significantly higher serum corticosterone levels than the RF-EMR rats.
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However, no significant difference was observed in the rats of vehicle group compared

to the controls.

Various preclinical and clinical studies have explicitly linked stressful events to the
increased oxygen free radicals and oxidative stress in various organs. MDA is one of the
most often detected by-product formed during LPO of the phospholipid cell membrane,
and it was reported to increase during stress conditions (Villacorta et al., 2003). Due to
the damage of cell membrane by reactive oxygen species, Phospholipase A2 enzyme
releases arachidonic acid from membrane phospholipids. In subsequent reactions, this
yields the formation of MDA (Bhutia Y et al., 2011). Oxidative stress is a well-
established cause of many chronic disorders (Khansari N et al.,, 2009). The
etiopathogenesis of various chronic diseases has been linked to oxidative stress, which
also plays a key role in the aging process (Tsikas D et al 2017). In the current study, we
found that applying various stressors and RF-EMR to rats led to increased MDA levels
due to increased lipid peroxidation due to possible elevation of reactive oxygen species.
Our study findings were in agreement with Selvakumar et al.,2012, Bhale DV et al.,2014,
Dahake HS et al.,2016, (studies that were done on human subjects) and Chamioto LP et
.,2013, Karanth J et.,2004, Mossa ATH et al.,2014 (studies which were done on animals).
Human subjects with oxidative stress show that free radicals of oxygen are extremely
reactive and attack almost every cell component, causing damage to the surrounding
tissues. The most damaging effect of oxidative stress is lipid peroxidation, which has been
implicated in the pathogenesis of a variety of diseases such as atherosclerosis, diabetes,
cancer, and ageing. The oxidative deterioration of PUFA is caused by a chain reaction
initiated by hydrogen abstraction or addition by oxygen radicals. Because of its sensitivity
and ease of use, the MDA assay of serum is the most commonly used method in clinical

practise, despite the fact that several substances interfere with this assay. This study found
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an increased concentration of MDA in obese subjects, indicating in vivo oxidative
damage to lipids. On the other hand, Maneesh et al. also found significantly increased
MDA levels in testis and epididymis of RF-EMR exposed male rats and concluded that
mobile RF-EMR induces oxidative stress (Mailankot et al., 2009). Exposure to
electromagnetic waves causes the production of free radicals, their attachment to
macromolecules like lipids, and an increase in lipid peroxidation indicators like MDA.
This study was also supported by the work done by Frank Giblin et al. where guinea pigs
exposed to RF-EMR radiations for 10 days, led to increased MDA levels. (Giblin F et al.
2019). Moustafa et al., 2001 showed that the plasma level of lipid peroxide in healthy
adult male volunteers was significantly increased after 1, 2 and 4 h of exposure to
radiofrequency fields of the cellular phone in standby position. They indicated that acute
exposure to radiofrequency fields of commercially available cellular phones may
modulate the oxidative stress of free radicals by enhancing lipid peroxidation and
reducing the activation of SOD. A study done on rat liver by using antenna radiations
suggested that, elevated MDA could be due to cytochrome P450-mediated metabolism of
the organic hydroperoxide to active alkoxyl radicals that initiated LPO and led to liver
damage (Martignoni M et al., 2006). In line with the reported studies, our results also
showed that multiple stressors and RF-EMR increases both corticosterone and lipid
peroxidation levels in the blood. We also observed that the serum corticosterone levels
and lipid peroxidation levels were profoundly increased in the stress group compared to
the RF-EMR group, which reflects that multiple stressors are more adversely effects at

the cellular level than the mobile radiation.

NSE is also a significant biomarker of oxidative stress and neuronal damage. It is found

in the cytoplasm and dendrites of the neurons. Although its levels are low in peripheral
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blood, it can be used as a sensitive indicator as it levels increases in serum during injury
and damage (Hacioglu et al., 2016). In our study we have investigated the impact of 50
days of chronic multiple stressors and RF-EMR on the serum NSE levels. We observed
that there was a significant increase in serum NSE levels in rats exposed to stressors and
RF-EMR compared to controls. Frank Martin S et al., 2014 demonstrated that increased
NSE levels in the MDD subjects compared to the healthy human controls. We also found
that stress group displayed significantly higher serum NSE levels than the RF-EMR group
rats. A study done by Gulay et al. also proved that using an electromagnetic field (EMF)
exposure system (2 hr./day) for 90 days significantly increases the NSE levels compared
to the controls (Gulay et al.,2016 Ozguner et al., 2005). Due to neuronal damage, there
might be a breach of the blood-brain barrier, leading to elevated NSE levels in the brain
that could have entered into the blood and causes the elevation of NSE levels (Daniels et
al., 2009; Janior et al., 2014). The increased NSE levels might be resulted from neuronal
damage, neuronal death, synapse loss, and axonal myelin damage (Schmidt et al., 2015).
In association with the increased NSE levels in our study we were also measured the CA3
region of hippocampal GFAP levels after chronic multiple stressors and RF-EMR.
Several studies have shown that GFAP is involved in various physiological functions of
astrocyte such as maintaining the BBB, synaptic plasticity, cell proliferation and
regulating the transport of vesicles and lysosomes in astrocytes (Garcia et al., 2004).
Several studies reported that GFAP is good reliable biomarker for the stress (Cho YE et
al., 2017). We observed that GFAP levels were significantly increased in multiple
stressors in the hippocampus. A recent study showed that CUS mice for 5 weeks
significantly increased the GFAP+ cells in CA3 regions of hippocampus. Six weeks of
CUS followed by another 6 weeks of social isolation-induced an increase in the number

of GFAP+ cells in the dentate gyrus (Preez et al., 2021). Moreover, Michel et al., 2021
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found that the level of GFAP was significantly higher in patients with unipolar depression
than in mentally healthy controls with idiopathic intracranial hypertension. Hence,
increase of GFAP may be responsible for stress-induced depression behavior. In the CNS,
GFAP expression is commonly used to identify differentiated multipolar astrocytes in
vivo and in vitro (Garcia et al., 2004), it has been well demonstrated that astrocytes exert
rapid modulation of neuronal activity, whereas progenitor cells do not. Activated
microglia releases large amounts of proinflammatory signaling molecules, such as
interleukins, metalloproteinases and reactive oxygen species; all stimuli promoted by
reactive microglia lead to a process of reactive astrogliosis (Liberto et al. 2004). In line
with the reported studies the 50 days of CUS increases the GFAP levels in the
hippocampus. In our study we also observed that GFAP levels in the hippocampus were
positively correlated with serum MDA levels in the chronic multiple stressor group.
Various studies have reported a positive correlation between increased oxidative stress
and GFAP levels (Mutani et al., 2006). In our study the GFAP levels were not
significantly changes in the RF-EMR group compared to the control group rats. We also
observed that GFAP levels were significantly increased in the multiple stressor groups
compared to the RF-EMR group. Which indicating that 50 days of RF-EMR induced
changes were less significant compared to the 50 days of chronic multiple stressors

induced alterations.

Overall, the study results showed that rats subjected to chronic multiple stressors led to
the decrease of feeding behavior as well as reduced the body weight compared to the
control group. The decreased feeding behavior and body weight was associated with the
increased serum corticosterone, MDA, and NSE as well as increased the CA3 region
GFAP expression levels. Even though the feeding behavior, body weight was

significantly not decreased, MDA, NSE and corticosterone levels were significantly
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increased after 50 days of RF-EMR exposure. Further, chronic multiple stressor is
profoundly influence the behavioral, biochemical, and cellular levels compared to the

mobile phone emitted radiation.

Vitamin E is a potent antioxidant, reduces lipid peroxidation, scavenging peroxyl and is
well-known for its beneficial effects in animal models of various diseases (Kayalvizhi et
al., 2012). A well-known antioxidant, vitamin E is a necessary nutrient for humans.
Vitamin E decreases the reactive oxygen species activity and free radical production.
Vitamin E, like other antioxidants, protects brain functioning from the number of
disorders, including mental stress, diabetes, cerebral ischemia injury, Alzheimer's
disease, stroke, and ageing (Mohammed et al., 2021). The research revealed a connection
between the state of one's cognition and endogenous plasma vitamin E content. In the
current study, Vitamin E supplementation significantly improved the feed intake and
prevented the decrease in the body weight of the rats in the Stress + Vitamin E group. It
also significantly decreased the stress-induced serum corticosterone, MDA, NSE levels
in Stress+Vitamin E and RF-EMR+Vitamin E group animals compared to the Stress and
RF-EMR groups. Furthermore, the brains of rats supplemented with Vitamin E showed
significantly lesser number of GFAP immunopositive neurons. Our study results align
with the studies done by Azman et al., 2001 Mohammed et al., 2021 Kayalvizhi et al.,
2012 & Fahami et al., 2005. A study by Jelodar and colleagues found that prolonged
exposure to 900 MHz mobile phone radiation (45 days, four hours per day) increased
MDA and decreased levels of antioxidant enzymes like GPX, CAT, and SOD, but that
supplementing with 200 mg/kg vitamin E during this time period increased antioxidant
enzyme levels and decreased MDA. In a nutshell, the protective effects of Vitamin E

against stress-related alterations can be linked to its compelling antioxidant potential. In
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a study it was demonstrated that VVitamin E supplementation is particularly beneficial for
stressed farm animals. Stress-induced corticosteroids may also be reduced by vitamin E.
(Tengerdy et al., 1989). Vitamin E supplementation to preserve the health of stressed
animals tended to minimize the increase in blood tissue damage indicators during road
travel. As a result, vitamin E administration may increase animal wellbeing during road
transportation (Moran et al., 2012). The effects of vitamin E treatment on transport stress
in sheep and goats have mostly been studied in terms of hematology, cortisol levels,

weight loss, and wellbeing indices.

