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ABSTRACT
Obesity is a global epidemizhich occurs as a result of energy imbalance. Biological,
environmental, immunological, genetic and social factors also contribute to the
development of obesity. Body mass index (BN#l)the most common and widely used
method used to evaluate weight status. Recently, hormones that are involved in energy
homeostasis have been associated with obesity. These hormones include adiponectin,
which is secreted by adipocytes, and ghrelin, sedr&y cells in the gastric mucosa.
FurthermoreHelicobacterpylori (H. pylori) a bacteria which infects the gastric mucosa, is
highly prevalent all over the world including Nigeria, alsoimplicated in obesity. The
mechanism connectinlg. pylori infection and obesity is controversial and unclear. This
study investigated the relationships between the hormormschemical and
haematological parameters, and also how the hormones were relatedelabbacter
pylori infection in Nigeria. A total of 280, pparently, healthy men and women were
groupedusing body mass index (BMI) classes a&edum levels of adiponectin and ghrelin
were assayed by enzyrieked immunosorbent assay technique. Oxidative stress markers,
lipid profile, some haematological paranrsteas well asd. pylori-serological tests are
also conducted. Data, presented aame SEM,analysed by ANOVA and Clsquare.
Pear smachdoSpaar mannos used torewluaet assoaiaBodw eesudt
showeda significant (P< 0.05) rise in diponectin level inthe overweight (1.6 £ 0.06
Mg/L) group in male subjectspmpared with the normal (1.4 + 0.03 pg/L) group. In obese
male subjects, adiponectin was not significantly different from the naxmalell as the
overweight mals. Ghrelin levé was significantly (P< 0.05) higher in the overweight
group (718.9 + 94.40 ng/L) than in the normal (521.2 £+ 1hg@®) group in males.n
both male and female subjecisliponectin positively correlated with ghrelin (0442 P

< 0.001and r = @70, P < 0.001); and negatively withd. pylori (r =- 0.507, P< 0.001 and

Vil



r =-419 P < 0.001). Adiponectin also positively correlated (r6=198 P < 0.01) with
catalase in males only. Ghrelin concentration was significantly (@.05 higher in
overweight mas (718.9 = 94.40 ng//L), but was not in the female subjects. Ghrelin
positively correlated with catalase (10235 P< 0.01), superoxide dismutase (10189 P

< 0.06), and age (r ©.287 P<0.00]) in males; and positively with leucocytes (0206

P < 0.05) in females. Activity of catalase was significantly increased QR5) in obese

(48.9 + 3.19 U/mg) male subjects, while malondialdehyde (MDA) concentration was
significantly increased (R 0.05) in overweight (197.2 = 31.18 nmol/mg) female sabg.
There were no significant changes in serum lipids in any of the BMI groupings in male and
in female subjects. Also, none of the fractions of serum lipids correlated with adiponectin
or ghrelin in both sexes. Packed cell volume and white blood asfit eeere significantly
increased (< 0.05) in obese male subjects; 46.1 + 0.57% and 5.8 + 0.21°3xu10
respectively. Overweight female subjects had significantly (P05) reduced neutrophils
(37.0 £ 2.26%). In conclusiomyerweigh and obesity affeatoncentrations chdiponectin

and ghrelin antioxidant status and other physiological parameters tndpylori
colonization in a sexlependent mannedn addition, adiponectin concentration was

reducedn H. pylori-positive male and female subjects in plnesent study.
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CHAPTER ONE

1.0INTRODUCTION
Obesity is defined as a chronic imbalance between energy input and expenditure, and it is a
condition of multifactorial origin (Medeiros Ndet al, 2015).This disease is associated
with many comorbidities, such asyocardial infarction hypertension, atherosclerosis,
chronic inflammation, dyslipiaemia, insulin resistance, diabetes mellitasd other
metabolic disordersas such it habeen linked with igh mortality(Medeiros Ndeet al.,
2015).The number of peopleho are affected by obesity wokkdde is increasing, and the
prevalence rate is so high that obesity is now classified as an epidemic (Kopelman, 2000;
Abubakari and Bhopal, 2012; let al, 2012). In obesity, there is an increase in fat
accumulation, which occurs as a result of an increase in adipocytes in théSiahs,
2004) Adipose tissue is a source of important hormones such as adiponectin, which are

involved with regulation of body vight and energy homeostagiSinglaet al, 2010.