Studies shows that Vitamin E is an antioxidant, anti-inflammatory, free radical scavenger
and has several benefits. Vitamin E in practice does not show any toxicity to humans
within a range of reasonable dosage, but some studies also shows that Vitamin E toxicity
occurs due to excessive vitamin supplementation, not due to diet alone. Vitamin E toxicity
leads to risk of bleeding, muscle weakness, fatigue, nausea, diarrhea, cancer risk, heart
problems, and an increased risk of bone fractures. The mainstay treatment for vitamin E
toxicity is stopping the exogenous vitamin supplementation. This is effective since
vitamin E toxicity does not occur unless there is an exogenous supplementation. So based
on literature search we suggest that instead of intake of exogenous vitamin
supplementation to avoid oxidative damage caused by day-to-day life stress and through

mobile radiations it’s better to modify lifestyle.

Vitamin E is a powerful antioxidant that inhibits propagation of free radical reactions and
prevents oxidative stress. Results of the current study revealed that Vitamin E normalized
the increased MDA, NSE, corticosterone and GFAP levels and improved feeding
behavior in the rats subjected to the RF-EMR and chronic multiple stress. In conclusion,

Vitamin E prevents the deleterious effect of multiple stress and RF-EMR altered feeding
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behavior and body weight; probably through normalization of the antioxidant defence

mechanisms.

Based on literature search and findings from our study we suggest that instead of intake
of exogenous vitamin supplementation to avoid oxidative damage caused by day to day
life and through mobile radiations it’s better to modify lifestyle by maintaining regular
sleep cycle, Exercise, well balanced diet, Meditation and yoga. We also advise
individuals not to use mobile phones for extended periods of time to avoid ill effects of
EMR. Withdrawing from EMR might undoubtedly overcome the harmful effects of EMR
exposure, bringing it closer to the normal state. Several experiments are still needed to
explain which frequencies, intensities, exposure times, and other factors are linked with
EMF, particularly when combined with environmental toxins, in order to protect oneself
from those damages. Vitamin E usage for a period of 50days can undoubtedly reverse

the changes but long term usage of Vitamin E has to be studied before recommending.
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6. CONCLUSION

Based on the findings of this study, we conclude that exposure to multiple stressors like
Restraint, High-intensity noise and swimming stress led to significant increase in serum
corticosterone, NSE, MDA and GFAP and altered feeding behavior, which resulted in
decreased food intake and reduced body weight in rats. Mobile RF-EMR significantly
increased serum corticosterone levels, NSE, and MDA levels. Altered feeding behavior
of rats exposed to RF-EMR was not statistically significant. Furthermore Concurrent
treatment with Vitamin E offered significant neuroprotection as observed in NSE, MDA,
Serum corticosterone and GFAP against various stress- induced alterations. Impact of
RF-EMR was less as compared to chronic unpredictable stress based on the changes
observed in NSE, MDA and GFAP. However, detailed studies with longer exposure and
increased sample size may help to unravel the molecular mechanisms to understand
various RF-EMR induced physiological and behavioural alterations. Therefore in vivo
regular supplementation with vitamin E shall decrease the impact of various RF-EMR

from gadgets used in recent days and physical stress faced every day.
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7. SUMMARY

» Exposure to stress is inevitable. Stress affects the brain both physiologically and
chemically. Depression and anxiety are extremely common during stress. Recent
days mobiles are also known to cause oxidative stress. Stress affects feeding
behavior.

» Fifty days of multiple stressors significantly reduced the feed intake and body
weight in the Stress group compared to the control group (p<0.05). A significant
reduction in feed intake was observed in stress group starting from Day 1 and
body weight from Day 30 and continued until the end of the study compared to
control. An Overall reduction of 20% in body weight was observed in stress.

» The feed intake in the 50 days of RF-EMR group was comparable with the control
(p>0.05). Although the body weight was reduced in the RF-EMR group but it was
not statistically significant compared to the control (p>0.05).

» The serum NSE, MDA and corticosterone levels were significantly increased in
the both chronic multiple stressors and RF-EMR grouped rats compared to the
control.

» The GFAP levels in the CA3 region of hippocampus was significantly higher in
the Stress group compared to the control group. The GFAP levels in the CA3
region were comparable between the RF-EMR and control group.

» The MDA, NSE and GFAP levels were significantly higher in the multiple
stressor group compared to the RF-EMR group. Which indicating that 50 days of
RF-EMR induced changes were less significant compared to the 50 days of

chronic multiple stressors induced alterations.
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» Concurrent treatment of 100mg/kg vitamin E supplementation for 50-days to the
multiple stressors and RF-EMR rats showed an improvement of feed intake and
body weight compared to the multiple stressor and RF-EMR group rats.

» Concurrent treatment of 100mg/kg vitamin E supplementation for 50-day to the
multiple stressors and RF-EMR rats normalised the increased NSE, MDA,
corticosterone levels observed in the multiple stressors and RF-EMR group rats.

» Concurrent treatment of 100mg/kg vitamin E supplementation for 50-days to the
multiple stressors normalised the increased GFAP levels observed in the multiple

stressor group rats.

8. RECOMMENDATION:

Based on literature search and findings from our study we suggest that instead of intake
of exogenous vitamin supplementation to avoid oxidative damage caused by day to day
life and through mobile radiations it’s better to modify lifestyle by maintaining regular
sleep cycle, Exercise, balanced diet, Meditation and yoga. We also advise individuals not
to use mobile phones for extended periods to avoid ill effects of EMR. Withdrawing from
EMR might undoubtedly overcome the harmful effects of EMR exposure, bringing it
closer to the normal state. Therefore, increased anti- oxidants intake may nullify the effect
of RF-EMR from gadgets and physical stress caused every day. Vitamin E usage for a
period of 50days can undoubtedly reverse the changes but long term usage of Vitamin E

has to be studied before recommending.
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9. FUTURE PROSPECTS

Results from our study indicate that the 1-hour RF-EMR exposure for 50 days showed an
insignificant decrease of feeding behavior compared to the control and Stress group
animals. Further studies with longer (>1 hour) RF-EMR exposure for longer periods (2-
3 months) might facilitate novel and deeper insights into the effects of RF-EMR on

feeding behavior and underlying mechanisms.

91



10. REFERENCES

Aalto S, Haarala C, Briick A, Sipila H, Hamaldinen H, Rinne J O (2006). Mobile phone
affects cerebral blood flow in humans. Journal of Cerebral Blood Flow and

Metabolism, 26(7), 885-890.

Adebayo, E.A., Adeeyo, A.O., Ogundiran, M.A. and Olabisi, O (2019). Bio-physical
effects of radiofrequency electromagnetic radiation (RF-EMR) on blood
parameters, spermatozoa, liver, kidney and heart of albino rats. Journal of King

Saud University- Science, 31(4), 813-821.

Afeefy AA, Tolba AMA, Afifi OK (2013). A Histological and immunohistochemical
study on the effect of mobile phone radiation on the hippocampus of adult and

newborn albino rats. Nat Sci, 11(8), 98-13.

Agnese Mariotti (2015). The effects of chronic stress on health, new insights into the

molecular mechanisms of brain—body communication. Future Sci OA, 1(3), FSO23

Ahmed, R. S., Suke, S. G., Seth, V., Jain, A., Bhattacharya, S. N., & Banerjee, B. D.
(2006). Impact of oral vitamin E supplementation on oxidative stress & lipid
peroxidation in patients with polymorphous light eruption. Indian Journal of

Medical Research, 123(6), 781.

Albanes D (1987). Caloric intake, body weight, and cancer, a review Nutr Cancer. 9(4),

199-217.

Aldad, T. S., Gan, G., Gao, X.-B., & Taylor, H. S. (2012). Foetal radiofrequency radiation
exposure from 800-1900 mhz-rated cellular telephones affects neurodevelopment

and behavior in mice. Scientific Reports, 2(1), 1-8.

93


https://pubmed.ncbi.nlm.nih.gov/?term=Albanes+D&cauthor_id=3299283

Alkayyali T, Ochuba O, Srivastava K, Sandhu JK, Joseph C (2021). An Exploration of
the Effects of Radiofrequency Radiation Emitted by Mobile Phones and Extremely
Low Frequency Radiation on Thyroid Hormones and Thyroid Gland

Histopathology. Cureus, Aug, 13(8), e17329.

Alshiek JA, Dayan L, Asleh R, Blum S, Levy AP, Jacob (2017). Anti-oxidative treatment
with vitamin E improves peripheral vascular function in patients with diabetes
mellitus and Haptoglobin 2-2 genotype, A double-blinded cross-over study

Diabetes Res Clin Pract, Sep, 131,200-207

American Institute of Stress Web site (2012) [Internet]. Yonkers (NY), The American

Institute of Stress, [cited July 2]. Available from, http,//www.stress.org.

American Institute of Stress Web site 2012 [Internet]. Yonkers (NY), The American

Institute of Stress, [cited July 2]. Available from, http,//www.stress.org.

American Psychological Association Website (2012) [Internet]. Washington (D.C.),
American Psychological Association, [cited June 27]. Available from,

http,//www.apa.org.

American Psychological Association Website (2012) [Internet]. Washington (D.C.),
American Psychological Association, [cited June 27]. Available from,

http,//www.apa.org.

American Psychological Association. Stress in America, Our Health at Risk. Washington
(D.C.) (2011). The American Psychological Association, 78 p. Available from,

www.stressinamerica.org.

94


http://www.stress.org/
http://www.stress.org/
http://www.apa.org/
http://www.apa.org/
http://www.stressinamerica.org/

American Psychological Association. Stress in America, Our Health at Risk. Washington
(D.C.) (2011), the American Psychological Association. 78 p. Available from,

www.stressinamerica.org.

Andersen P, Morris R, Amaral D, Bliss T, O“Keefe J (2007). The Hippocampus Book.

New York, Oxford University Press, Inc.

Andrews ZB, Abizaid A (2014). Neuroendocrine mechanisms that connect feeding

behavior and stress.Front Neurosci. 8, 312. 10.3389/fnins.00312

Arria AM, O Grady KE, Caldeira KM, Vincent KB, Wilcox HC, Wish ED (2009). Suicide
ideation among college students, a multivariate analysis. Arch Suicide Res. 13,230-

46.

Aruoma Ol (1998). Free radicals, oxidative stress, and antioxidants in human health and

disease. J Am QOil Chem Soc, 75(2), 199-212.

Atchley, D. (2011). The Time-Course of the Effects of Stress on Behavior in Rodents.

Psychology, 7(March).

Azman khalid IM. (2001). Vitamin E and body composition in rats. Med jour of Islamic

acad of sci, 14, 4, 125-38.

Bast T, Wilson LA, Witter MP, Morris RG (2009). From Rapid Place Learning to
behavioral Performance, A Key Role for the Intermediate Hippocampus PLoS Biol,

7(4), 1000089,

Berthoud HR (2004). Neural control of appetite, cross-talk between homeostatic and non-

homeostatic systems. Appetite, 43, 315 -317.

95


http://www.stressinamerica.org/

Bhale DV, Patil DS, Mahat RK(2014). Study of Malondialdehyde (MDA) As a Marker
of Oxidative Stress in Obese Male Individuals. International Journal of Recent

Trends in Science And Technology, 10(1),51-52.

Bhatia K. Impact of Electromagnetic Radiation (EMR) Produced by Mobile Phones and
Networks on Human Health and Eyes. International Journal of Electromagnetics

and Applications 2021, 11(1), 1-9.

Bhutia Y, Ghosh A, Sherpa ML, Pal R, Mohanta PK (2011). Serum malondialdehyde
level: Surrogate stress marker in the Sikkimese diabetics. J Nat Sci Biol Med. 2(1),

107-112.

Buniatian G, Traub P, Albinus M, Beckers G, Buchmann A, Gebhardt R, Osswald H
(1998). "The immunoreactivity of glial fibrillary acidic protein in mesangial cells
and podocytes of the glomeruli of rat kidney in vivo and in culture”. Biology of the

Cell. 90 (1): 53-61.

Bolte J B, Baliatsas C, Eikelboom T, Kamp IV (2015). Everyday exposure to power
frequency magnetic fields and associations with non-specific physical symptoms.

Environ Pollut Jan, 196, 224-9.

BP Jenal, N Panda, RC Patra, PK Mishra, NC Behural, B Panigrahi (2013).
Supplementation of Vitamin E and C Reduces Oxidative Stress in Broiler Breeder

Hens during summer. Food and Nutrition Sciences, 4, 33-37.

Care, V. (2003). CPCSEA guidelines for laboratory animal facility. Indian J Pharmacol,

35, 257-274.

Carpenter DO (2013). Human disease resulting from exposure to electromagnetic fields.

Rev Environ Health. 28(4), 159-72.

96


https://pubmed.ncbi.nlm.nih.gov/?term=Bhutia%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ghosh%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Sherpa%20ML%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Pal%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mohanta%20PK%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Bolte+JF&cauthor_id=25463717
https://pubmed.ncbi.nlm.nih.gov/?term=Baliatsas+C&cauthor_id=25463717
https://pubmed.ncbi.nlm.nih.gov/?term=Eikelboom+T&cauthor_id=25463717
https://pubmed.ncbi.nlm.nih.gov/?term=van+Kamp+I&cauthor_id=25463717

Carr JA (2002). Stress,neuropeptides,and feeding behavior,a comparative perspective.

Integr Comp Biol, 42(3), 582-90.

Carr, J A. (2002). Stress, neuropeptides, and feeding behavior, a comparative perspective.

Integrative and Comparative Biology, 42(3), 582-590

CCH Business Law Daily Web site (2012) [Internet]. Riverwoods (IL), CCH Business

Law Daily, [cited June 27]. Available from, http,//www.employmentlawdaily.com.

Chamioto LP, Moniczewski A, WydraK, Suder A, Filip M (2013). Oxidative Stress
Biomarkers in Some Rat Brain Structures and Peripheral Organs Underwent Cocaine.

Neurotox Res. 23(1): 92-102.

Cho Y-E, Lee M-H, Song B-J (2017) Neuronal Cell Death and Degeneration through
Increased Nitroxidative Stress and Tau Phosphorylation in HIV-1 Transgenic Rats.

PLoS ONE 12(1), e0169945. doi, 10.1371/journal. Pone, 0169945

Chow CK (2004). Biological functions and metabolic fate of vitamin E revisited. J

Biomed Sci. May-Jun, 11(3), 295-302.

Chrousos GP, Gold PW (1992). The concepts of stress and stress systems disorders.

JAMA, 267 (9), 1244-52.

Ciccocioppo R, Fedeli A ,Economidou D,Policani F.Weiss F, Massi M (2003). The bed
nucleus is a neuro anatomical substrate for the anorectic effect of corticotropin-
releasing factor and forits reversal by nociceptin/orphanin. J. Neurosci, 23, 9445—

51.

Cognitive impairment in rats after long-term exposure to GSM-900 mobile phone

radiation (2008). Bioelectromagnetics, 29(3),219-32.

97


http://www.employmentlawdaily.com/
https://pubmed.ncbi.nlm.nih.gov/?term=Pomierny-Chamio%C5%82o%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Moniczewski%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Wydra%20K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Suder%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Filip%20M%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3526736/

Cohen NJ, Poldrack RA, Eichenbaum H (1997). Memory for items and memory for

relations in the procedural/declarative memory framework. Memory. 5, 131-178.

Cristina R, Suzanne L (2016). Impact of stress on metabolism and energy balance.

Current opinion in behavioral science, 9, 71-7.

Currie P (2003). Integration of hypothalamic feeding and metabolic signals, focus on

neuropeptide Y. Appetite, 41, 335-37.

Cvitanovic H , Milosevic M, Besli¢ IB, Mihi¢ LL. (2020).Determination of
Psychological Stress, Serum Immune Parameters, and Cortisol Levels in Patients

With Human Papilloma Virus. Clin Ther May, 42(5), 783-799.

Dahake HS, Warade J , Kansara GS ,Pawade Y , Ghangle S(2016). Study of
malondialdehyde as an oxidative stress marker in schizophrenia. International

Journal of Research in Medical Sciences. Int J Res Med Sci,4(11),4730-34

Daniels WMU, Pitout IL, Afullo TJO, Mabandla MV (2009). The effect of
electromagnetic radiation in the mobile phone range on the behaviour of the rat.

Metab Brain Dis, 24(4), 29-41.

Davidoff MS, Middendorff R, Kéflincl E, Mdller D, Jezek D, Holstein AF (2002).
"Leydig cells of the human testis possess astrocyte and oligodendrocyte marker

molecules”. Acta Histochemica. 104 (1): 39-49.

de Diego-Otero, Y., Romero-Zerbo, Y., Bekay, R. el, Decara, J., Sanchez, L., Fonseca,
F. R., & Arco-Herrera, 1. del. (2009). a-tocopherol protects against oxidative stress
in the fragile X knockout mouse, an experimental therapeutic approach for the Fmrl

deficiency. Neuropsychopharmacology, 34(4), 1011-1026.

98



Derek Atchley (2011). The Time-Course of the Effects of Stress on Behavior in Rodents.

Eukaryon, Vol. 7.

Dhalla N S, Temsah R M, Netticadan T (2000). Role of oxidative stress in cardiovascular

diseases J Hypertens, Jun, 18(6), 655-73.

Dhir, A., Padi, S. S. v, Naidu, P. S., & Kulkarni, S. K. (2006). Protective effect of
naproxen (non-selective COX-inhibitor) or rofecoxib (selective COX-2 inhibitor)
on immobilization stress-induced behavioral and biochemical alterations in mice.

European Journal of Pharmacology, 535(1-3), 192-198.

Djordjevic J, Cvijic G, Davidovic V (2003). Different Activation of ACTH and
Corticosterone Release in Response to Various Stressors in Rats. Physiol.

Res, 52, 67-72.

Duvernoy H (1988). The Human Hippocampus, An Atlas of Applied Anatomy. Munich,

Germany, JF Bergman Verlag.

Edith Lubos, Joseph Loscalzo, Diane E. Handy (2011). Glutathione Peroxidase-1 in
Health and Disease, From Molecular Mechanisms to Therapeutic Opportunities

Antioxid Redox Signal, Oct 1, 15(7), 1957-1997.

Eichenbaum H, Cohen NJ (2014), Can we reconcile the declarative memory and spatial

navigation views on hippocampal function? Neuron, 83,764-770.

Elfowiris A, Banigesh A (2022). Evaluation of Antioxidant Therapeutic Value of ACE
Inhibitor as Adjunct Therapy on Type 2 Diabetes Mellitus Patients with

Cardiovascular Disease. ACS Pharmacol Transl Sci, 11, 5 (6),413-418.