Adiponectin, one of theroteinsthatarealmost exclusively secreted from adipocytes, is a
potent modulator of glucose and lipid metabolism andnhditator of metabolic disorders
(Koszowskaet al, 2014. Adiponectin is a fatlerived hormone whose reduction plays
central roles in obesithnked diseases including insulin resistance/type 2 dialetdigus
(T2DM), and atheroscleros{¥amauchi and Kadowaki, 2013)he changes in adiponectin
levels observed after dieting, exercise and lipidering treatment may further indicate a

mediating role of adiponectin on metabolic functions (Christou and Kiortsis, 2013).

Ghrelin is another wg important energyegulating hormone that is produced in the
stomach(Rambhojanet al, 2015. Ghrelin plays important roles as a key regulator of
glucose metabolismby affecting food intak€Khatib et al, 2015. Studies have reported
thatbloodlevels of ghrelirare decreased in obesglividuals, but despite thisccurrence,

normal postprandial ghrelin suppression is abated in obese p&spteatet al, 2013.



Suppression of ghrelin secretion after meals is involved galagon of feeding, which
subsequently influences weightherefore obese subjects do not exhibit the decline in
plasma ghrelin seen after a meal in the lean; the lack of suppression following a meal in
obese subjects could lead to increased food cortsumand suggest that ghrelin may be

involved in the patbphysiology of obesityDostalova andHaluzik, 2009)

Reactive oxygen species (ROS)e molecules containing oxygesuch assuperoxide
radicalsand peroxideswhich are chemically reactivelhe ROS are formed as a natural
by-product of the normal metabolism of oxygen and have important roles sigredlling
and homeostasi@haudhariet al, 2014). In obesity, there is chronic state of oxidative
stress and lowgrade inflammation(Patel et al, 2007. Oxidative stress may be the

unifying mechanism underlying the development of comorbidities in obesity.

There is increasing evidence that obesity is a chiofemmatory condition, and some of
the cemorbidity and risks associated with excess weight may be associated with
inflammatory aspects of the disegB#xon and O'Brien, 2006 The most basic and widely
recognised association between obesity and inflaromest provided by an elevated white

blood cell (WBC)counts(ion and O6Brien, 2006) .

In addition to the increase in prevalence of obesity, epidemiologic studies have also
demonstrated a high prevalenceH#licobacter pylori(H. pylori) infection, especially in

the developing countrie¢Carabotti et al, 2014) Previous studies have ported an
increase in the prevalence laf pylori infection within obese individuald.i et al, 2013,
thereby suggesting that. pylori infection may predispose to obesifecent studies from
developed countries have, however, répdra decline in infection rate bif. pylori
bacteria, coinciding with increasing prevalencelbésity(Lenderet al, 2014) suggesting

a protective role ofl. pylori infection against development of obesity



1.1 Statement of Research Problem
Obesityis a global epidemi¢Smith and Smith, 203)6which is currently increasingin
Nigeria (Akarolo-Anthony et al, 2014) andfast becoming a majorhealth problem
(Ogunbodeet al, 2011; Adediraret al, 2012).Obesityis associated with emorbid
conditionssuch as hypertension andther cardiovascular disorders, metabolic diseases,
cancerspeptic ulcers andecently,H. pylori infection(Renshawet al, 200)). Researchers
havereported findings on obesity studidsjt thereis very limited literatureavailable on
energyregulating hormones, such as adiponectin gheelin and obesityin Nigerian
population(Ogunbodeet al, 2011). Adiponectin (an adipokine) is involved in mediating
energy balancélzadi et al, 2013, we i g ht | oss (Rlot klvadandrrd 15)
exhibits cadio-protective functions. Unfortunatelgtudies concerning adiponectin levels
across various racial populations and ethnicity (Gardemeal, 2013) especially in
Nigeria, are scarceGhrelin is a gut hormongwhich is secreted in the stomach and
involved in regulation of appetite, eating behaviour and overall energy balanakspo

involved with obesity(Bartnesst al, 2014 and is also limited in literatarin Nigeria.

In addition, H. pylori infection occurs in a large number of the populaticorid-wide,
with an estimated prevalence of 70% to 90% in Nigeria (Carabotéil, 2014). The
relationship betweeHRl. pylori infection andobesityis controversia(Azumaet al, 2009.
Some studies havsuggested possibleprotective role ofH. pylori and development of
obesity (Azuma et al, 2002 Atherton and Blaser, 20p9others havdinked increased
obesity with increasingl. pylori (Li et al, 2012). These factors are intéwined in relation
with obesity andtherefore important to establish their relationship, aado clarify the
relationship and mechanisms betwéerpylori and the development of obesity (Wual,

2005).