99


https://pubmed.ncbi.nlm.nih.gov/?term=Dhalla+NS&cauthor_id=10872549
https://pubmed.ncbi.nlm.nih.gov/?term=Temsah+RM&cauthor_id=10872549
https://pubmed.ncbi.nlm.nih.gov/?term=Netticadan+T&cauthor_id=10872549

Ely, D. R., Dapper, V., Marasca, J., Correa, J. B., Gamaro, G. D., Xavier, M. H.,
Michalowski, M. B., Catelli, D., Rosat, R., & Ferreira, M. B. C. (1997). Effect of

restraint stress on feeding behavior of rats. Physiology & Behavior, 61(3), 395-398.

Erica MJ (2013). Stress relief, The Role of Exercise in Stress Management. ACSM’s

Health & Fitness Journal, 17 ( 3) , 14-19 (doi, 10.1249/FIT.0b013e31828ch1c9))

Fahami, ismail,Khalid (2005). Med jou of islamic world acad of sci 15, 2, 81-6.

Famitafreshi H, Karimian M, Attari, F. (2016). Assessment of improvement in feeding
behavior and co morbid psychiatric disorders in Morphine Addiction Period in

Socialized Male Rats. International Neuropsychiatric Disease Journal, 8(1), 1-16.

Favreau-Peigné, A, Calandreau L, Constantin P, Gaultier B, Bertin A, Arnould C et al
(2014). Emotionality modulates the effect of chronic stress on feeding behaviour in

birds. PLoS One, 9(2), e87249.

Feki M, Souissi M, Mebazaa A (2001).Vitamin E, structure, metabolism, and functions

Ann Med Interne (Paris), Oct,152(6),384-91.

Flohé RB, Traber MG (1999). Vitamin E, function and metabolism FASEB J Jul, 13(10),

1145-55.

Foster KR, Ziskin MC, Balzano Q, Babik G (2018). Modeling Tissue Heating From
Exposure to Radiofrequency Energy and Relevance of Tissue Heating to Exposure

Limits, Heating Factor Health Phys, Aug,115(2),295-307.

Fulu Bai, Sozen M, Lukiw W, Argyropoulos G (2005). Expression of AgRP, NPY,
POMC and CART in human fetal and adult hippocampus. Neuropeptides, 39(4),

439-43.

100


https://pubmed.ncbi.nlm.nih.gov/?term=Foster+KR&cauthor_id=29957690
https://pubmed.ncbi.nlm.nih.gov/?term=Ziskin+MC&cauthor_id=29957690
https://pubmed.ncbi.nlm.nih.gov/?term=Balzano+Q&cauthor_id=29957690
https://pubmed.ncbi.nlm.nih.gov/?term=Bit-Babik+G&cauthor_id=29957690

Garcia AD, Doan NB, Imura T, Bush TG, Sofroniew MV(2004).GFAP-expressing
progenitors are the principal source of constitutive neurogenesis in adult mouse

forebrain, Nature Neuroscience, 7,1233-41.

George SA ,Khan S, Briggs H,Abelson JL (2010).CRH-stimulated cortisol release and

food intake in healthy,non-obese adults. Psychoneuroendocrinology, 5, 607-612.

Giblin F, Leverenz VR, Padgaonkar V, Unakar N, Dang L, Lin LR (2019). UVA Light
In vivo reaches the Nucleus of the Guinea Pig Lens and Produces Deleterious,

Oxidative Effects. Experimental Eye Research, 75(4), 445-58..

Gregus, A., Wintink, A. J., Davis, AC, Kalynchuk, L. E. (2005). Effect of repeated
corticosterone injections and restraint stress on anxiety and depression-like

behavior in male rats. Behavioural Brain Research, 156(1), 105-114.

Hacioglu G., Senturk, A, Ince I, Alver A. (2016). Assessment of oxidative stress
parameters of brain-derived neurotrophic factor heterozygous mice in acute stress

model. Iranian Journal of Basic Medical Sciences, 19(4), 388.

Hamid N AA, Hasrul, M A, Ruzanna, RJ, Ibrahim IA, Baruah PS, Mazlan M, et al.
(2011). Effect of vitamin E (Tri E®) on antioxidant enzymes and DNA damage in

rats following eight weeks exercise. Nutrition Journal, 10(1), 1-7.

Hamidreza F, Morteza K, Fatemeh A (2016). Assessment of Improvement in Feeding
Behavior and Co Morbid Psychiatric Disorders in Morphine Addiction Period in

Socialized Male Rats. INDJ, 8(1), 1-16.

Hardell L, Carlberg M, Soderqvist F, Mild KH, Morgan LL. (2007). Long-term use of
cellular phones and brain tumours, increased risk associated with use for 10 years.

Occupational and environmental medicine, 64(9), 626-32.

101


https://www.nature.com/articles/nn1340#auth-A_Denise_R-Garcia
https://www.nature.com/articles/nn1340#auth-Ngan_B-Doan
https://www.nature.com/articles/nn1340#auth-Tetsuya-Imura
https://www.nature.com/articles/nn1340#auth-Toby_G-Bush
https://www.nature.com/articles/nn1340#auth-Michael_V-Sofroniew
https://www.nature.com/neuro

Hassan NS, Awad SM (2007). Reverse effect of vitamin e on oxidative stress, derivatives
and conductivity changes of haemoglobin induced by exposure to cadmium. J.

Appl. Sci. Res, 3(6), 437-443.

Heinrichs SC, Koob GF (2006). Application of experimental stressors in laboratory

rodents. Current Protocols in Neuroscience, 34(1), 4-8.

Higgs S (2002). Memory for recent eating and its influence on subsequent food intake.

Appetite, 39,159-166.

Higgs S (2008). Cognitive influences on food intake, the effects of manipulating memory

for recent eating. Physiol Behav. 94,734-739.

Higgs S, Williamson AC, Rotshtein P, Humphreys GW (2008). Sensory-specific satiety

is intact in amnesics who eat multiple meals. Psychol Sci, 19,623-628.

Hillebrand JJ, de Wied D, Adan RA (2002). Neuropeptides, food intake and body weight

regulation, a hypothalamic focus. Peptides, 23, 2283 -306.

Hoong K, Ng (2003). Radiation, mobile phones, base stations and your health. Gains Print

Sdn. Bhd. ISBN, 983-40889-0-9

Hou J, Friedrich A, Gounot JS, Schacherer J. (2015). Comprehensive survey of
condition-specific reproductive isolation reveals genetic incompatibility in yeast.

Nature Communications, 6(1), 1-8.

Hu, Cuicui (2021). “Effects of Radiofrequency Electromagnetic Radiation on
Neurotransmitters in the Brain.” Frontiers in Public Health, Frontiers Media S.A,

17 Aug.

102



Hussein S, El-Saba AA, Galal MK. (2016). Biochemical and histological studies on
adverse effects of mobile phone radiation on rat’s brain. Journal of Chemical

Neuroanatomy, 78, 10-19.

ICT facts and figures 2017-1TU. Printed in 2017. Available from,

http.//www.itu.int/en/ITUD/Statistics/Pages/events/wtis2017/default.asp.

ICT facts and figures 2017-1TU.  Available from,

https,//www.itu.int/en/ITUD/Statistics/Documents/facts/ICTFactsFigures2017.pdf

Institute of Electrical and Electronics Engineers (IEEE) (2005). IEEE standard for safety
levels with respect to human exposure to radio frequency electromagnetic fields, 3

kHz to 300 GHz, IEEE Std C95.1.

International Commission on Non-lonizing Radiation Protection (ICNIRP)
(2009). Statement on the "Guidelines for limiting exposure to time-varying electric,

magnetic and electromagnetic fields (up to 300 GHz)".

Jayanthi M, Margaret J (2012). M. The link between stress and feeding behaviour.

Neuropharmacology, 63(1), 97-110.

Jelinek M, Jurajda M, Duris K (2021). Oxidative Stress in the Brain, Basic Concepts and

Treatment Strategies in Stroke. Antioxidants, 1886, 25, 10(12).

Jena B P, Panda N, Patra R C, Mishra P K, Behura, N C, Panigrahi B (2013).
Supplementation of vitamin E and C reduces oxidative stress in broiler breeder hens

during summer.

Jeong JY, Lee D H, Kang S S (2013). Effects of chronic restraint stress on body weight,
food intake, and hypothalamic gene expressions in mice. Endocrinology and

Metabolism, 28(4), 288-296.

103


http://www.itu.int/en/ITUD/Statistics/Pages/events/wtis2017/default.asp
https://www.itu.int/en/ITUD/Statistics/Documents/facts/ICTFactsFigures2017.pdf

Jin J (2018). Electromagnetic analysis and design in magnetic resonance imaging.

Routledge, Feb 6.

Jooyeon j, Dong HL, Sang S (2013). Effect of chronic restraint stress on body weight,
food intake and hypothalamic gene expressions in mice. Endocrinol Metab, 28,

288-196.

Jorntorp P (2001). Do stress reactions cause abdominal obesity and comorbidities?

Obes.Rev, 2, 73-86.

Junior LC, Guimaraes E, Musso C M, Stabler CT, Garcia MG, Janior C A et al (2014).
Behavior and memory evaluation of Wistar rats exposed to 1.8 GHz radiofrequency

electromagnetic radiation. Neurological Research, 36(9), 800-803.

Karanth J, Jeevaratnam K(2004). Oxidative Stress and Antioxidant Status in Rat Blood,
Liver and Muscle: Effect of Dietary Lipid, Carnitine and Exercise. Int. J. Vitam.

Nutr. Res., 75 (5), 333-9.

Karavasilis E, Christidi F, Velonakis G, Tzanetakos D, Zalonis I, Potagas C,
Andreadou E, Efstathopoulos E, Kilidireas C, Kelekis N, Evdokimidis I (2019).
Hippocampal structural and functional integrity in multiple sclerosis patients with
or without memory impairment, a multimodal neuroimaging study. Brain Imaging

Behav, 13(4), 1049-59,

Kayalvizhi E, Vijayalakshmi B, Kate NN, Chandrasekhar M. (2012). A study on the role
of antioxidant vitamin E supplementation on behavioral changes induced by

immobilization stress in mice. Ind. J. Sci, 2(1), 27-30.

104



Ketchesin KD, Stinnett GS, Seasholtz AF (2017). Corticotropin-releasing hormone-
binding protein and stress, from invertebrates to humans. Stress. Sep, 20(5), 449-

464.

Khansari N, Shakiba Y, Mahmoudi M (2009). Chronic inflammation and oxidative stress

as a major cause of age-related diseases and cancer, Recent Pat Inflamm Allergy

Drug Discov,3(1),73-80.

Kim HS, Choi HD, Pack JK, Kim N, AhnY (2021), Biological Effects of Exposure
to a Radiofrequency Electromagnetic Field on the Placental Barrier in Pregnant

Rats Bioelectromagnetics. Apr, 42(3), 191-199.

Koob GF. (2008). A role for brain stress systems in addiction. Neuron, 59(1), 11-34.

Kreek M J, Nielsen DA, Butelman E R, LaForge K S (2005). Genetic influences on
impulsivity, risk taking, stress responsivity and vulnerability to drug abuse and

addiction. Nature Neuroscience, 8(11), 1450-1457.

Lanzenberger RR, Mitterhauser M, Spindelegger C, Wadsak W, Klein, N., Mien, L. K.,
et al (2007). Reduced Serotonin-1A Receptor Binding in Social Anxiety Disorder.

Biological Psychiatry, 61(9). https,//doi.org/10.1016/j.biopsych.2006.05.022

Linz R, Puhlmann L, Apostolakou F, Mantzou E , Papassotiriou I, Chrousos GP
(2019). Acute psychosocial stress increases serum BDNF levels, an antagonistic
relation to cortisol but no group differences after mental training

Neuropsychopharmacology, Sep, 44(10), 1797-1804.

Liu C, Kanoski SE (2018). Homeostatic and non-homeostatic controls of feeding
behavior, distinct vs. common neural systems. Physiol Behav, Sep 1, 193(Pt B),

223-231.

105


https://pubmed.ncbi.nlm.nih.gov/?term=Khansari+N&cauthor_id=19149749
https://pubmed.ncbi.nlm.nih.gov/?term=Shakiba+Y&cauthor_id=19149749
https://pubmed.ncbi.nlm.nih.gov/?term=Mahmoudi+M&cauthor_id=19149749
https://doi.org/10.1016/j.biopsych.2006.05.022

Luba S, Spencer J (2014). Eating behavior and stress, a pathway to obesity. Stress

regulation of appetite, 5,434.

Lushchak V (2012) Glutathione Homeostasis and Functions, Potential Targets for

Medical Interventions. J Amino Acids, 736837

Mahfouz, M. D., Ch, H., & Shaffi Sadasivudu, B. (1986). Serum malonaldehyde levels

in myocardial infarction and chronic renal failure. IRCS Med Sci, 14, 1110-1111.

Mailankot M, Kunnath A P, Jayalekshmi H, Koduru B, Valsalan R (2009). Radio
frequency electromagnetic radiation (RF-EMR) from GSM (0.9/1.8 GHz) mobile
phones induces oxidative stress and reduces sperm motility in rats. Clinics, 64(6),

561-565.

Martignoni M, Groothuis G, Kanter R(2006). Comparison of mouse and rat cytochrome

P450-mediated metabolism in liver and intestine, Drug Metab Dispos, 1047-54.

Maluin SM, Osman K, Jaffar F, lbrahim S (2021). Effect of Radiation Emitted by
Wireless Devices on Male Reproductive Hormones. A Systematic Review. Front

Physiol, 12, 732420

Maniam, J, & Morris, M. J. (2012). The link between stress and feeding behaviour.

Neuropharmacology, 63(1), 97-110.

Maunoury R, Portier MM, Léonard N, McCormick D (1991). Glial fibrillary acidic
protein immunoreactivity in adrenocortical and Leydig cells of the Syrian golden

hamster. Journal of Neuroimmunology. 35 (1-3): 119-129.

Medina-Hernandez, V. Ramos-Loyo, J. Luquin, S. Sanchez, L. F. C. Garcia-Estrada, J.

& Navarro-Ruiz, A. (2007). Increased lipid peroxidation and neuron specific

106


https://pubmed.ncbi.nlm.nih.gov/?term=Martignoni+M&cauthor_id=16565172
https://pubmed.ncbi.nlm.nih.gov/?term=Groothuis+G&cauthor_id=16565172
https://pubmed.ncbi.nlm.nih.gov/?term=de+Kanter+R&cauthor_id=16565172

enolase in treatment refractory schizophrenics. Journal of Psychiatric Research,

41(8), 652-658.

Meunier N, Belgacem Y H, Martin J R (2007). Regulation of feeding behaviour and

locomotor activity by takeout in Drosophila. J Exp Biol, 210 (8), 1424-1434.

Mifsud KR, Reul JMHM (2018). Mineralocorticoid and glucocorticoid receptor-
mediated control of genomic responses to stress in the brain. Stress, Sep, 21(5),

389-402.

Miller AB, Green LM (2010). Electric and magnetic fields at power frequencies Chronic

Dis Can Suppl, 1, 69-83.

Mohammed RE (2021). Can Vitamin E supplementation affect obesity indices? A
systematic review and meta-analysis of twenty four randomized controlled trials.

Clin Nutr, May, 40 (5), 3201-3209

Mohd. Razali Salleh (2008). Life Event, Stress and IlIness. Malays J Med Sci, 15(4), 9—

18.

Morgan TE, Rozovsky I, Goldsmith SK, Stone DJ, Yoshida T, Finch CE. (1997).
Increased transcription of the astrocyte gene GFAP during middle-age is attenuated
by food restriction, implications for the role of oxidative stress. Free Radical

Biology and Medicine, 23(3), 524-528.

Mossa ATH, Heikal TM,Mohafrash SMM (2014). Lipid peroxidation and oxidative
stress in rat erythrocytes induced by aspirin and diazinon: the protective role of

selenium. Asian Pacific Journal of Tropical Biomedicine,4(2),5S603-S609

Moustafa YM' Moustafa RM, Belacy A, Abou SH, Ali FM (2001). Effects of acute

exposure to the radiofrequency fields of cellular phones on plasma lipid peroxide

107


https://pubmed.ncbi.nlm.nih.gov/?term=Miller+AB&cauthor_id=21199600
https://pubmed.ncbi.nlm.nih.gov/?term=Green+LM&cauthor_id=21199600
https://www.sciencedirect.com/science/article/pii/S2221169115300575#!
https://www.sciencedirect.com/science/article/pii/S2221169115300575#!
https://www.sciencedirect.com/science/article/pii/S2221169115300575#!
https://www.sciencedirect.com/journal/asian-pacific-journal-of-tropical-biomedicine
https://pubmed.ncbi.nlm.nih.gov/?term=Moustafa+YM&cauthor_id=11516912
https://pubmed.ncbi.nlm.nih.gov/?term=Moustafa+RM&cauthor_id=11516912
https://pubmed.ncbi.nlm.nih.gov/?term=Belacy+A&cauthor_id=11516912
https://pubmed.ncbi.nlm.nih.gov/?term=Ali+FM&cauthor_id=11516912

and antioxidase activities in human erythrocytes. J Pharm Biomed Anal, 26(4),605-

8.

Mubeen S M, Abbas Q and Nisar N (2008). Knowledge about ionising and non-ionising

radiation among medical students J. Ayub Med. Coll, Abbottabad 20 118-21

Mugunthan N, Shanmugasamy K, Anbalagan J, Rajanarayanan S, Meenachi S (2016).
Effects of long-term exposure of 900-1800 MHz radiation emitted from 2G mobile
phone on mice hippocampus- A histomorphometric study. J Clin Diagn Res, 10(8),

AF01-AF08

Muntane G. (2006) Glial fibrillary acidic protein is a major target of glycoxidative and

lipoxidative damage in Pick's disease. Journal of Neurochemistry, 99(1), 177-85

Naabd Hamid, Hasrul MA, RJ Ruzanna, A lIbrahim, PS Baruah, Mazlan M (2011) et
al.,Effect of Vitamin E on antioxidant enzymes and DNA damage in rats following

eight weeks of exercise. Nutr J, 10, 37.

Narayanan, S. N., Kumar, R. S., Karun, K. M., Nayak, S. B., & Bhat, P. G. (2015).
Possible cause for altered spatial cognition of prepubescent rats exposed to chronic
radiofrequency electromagnetic radiation. Metabolic Brain Disease, 30(5), 1193—

1206. https,//doi.org/10.1007/s11011-015-9689-6

Narayanan, S. N., Kumar, R. S., Potu, B. K., Nayak, S., Bhat, P. G., Mailankot, M. (2010).
Effect of radio-frequency electromagnetic radiations (RF-EMR) on passive
avoidance behaviour and hippocampal morphology in Wistar rats. Upsala Journal

of Medical Sciences, 115(2), 91-96.