Many individuals in Nigeria are diagnosed daily, with diabetes mellitus, peptic ulcers and
hypertension, yet investigation on obes#ated lormones and obesity itself, and
Helicobacter pylori(especially as a risk factor), is limited. Therefore, it is very important
to investigate two interelated diseases and adwgatinand ghrelin. Tie interrelationship

may subsequently shed more lightmrevention and managementatfesityin Nigeria

1.2 Justification
Prevalence of overweight and obesitynisreasingworld-wide, with an equally increasing
risks and complications whictaccompanyit. Adiponectin and ghrelinare energy
regulating hormonewnhich play crucial rolesn chronic diseases, dd intake and energy
metabolism.Dysregulated secretions of these hormones are found to play major roles in
obesityrelated complications (Yamauclet al., 2013).In addition, studies concerning
adiponectin ad ghrelin and other biochemical and microbiological parameters, are limited
in Nigeria. Most of available literature®ncerning adiponectin and/ or ghreliere from
studies on other races aside from Africans, and the few African studies have paucity of
data on NigeriansAlthough obesity has been studied by various researchers across the
country (Bakari and Onyemelukwe, 2005; Bakasi al, 2006; Bakariet al, 2007,
Ogunbodeet al,, 2011; Amiraet al, 2012; Iwealat al, 2013; Sharayet al., 2014; Olafor
et al, 2014, Ejikeet al, 2015; Ogalet al, 2016, there is a wide gap not only in reports
from many parts of the country concerning the prevalence, but especially in studies on

physiological and biochemical aspects relating to obesity.

The increasg trend of obesity and its associated complicationakes it pertinent to
investigae the relationship(s) that may exibetweensome biochemicalphysiological
parametersand H. pylori infection and thesehormones with overweightobesestatus,
within thelocal population.Results obtained may give an insight on how these substances

may be affected by overweight status in a Nigerian population.



1.3 General Aim of the Study

This study aims to investigate relationships between obesity, serura dé\aiponectin

and ghrelin biochemical and haematological parameters kngylori infection in obese

subjects and compavéth normatweight subjects, ilKaduna Stat&niversity.

1.4 Objectives of the Study

The specific objectives are to:

vi.

Vil.

viii.

Assess anthropomeétmparametersand calculate BMI of the subjects.

Determine blood pressure of the subjects and compare with BMI classes.
Determine serum levels afliponectin and ghreli(according to BMI categories)
using Enzymelinked Immunosrbent Assq¥LISA) technige.

Assess biomarkers of oxidative stress according to BMI categories. The oxidative
markers are: Malondialdehyde (MDA); Superoxide dismutase (SOD); Catalase
(CAT) and Glutathione (GSH).

Evaluate serunconcentrations dipids in different BMI categories. lese lipids

are: Low-density lipoproteins(LDL); High-density lipoproteins(HDL); Total
Cholestero[TC); Triglycerides(TG).

Determine fasting blood glucose concentrations of the sutgadt€ompare with
BMI.

Determinehaematologicgbarametersf compleée blood counaccording to BMI
DetermineH. pylori titres using ELISAtechnique, andetateH. pylori infection
(according to BMI categorie$d concentratiosiof adiponectin and ghreljrand

Evaluate the relationships between the parameteradipdnetin and ghrelin



1.5 Statement of Researchdypothesis(Ho)
There is no association betweadiponectin, ghrelinbiochemical and haematological
parameterand H. pylori infection in obesestaff and students a University setting in

Nigeria



CHAPTER TWO
2.0 LITERATURE REVIEW
2.10besity
Obesity is a condition which results from excess accumulation of fat in the(Atidias
and ZjacieRotkvic, 2015. Obesity, also defined as excess of subcutaneous fat in
proportion to lean iy mass, is also described in terms of welgight ratio, in which
case the body mass index (BMI), as the most widely used measure of ofesigrnof
and Depres, 2013 is used. The World Health Organisation (WHO) classification of
obesity defines a BMI of 30.00 kgfror more as obese while a range of 25.00 to 29.99
kg/n? is considered as overweighnd normal is 18.50 to 24.9@y/n"” (WHO, 2000).
Obesity ca also be assessed ugithe waist circumference (WC), in which case it is
referred to as central or abdominal obesity. WC greater than 88 cm in women and greater
than 102 cm in men are used as measures of central obesity while that measured by BMI is
referred to as generalized obesity (WHO, 2000). The National Institute of Health defines
obesity as a BMI of 30 kg/fror more, and overweight as a BMI of-38 kg/nf (Janssen
et al, 2002) BMI is the most frequently used and widely accepted method of disbrbu

of body weight and assessment of medical risk (Chie¢dl, 2013).