Neil S, Ironson G, Siegel S D. (2005) STRESS AND HEALTH, Psychological,

Behavioral, and Biological Determinants Annu Rev Clin Psychol, 1, 607-628.

108


https://doi.org/10.1007/s11011-015-9689-6

Niki E (2014). Role of vitamin E as a lipid-soluble peroxyl radical scavenger, in vitro and

in vivo evidence. Free Radic Biol Med, Jan, 66, 3-12.

Nixon B, King BV, G N De luliis, Aitken RJ (2016). The effects of radiofrequency
electromagnetic radiation on sperm function Reproduction Dec, 152 (6), R263-

R276.

Ongel, K., Mergen, H., Gurbuz, T (2007). Approach to Electric Burn, Investigation of the

literature. Dirim Tip, 8(2), 369-401.

Ozguner, F., Altinbas, A., Ozaydin, M., Dogan, A., Vural, H., Kisioglu, A. N., Cesur, G.,
& Yildirim, N. G. (2005). Mobile phone-induced myocardial oxidative stress,
protection by a novel antioxidant agent caffeic acid phenethyl ester. Toxicology and

Industrial Health, 21(7-8), 223-230.

Pagadala P, Shankar MS V, Kutty K (2019). Feeding Behaviour and its Association with
Stress, A Review Journal of Clinical and Diagnostic Research, Vol-13(3), CE01-

CEOsS.

Pagadala P, Shankar MS V, Sumathi ME (2022). Effect of RFEMR on NSE and MDA

levels in SD rats, Bioinformation 18(6), 501-504.

Panagopoulos DG, Karabarbounis A, Margaritis LH (2002). Mechanism for action of
electromagnetic fields on cells Biochem Biophys Res Commun, Oct 18,298(1), 95-

102.

Percuoco R (2014). Plain Radiographic Imaging Clinical Imaging (Third Edition).
Prasad M, Kathuria P, Nair P, Kumar A, Prasad K (2017). Mobile phone use and risk

of brain tumours, a systematic review of association between study quality, source

of funding, and research outcomes. Neurol Sci May, 38(5), 797-810.

109


https://pubmed.ncbi.nlm.nih.gov/?term=Nixon+B&cauthor_id=27601711
https://pubmed.ncbi.nlm.nih.gov/?term=King+BV&cauthor_id=27601711
https://pubmed.ncbi.nlm.nih.gov/?term=De+Iuliis+GN&cauthor_id=27601711
https://pubmed.ncbi.nlm.nih.gov/?term=Aitken+RJ&cauthor_id=27601711
https://pubmed.ncbi.nlm.nih.gov/?term=Panagopoulos+DJ&cauthor_id=12379225
https://pubmed.ncbi.nlm.nih.gov/?term=Karabarbounis+A&cauthor_id=12379225
https://pubmed.ncbi.nlm.nih.gov/?term=Margaritis+LH&cauthor_id=12379225
https://www.sciencedirect.com/science/article/pii/B9780323084956000014
https://www.sciencedirect.com/book/9780323084956/clinical-imaging
https://pubmed.ncbi.nlm.nih.gov/?term=Prasad+M&cauthor_id=28213724
https://pubmed.ncbi.nlm.nih.gov/?term=Kathuria+P&cauthor_id=28213724
https://pubmed.ncbi.nlm.nih.gov/?term=Nair+P&cauthor_id=28213724
https://pubmed.ncbi.nlm.nih.gov/?term=Kumar+A&cauthor_id=28213724
https://pubmed.ncbi.nlm.nih.gov/?term=Prasad+K&cauthor_id=28213724

Rabasa, C., Dickson, S. L. (2016). Impact of stress on metabolism and energy balance.

Current Opinion in Behavioral Sciences, 9, 71-77.

Radiation frequency meter (Cornet Microsystems-ED 178 S EMF RF Meter Electro

Magnetic Detector (2016).

Rafat SA, Sanvidhan GS, Vandana Seth, Annu Jain, SN Bhattacharya (2006). Impact of
oral vitamin E supplementation on oxidative stress & lipid peroxidation in patients

with polymorphous light Eruption. INDIAN J MED RES, 780-786.

Ragy, M. M (2014(. Effect of exposure and withdrawal of 900-MHz-electromagnetic
waveson brain, kidney and liver oxidative stress and some biochemical parameters

in male rats. Electromagnetic Biology and Medicine, 8(5), 78-89.

Richard D, Lin Q, T feeva E (2002).The corticotropin-releasing factor family of peptides
and CRF receptors, their roles in the regulation of energy balance. Eur J Pharmacol,

440, 189-97.

Rozin P, Dow S, Moscovitch M, Rajaram S (1998). What causes humans to begin and
end a meal? A role for memory for what has been eaten, as evidenced by a study of

multiple meal eating in amnesic patients. Psychol Sci, 9,392-396.

Ryan, M. J., Dudash, H. J., Docherty, M, Geronilla, K. B., Baker, B. A., Haff, G. G,
Cutlip, R. G, & Alway, S. E. (2010). Vitamin E and C supplementation reduces
oxidative stress, improves antioxidant enzymes and positive muscle work in
chronically loaded muscles of aged rats. Experimental Gerontology, 45(11), 882—

895.

Schwartz M.W, Woods SC,Porte D, Seeley RJ, Baskin DG (2000). Central nervous

system control of food intake. Nature, 404, 661 -671.

110



Selvakumar C, Maheshwari U, Suganthi, Archana.(2012) Oxidant-Antioxidant
disturbance in men classifiedas obese according to the preliminary WHO guidelines

for Asians. J. Stress Physiol. Biochem. VVol. 8 No. 1, 172-181.

Shih YW, O'Brien AP, Hung CS, Chen K H, Hou W H,Tsai HT (2021). Exposure to
radiofrequency radiation increases the risk of breast cancer, A systematic review

and meta-analysis Exp Threm Med, Jan, 23.

Shimizu H, Arima H,Watanabe M,Goto M,Banno R,Sato | (2008). Glucocorticoids
increase neuropeptideY and agouti-related peptide gene expres sion via adenosine
mono phosphate activated protein kinase signaling in the arcuate nucleus of rats.

Endocrinology, 149, 4544-553.

Sinha S, Patil MS (2019). Mobile phone usage pattern and its health effects among
medical students in north Karnataka, an observational study. Int J Community Med

Public Health, 6, 4305-9

Smith SM (2006).The role of the hypothalamic-pituitary-adrenal axis in neuroendocrine

responses to stress. Dialogues Clin Neurosci, 8(4), 383-395.

Sominsky, L., & Spencer, S. J. (2014). Eating behavior and stress, a pathway to obesity.

Frontiers in Psychology, 5, 434.

Stanley S, Wynne K, Mc Gowan B, Bloom S (2005). Hormonal regulation of food

intake. Physiol Rev, 85, 1131-1158.

Stella J, Croney C, Buffington T (2013). Effects of stressors on the behavior and

physiology of domestic cats. Appl Anim Behav Sci, Jan 31, 143(2-4), 157-163.

111


https://pubmed.ncbi.nlm.nih.gov/?term=Shih%20YW%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=O%27Brien%20AP%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hung%20CS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Chen%20KH%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hou%20WH%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Tsai%20HT%5BAuthor%5D

Stevenson RJ, Francis HM (2017). The hippocampus and the regulation of human food
intake. Psychol Bull. Oct, 143 (10), 1011-1032. doi, 10.1037/bul0000109. Epub Jun

15.

Subhadeep, D., Srikumar, B.N, Rao, S. and Kutty, B.M, (2021). Exposure to Short
Photoperiod Regime Restores Spatial Cognition in Ventral Subicular Lesioned
Rats, Potential Role of Hippocampal Plasticity, Glucocorticoid Receptors, and

Neurogenesis. Molecular Neurobiology, 58(9), pp.4437-4459.

Tsikas D (2017) Assessment of lipid peroxidation by measuring malondialdehyde (MDA)
and relatives in biological samples, Analytical and biological challenges Anal

Biochem, May 1, 524, 13-30.

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J (2007). Free radicals and
antioxidants in normal physiological functions and human disease. Int J Biochem

Cell Biol, 39(1), 44-84.

Villacorta, L., Graga-Souza, A. v, Ricciarelli, R., Zingg, J.-M., & Azzi, A (2003). a-
Tocopherol induces expression of connective tissue growth factor and antagonizes
tumor necrosis factor-o—mediated downregulation in human smooth muscle cells.

Circulation Research, 92(1), 104-110.

Warne J P, Horneman H F,Wick EC ,Bhargava A,Pecoraro N C,Ginsberg A (2006). B et
al. Comparison of superior mesenteric versus jugular venous infusions of insulin in
streptozotocin- diabetic rats on the choice of caloric intake, body weight,and fat

stores. Endocrinology, 147, 5443-451.

112


https://pubmed.ncbi.nlm.nih.gov/?term=Tsikas+D&cauthor_id=27789233

Wegrzyn D, Juckel G, Faissner A (2022). Structural and Functional Deviations of the
Hippocampus in Schizophrenia and Schizophrenia Animal Models. Int J Mol Sci,

May 13, 23(10), 5482

Yao G, Lee T J, Mori S, Nevins JR, You L. (2008). A bistable Rb—E2F switch underlies

the restriction point. Nature Cell Biology, 10(4), 476-482.

Yau YH C, Potenza MN. (2013). Stress and eating behaviors. Minerva Endocrinologica,

38(3), 255.

Yu Lv S, Yang Y J, Chen Q (2013). Regulation of feeding behavior, gastrointestinal

function and fluid homeostasis by apelin. Peptides, 44, 87-92.

YuY, Yao K (2010). Non-thermal Cellular Effects of Low-power Microwave Radiation
on the Lens and Lens Epithelial Cells. Journal of International Medical Research,

38(3), 729-736.

Yvonne H, C Yau, Marc N. Potenza (2013). Stress and Eating Behaviors. Minerva

Endocrinol, 38(3), 255-267

Zamanian, Ali, and Cy ardiman (2005). Electromagnetic Radiation and Human Health,
A Review of Sources and Effects, High Frequency Electronics, July 2005,

https,//www.highfrequencyelectronics.com/Jul05/HFEQ0705_Zamanian.pdf.

Zwoinska J K, Gremba J, Calik B G, Piotrowicz K W, Thor PJ (2015). Electromagnetic
field induced biological effects in humans. Przegl Lek, 72(11), 636-41. PMID,

27012122.

113


https://www.highfrequencyelectronics.com/Jul05/HFE0705_Zamanian.pdf

Publications.
Presentations &
Workshops




11. PUBLICATIONS AND PRESENTATIONS
11.1. Publications:

1. Pagadala P, Shankar MS V, Kutty K (2019). Feeding Behavior and its
Association with Stress: A Review Journal of Clinical and Diagnostic Research.
Vol-13(3):CE01-CEO5.

2. Pagadala P, Shankar MS V, Sumathi ME (2022). Effect of Mobile phone radio
frequency electromagnetic radiations (RF-EMR) on Neuronal specific enalose
(NSE) and Malondialdehyde (MDA) levels in Sprague dawley (SD) rats.
18(6):501-505.

3. Pagadala P, Shankar MS V, Sumathi ME (2022). Effect of Mobile phone radio
frequency electromagnetic radiations on Oxidative stress and feeding behavior in
Sprague dawley (SD) rats (Accepted for publication)Indian journal of physiology and
pharmacology

11.2. Oral Presentations:

1. Effect of Mobile phone radio frequency electromagnetic radiations (RF-EMR)
on Neuronal specific enalose (NSE) and Malondialdehyde (MDA) levels in
Sprague dawley (SD) rats” at RAMSIECON-2021 Recent Advances in Medical
Sciences International E-Conference conducted by Department of Physiology
from 1%t to 3™ July 2021 at Yenepoya Medical College, Mangalore, Karnataka,
India.

2. Effect of mobile phone radio frequency electromagnetic radiations (RF-EMR)
on Feeding behavior in Sprague dawley (SD) rats has been presented on
14/03/19-16/03/19 at 32" annual meeting of Society for neurochemistry SNCI

CON 2019, India at JSS Academy of higher Education.

115



12. Workshops attended/conducted related to my study:

1. | have completed adhoc training course in current regulations, handling,
breeding, maintenance and techniques in laboratory animal experiments from
12" February to 17" February at NCLAS,NIN,Hyderabad

2. We conducted a State level State Level CME on Appetite, Food Craving and
Obesity on 29th August 2017 which was sponsored by MERT.

3. We conducted a CME titled “Physiology of Cognitive Neuroscience & its
Alterations “On 6th August 2018 Sponsored by MERT, Karnataka.

4. We also organized World obesity day “First MBBS student performing
anthropometric measurement’s at Suguna International School” on 11/10/2018.
An interactive session was done where the significance of BMI and importance

of maintain ideal body weight was discussed.

13. Courses completed:
1. I have cleared BCBR exam conducted by ICMR
2. | have successfully completed online course on research methodology conducted
by MEU India & National institute of continuing professional development

between 15 April to 15" July 2018.

116



DOI: 10.7860/JCDR/2019/40508.12725

Physiology Section

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.

Keywords: Body weight, Food availability, Homeostasis, Hypothalamus

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 homonal 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 whichincludes: 1) Lipostatic theory;
2) Thermostatic theory; 3) Glucostatic theory; 4) Gut peptide theory.
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Lipostatic Theory

Leptin is a hormone produced from fat cells, circulating protein
containing 167 amino acids. lts 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
fom 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 GI 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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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 meliitus, 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].
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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

www.jcdr.net

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 asignificantindividual and publichealth 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 can increase
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 complexinteraction 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. Whenthe stressorexceeds aperson’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

N 4

’ Individual differences ‘

|

Perceived stress

Physiological responsc

[Table/Fig-4]: Fa

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.
It 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 panvicellular 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].

| —

CRH

Anterior pituitary

ACTH

» | Gluco corticoids

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 signaling 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].

I Adrenal cortex

[Table/Fig-5]:

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: pemissible 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 subjectis placed in along 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
oftime 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 abnormalitiesand
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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Abstract:

Radiofrequency emitted radiations (RFEMR) from mobile phones are known to produce a stress response because of its effect on
hypothalamus. Mobile phones have become an integral part of our lives with increasing usage not only in terms of number of users but
also increase in talk time. Therefore, it is of interest to study the effect of mobile phone radiofrequency electromagnetic radiations on NSE
and MDA levels in SD rats. Twelve male SD rats of 10-12weeks old, weighing 180-220 grams, were purchased from registered laboratory
breeders & housed in a room with 12:12hour’s light-dark cycle with adlibitum amount of food and RO water. Present study showed
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significant increase in NSE and MDA levels in rats exposed to RFEMR. This study proves that mobile RFEMR causes oxidative stress and

oxidative damage in SD rats.

Keywords: Oxidative stress, oxidative damage, reactive oxygen species, neuronal cells, brain damage.
T T 0 T 0 0 TN

Background:

Radiofrequency emitted radiations (RFEMR) from mobile phones
are known to produce a stress response because of its effect on
hypothalamus. Mobile phones have become an integral part of our
lives with increasing usage not only in terms of number of users but
also increase in talk time [1]. Major mechanism by which stress
affects the brain is by oxidative stress which in turn causing
oxidative damage [1]. During stressful conditions oxidative stress
reflect difference between the systemic manifestation of reactive
oxygen species and the biological system’s ability to readily
detoxify the reactive intermediates or to repair the resulting
damage. Disturbances in the normal state of cells can cause toxic
effects during the production of peroxides and free radicals that
damage all components of the cell [2]. It can cause disruptions in
normal mechanisms of cellular signaling & is connected with
enlarged production of oxidizing species [3]. Indeed, this
phenomenon has been documented after RF EMR treatment in
whole body and ovarian tissue models of Drosophila, mouse
fibroblasts, cultured breast cancer cells, rat heart tissue, and human
lens epithelial cells [4]. Studies showed that stress causes oxidative
damage leading to oxidative stress effect on brain cerebral blood
flow, blood brain barrier, and neuronal damage etc. [1-3].

Concern for the probable health effects of mobile phone usage are
increasing as the number of users has increased massively [5].
Mobile phone technology uses RF EMR and with increase in mobile
usage, there has been a drastic increase in the RF EMR exposure
encountered in daily life. Many recent studies have raised questions
about the safety of such RF EMR exposure [6]. Brain derived neuro-
trophic factor (BDNF) has a primary role in the survival & supports
the neuronal cells, neuronal integrity and connectivity. It has a
crucial role in neuronal processes [7]. Any Change in the levels and
activities of BDNF may lead to impaired neuronal development,
neuro-plasticity and synaptic connectivity which in turn leading to
number of neurodegenerative disorders [7]. BDNF interaction with
ROS is critical for neurodegenerative and neuropsychiatric
abnormalities. The activity of BDNF is assessed by estimating the
Neuronal specific enalose (NSE), Malondialdehyde (MDA) [8]. NSE
is a soluble glycolytic pathway enzyme which plays a role in
neuronal differentiation [9,10]. Before identification in the tumors
and endocrine cells it was seen first in brain tissue [11]. It was
suggested that NSE neurons are present in all cells originating from
newro-endocrine tissues, thus it might be used as a reliable
indicator for presence of oxidative damage and neuronal injury
[12]. MDA plays a key role in modifying low density lipoprotein
(LDL), which mediates the patho-physiological changes by non-
enzymatic and auto-oxidative glycosylation [13]. It is an end
product formed during oxidative stress and lipid peroxidation. If
any free oxy radicals are produced in the body it causes
peroxidative breakdown of phospholipids which leads to
accumulation of MDA [14]. Thus, the present study was aimed to

study the effect of mobile phone radiofrequency electromagnetic
radiations on NSE and MDA levels in SD rats.

There is a widespread use of wireless, cellular, and mobile phones.
Each of which is a part of modern life. The longer exposure of these
devices is known [15].The levels of the electromagnetic radiation
have increased causing damage to tissue. These electromagnetic
radiations have produced lots of side effect on the human
meningeal tissues and brain [16]. It has attracted many researchers
on the effect of RF EMR on the various fields of epidemiology, cell
biology and toxicology but not many studies have been seen on
oxidative stress and damage [17]. Studies have not explored the
direct effect of mobile phone RFEMR on serum NSE and serum
MDA levels. Some studies have estimated MDA levels on tissues
and some of them have carried their studies on the NSE levels by
using electromagnetic system. So, as we continuously using and
carrying mobile phones with us this study will directly help us to
know the changes in serum NSE and serum MDA levels. Therefore,
it is of interest to study the effect of mobile phone RFEMR on serum
NSE and serum MDA levels in SD rats.

Materials and Methods:

[1] The present study was approved by Institutional Animal
Ethics Committee on 28%June 2018 with reference number
TAEC/PHARMA/SDUMC/2017-18/08a. The study was
conducted at central animal house, Sri Devaraj Urs
Medical College, Kolar, Karnataka.