Environmental and genetic factoadso play some roles the development of obesity
(Ogunbodeet al, 2011; Fall and Ingelsson, 2014 fact, until recently, obesity was
consideed the direct result of two weighihked behaviours of physical inactivity and
chronic ingestion of excess calories. Although these factors are undoubtedly the principal
cause in some cases, there is now strong evidence of a genetic influene¢ &ll&011)

and the involvement of some sipecific metabolites in environment, which suggest that
the local environment is a moderator of obefidygaset al, 2016).Most human obesity

generally develops from the interactions of multiple genes and emamal and



behavioural factors (Akarolénthony et al, 2014).In addition, sociceconomic factors
such aspoverty, have also been associated with obesitiesides dysregulation in the
mechanisms involved in food intgk&hich cause an imbalance betwesmergy input and
energy expenditureplay a significant role in the aetiology of obes(tyarabottiet al,

2014).

Obesity is an important public health problemrldwide, and it increases the risk of many

chronic diseases such pe 2 diabetes mellitud2DM) and cardiovascular diseases (LI

et al, 2012; FeijoeBandinet al, 2015). The most widely used measure for determining

the prevalence of obesity is thedy mass index (BMI). The BMI is the weight to height
proportion, expressed in kgfm Obesi ty i s c | as s?ithfartheras a
subclassifications as followslass Il obesitf B MI O 2B &asskllabasitf B M| o

40 kg/nf) , and super ob &sBM las fe@hMonsideredsad acugte m
indicator of body compsition due to a high correlation with per cent body fat (% BF)
(Vermaet al, 2016. Karmaliet al (2013), suggestthatd BF O 25 i n mal ez
females is classified as obese. However, the World Health Organisation, (WHO) classified

obesity as (Table 2.2\(HO, 2016:



Table 2.1: The International Classification of Adult Overweight and Obesity
according to Bdy mass index

Classification BMI (kg/m 9
Normal Range 18.57 24.9
Overweight 25.07 29.9
ObeseClass | (Moderate) 30.01 34.9
Obese Class I(Severe) 35.01 39.9
Obese Class llIVery severe) 040.0

Source: WHO (2000)



2.1.1 Prevalence & Obesity

The prevalence of obesity all over the world is increasing at an alarming rate, and is seen in
both developed and developing countries, including Nigéwsediranet al, 2012;lloh et

al., 2013. Furthermore the prevalence of obesity has been linked with geographical
locations; a striking variation exisg across ethnic groups in Nigeria was reported

(Kandala and Stranges, 2014).

The number of people affected bipesity in most developed countries and in urd@eas

of many less developed countries has been increasing markedly over the past twenty years,
with a current global prevalence of 12% (Imes and Burke, 20@Hdirh has reached an
epidemic proportiorfKarmaliet al, 2013. Obesity is projected to affect about 700 million
people in the world in 2018Veilleur et al, 2010). A total of 1.4 billion adults, who were

at least 20 years of age, were revealed to be either overweight or obese in 2008 {Akarolo
Anthony et al, 2014). Data from the WHO shows that the prevalence of overweight and
obesity incresed by approximaltg 20% between 2002 and 2010 in Nigeria (Akafrolo

Anthonyet al.,2014).

Data from studies on the prevalence of obesity in Nigeria have revealed variable but close
rates. Southwest Nigeria reported the prevalence of overweight and obesity as 20.8 % and
8.4 % respectively, with class | obesity as the most common pattern in that part of the
country (Adebayoet al, 2014. While in northern Nigeriaa study conducted on civil
servants suggested that 35 % were overweagkit27 % obesdOladimeji et al., 2014.
Similarly, from Niger Delta,a prevalence of 39.8 % and 28.0 % for overweight and
obesity, respectively in memas reportedldunget al, 2014. The same studglso showed

that more females were found to be overweight and obese than(idaleset al, 2014).
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Underweight, overweight and obesity exist in young adults in Nigeria, but overweight and

obesity are more prevale(®olaet al, 201]). The prevalence of overweight and obesity

in adults has been on the increase with an estimated 937 million overweight; and 396
million obese people in the world, as ealed from a study conducted in 2005 (Vegkari

al., 2014). Furthermore, in 2014, well over 600 million people aged over 18 years were
obese and 42 million children were obese or overweight (WHO, 2015). Obesity is no

longer described as the problem cé effluent or of those in developed countries,disb

of the developing countries as well (Idueigal.,, 2014).