[2] Twelve Male SD rats of 10-12weeks old, weighing 180-220
gms, were purchased from registered Biogen laboratory
breedersé& housed in a room with 12:12 hour's light-dark
cycle with ad-libitum amount of food and RO water. They
were fed with rat pellets purchased from champaka feeds.
The floor of the cages was covered with sawdust to
provide a comfort floor for the rats and to make cleaning
of the cage convenient when littered.

[3] The rats were allowed to acclimatize to the laboratory
environment for about two weeks before the
commencement of the study. Animals were taken care as
per CPCSEA guidelines.

Group 1:
Control animals with ad libitum amount of food and RO water.

Group 2:
Animals were exposed to RF EMR emitted from mobile
phoneGSM (0.9 GHz/1.8 GHz) which is kept in answer
mode in the cage for one hour per day for 5days a week
for 50 days. By using radiofrequency decibel meter -178s
radiations were measured and animals were kept at a
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distance of 15-20cms from the mobile phone. Animals
were allowed to move freely in the cage with continuous

Rats exposed to Mobile RFEMR

Radiofrequency decibel meter

©Biomedical Informatics (2022)

access of food and RO water [1, 4].

Figure 1: The above figure shows that the rats exposed to mobile RFEMR and those radiations were quantified by Radiofrequency decibel
meter

Biochemical analysis:

At the end of the experimental period, blood samples were
collected from all the rats through retroorbital puncture by sterile
capillary tubes. Blood was collected in plain tube without
anticoagulant and it was allowed to clot at room temperature.
Serum was separated after centrifugation at 3000 rpm for 10 mins.
Serum was used for analysis of NSE and MDA.

Neuron specific enolase:
It was estimated by using ELISA according to the manufacturer’s
instructions.

Malondialdehyde (MDA):
It was estimated by Thiobarbituric acid method using colorimeter.

Estimation of MDA by lipid peroxidation:
The lipid peroxidation was estimated by Mahfouz et al. (1986)
method.

Principle:

Lipids in the cell membrane are highly susceptible to peroxidative
damage, which in turn break down into number of units to form
MDA. This MDA reacts with TBA to form thiobarbituric acid
reactive substances (TBARS), which has a pink color with
absorption maxima at 530 nm.

Reagents:
[1] 0.67% Thiobarbituric acid (TBA)
[2] 40% trichloroacetic acid (TCA)
[3] 1,1, 3, 3- tetra methoxy propane (99%): [Malondialdehyde
bis (dimethyl acetal)] 10 mM

Procedure:

Five hundred pl of plasma sample was pipetted out into labelled,
clean 15 ml glass tubes. To the tubes, 500p1 of 40% TCA and 1 ml of
0.67% TBA were added and mixed gently. The tubes were closed
with the caps and kept in a boiling water bath for 10 minutes. The
tubes were removed from the boiling water bath and left at room
temperature for 2 minutes. The tubes were then placed in an ice
cold water bath for 5 minutes and added 1 ml of double distilled
water to all the tubes and centrifuged at 2500 rpm for 15 minutes at
room temperature. Supernatant was removed and optical density
was measured at 530 nm using Double beam spectrophotometer
(Perkin Elmer Spectrophotometer). The OD values were plotted
against the concentration of the standards to obtain a standard
graph. The concentrations of the samples were calculated using the
OD of standard of known concentration [18].Values were expressed

as ymol /L

Data representation & Statistical analysis:

Data were expressed as Mean + SD Statistical analysis was carried
out using SPSS software. Statistical differences between the groups
were evaluated by independent T test followed by Dunnets
comparison test to compare between treated and control groups.
Differences yielding p<0.05 were considered statistically significant.

Results:

NSE and MDA levels were increased in rats exposed to RFEMR
(0.6683ng/mL+0.106, 1.9038 jmol/L +4.034) compared to controls
(0.376 ng/mL + 0.56, 1.1465 pmol/L +0.134). The results revealed
that, there was a statistically significant (p<0.05) increase in the NSE
& MDA levels in RFEMR exposed rats as compared to controls.
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Table 1: Showing the difference in NSE and MDA levels in Controls and RFEMR
exposed rats

Control RFEMR Pvalue
MeantSD MeantSD
NSE (ng/mL) 0376056  0.6683+0.106  0.000*
MDA (umol /L) 114650134  1.9038+4.034  0.005*

*indicates statistically significant

Discussion:

MDA is one of the several byproducts formed during degradation
of phospholipid cell membrane. Due to the damage of cell
membrane by reactive oxygen species, Phospholipase A2 enzyme
releases arachidonic acid from membrane phospholipids. In
subsequent reactions this yields the formation of MDA [14]. NSE is
found in cytoplasm and dendrites of the neurons and is thought to
be a marker of neuronal damage. Although its levels are low in
peripheral blood is stated that can be used as a sensitive indicator
as it increases in serum during injury and damage [19]. Target of
this research was to scrutinize the effect of RFEMR on biochemical
parameters of oxidative stress associated changes by stress related
determinants, Lipid peroxidative activity by MDA levels and
neuronal damage by NSE. According to Table 1 results of our
study indicated that there was significant increase in NSE and
MDA levels in rats exposed RFEMR compared to controls. As NSE
and MDA are markers for neuronal damage and lipid peroxidation,
our study proves that RFEMR may cause oxidative stress which in
turn leads to oxidative damage. Oxidative stress and oxidative
damages are well established cause for many chronic disorders [20].
Maneesh et al. also found significantly increased MDA levels in
testis and epididymis of RFEMR exposed male rats and finally
concluded that mobile RFEMR induces oxidative stress [6]. This
study was also supported by the work where, the use of mobile
phone have shown to induce experimental device on guinea pigs
exposed for 10 days leading to increased MDA levels[21]. A study
done on rat liver by using antenna radiations suggested that,
elevated MDA could be due to cytochrome P450-mediated
metabolism of the organic hydroperoxide to active alkoxyl radicals
that initiated LPO and led to liver damage. Hence these metabolic
pathways could increase cellular free radicals, which may attack
phospholipids, proteins, and nucleic acids [22]. A study done by
Gulay et al. also proved that by using Electromagnetic field(EMF)
and exposure system 2hours/ day for a period of 90 days showed
that NSE levels were statistically increased in exposure group
compared to controls[8,19]. Due to neuronal damage there might be
a breach of blood brain barrier which leads to elevated NSE levels
in the brain could have entered the blood[23][24]. In the present
study, we observed increased NSE levels in the exposed group
compared to control group. This increase was found to be a
consequence for damage of neurons, death of cells, synapse loss,
and axonal myelin damage.

©Biomedical Informatics (2022)

Conclusion:

Based on findings of our study we concluded that exposure to
mobile RFEMR leads to increased NSE and MDA levels causing
oxidative stress which in turn leads to oxidative damage in SD rats.
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7. SUMMARY

» Exposure to stress is inevitable. Stress affects the brain both physiologically and
chemically. Depression and anxiety are extremely common during stress. Recent
days mobiles are also known to cause oxidative stress. Stress affects feeding
behavior.

» Fifty days of multiple stressors significantly reduced the feed intake and body
weight in the Stress group compared to the control group (p<0.05). A significant
reduction in feed intake was observed in stress group starting from Day 1 and
body weight from Day 30 and continued until the end of the study compared to
control. An Overall reduction of 20% in body weight was observed in stress.

» The feed intake in the 50 days of RF-EMR group was comparable with the control
(p>0.05). Although the body weight was reduced in the RF-EMR group but it was
not statistically significant compared to the control (p>0.05).

» The serum NSE, MDA and corticosterone levels were significantly increased in
the both chronic multiple stressors and RF-EMR grouped rats compared to the
control.

» The GFAP levels in the CA3 region of hippocampus was significantly higher in
the Stress group compared to the control group. The GFAP levels in the CA3
region were comparable between the RF-EMR and control group.

» The MDA, NSE and GFAP levels were significantly higher in the multiple
stressor group compared to the RF-EMR group. Which indicating that 50 days of
RF-EMR induced changes were less significant compared to the 50 days of

chronic multiple stressors induced alterations.
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» Concurrent treatment of 100mg/kg vitamin E supplementation for 50-days to the
multiple stressors and RF-EMR rats showed an improvement of feed intake and
body weight compared to the multiple stressor and RF-EMR group rats.

» Concurrent treatment of 100mg/kg vitamin E supplementation for 50-day to the
multiple stressors and RF-EMR rats normalised the increased NSE, MDA,
corticosterone levels observed in the multiple stressors and RF-EMR group rats.

» Concurrent treatment of 100mg/kg vitamin E supplementation for 50-days to the
multiple stressors normalised the increased GFAP levels observed in the multiple

stressor group rats.

8. RECOMMENDATION:

Based on literature search and findings from our study we suggest that instead of intake
of exogenous vitamin supplementation to avoid oxidative damage caused by day to day
life and through mobile radiations it’s better to modify lifestyle by maintaining regular
sleep cycle, Exercise, balanced diet, Meditation and yoga. We also advise individuals not
to use mobile phones for extended periods to avoid ill effects of EMR. Withdrawing from
EMR might undoubtedly overcome the harmful effects of EMR exposure, bringing it
closer to the normal state. Therefore, increased anti- oxidants intake may nullify the effect
of RF-EMR from gadgets and physical stress caused every day. Vitamin E usage for a
period of 50days can undoubtedly reverse the changes but long term usage of Vitamin E

has to be studied before recommending.
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