2.1.2 Etiology of Obesity

Although there is a myriad range fafctorsthat contribute to the aetiology of obesity, an
imbalance between energytake and energy expenditure plays the major role (Sikaris,
2004).Aetiological factorgelatedto hormonal imbalance, genetic predisposition, damage

to the brain, some drugs and even psychological tra{#weng et al, 2013 may be

involved in obesity. Hormonahbnormities for example, chronic high level of cortisol,

have been associated with increased risk of obéNibppeet al, 2016. High cortisol

l evel may al so result i n Cushingds syndr ol
obesity and is usually difficult to distinguish it from simple obesity withouh gests as

thedexamethasone suppression {estet al, 2016).

Abnormal eating behaviour could result in obesity due to excessive energy intake, and this
can occur because of environmensalcial (Hruby et al, 2016, and psychologial factors
(Wanget al, 2015. The environmental factoesvidentare abundance of high energy foods
and sedentary lifestyle in especially the developed coun&i@sormal eating behaviour

also accompanies various forms of psychological stressh as gef reaction and

depressiorfSikariset al, 2004).
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Furthermore, factorsuch asedentary lifestyle, poor eating habits (frequent consumption

of fast foods and sugary snacks); substandard sacinomic conditions (especially in
industrialized countds); low educational levels; anertain types of occupations may
predispose a person to sitting down for many h¢Babiret al, 2016. Physical inactivity,

which is the outcome of modernisation, by the availability of machines and computers that
virtually perform almost any physical tagty, in addition to excessive calorie intake, are
characteristic features, which the western countries have been associated with, and

contribute to having a high BMRotimi et al, 1995.

2.1.3 Health €effects of Obesity

Epidemiological studies have shown that obesity is linked diseases such as
inflammation, cardiovascular diseases, metabolic syndrome, and various forms of cancers
(Hruby et al, 2016).A study on chronic lowgrade inflammation revealed an association
of obesity and diseases suchT&DM, hypertension, and metabolic syndrofiratiaz et

al., 2012, althoughsocial habits, like smoking, could alsconfound theinflammatory
state (Imtiazet al, 2012). In obesity, oxidative stress, inflammation and insulin resistance
are the principal offendem@ssociated with obesity complicatio#scaet al, 2014).

High blood pressure and high fasting plasma glucose are leading risk facto@nor
communicablediseases worldwide and are in pasdsociated withobesity (Akarole
Anthonyet al, 2014). When these conditions occur concurrently with obesity they worsen
the outcome by increasing the morbidity and mortality associatedtwhllediranet al,
2012). The global disease burden attributable to high-boals index increasdtbm 52
million in 1990 to 94 million in 2010, with an estimated 3.4 million annual deaths

attributable to high BM({Finucaneet al, 2014).

The world health organisation reported the burden of overweight and obesity on non

communicable diseas@xcluding diabetes mellitus (44%), ischaemic heart disea$é)(23
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and some malignancies (741%) (Idung et al, 2014).In developing countriesncluding
subSaharan Africa, there is a significant risetype 2 diabetes mellitusTRDM), in
proportionto increase inobesity(Enanget al, 2014. In addition increase irpopulation
growth, improved life expectancy, physical inactivity and urbanisadien significanty
contributed torise in T2DM (Enanget al, 2014) and metabolic syndrome (a cluster of
related metabolic abnormalities, including central obesity, hypertension, dssfipal
hypergly@emia, and insulin resistanc@rikantharet al, 2019. Altered metabolic profile
and changes in the structure and function of the cardiovascular system are suggested to be
responsible for some of the morbidities seen in obesity (Adedaghh 2014). Changes in
serum concentrations of triglycerides (TGs), total cholesterol (TC),- hdgnsity
lipoprotein cholesterol (HDL), and ledensity lipoprotein cholesterol (LDL) are observed
in obesty (Nwaiwu and lbe, 2015)Obesity is also involved with dysregulation of

secretionn adipokinegNakanishiet al,, 2016).

Obesity also induces changes in skeletal muscles, adipose tissue and the liver. These
changes result in localised inflammation and insulin resistance (IR) through autocrine and
paracrine signalling. Changes in adipose tissue, which may occur asltaofeobesity

results in increased secretion of finflammatory cytokines (Figure 2.1). In the target
tissues, interactions between hormonal signals may contribute Thikkmay occukhen

obesity induce arnimbalance in secretion of pinoflammatory and antinflammatory
cytokines such as adiponectifhe net effects of these changa® systemic inflammation

and IR(De Luca and Olefsky, 2008Figure 2.2)
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Figure 2.1 Obesity-linked changes in adipose tissue composition
Adapted from Nakamuret al. (2014)
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2.2 Adipose Tissue as an Endocrine Organ
Adipose tissue is composed of mature differentiated adipocytes, and also contains other
cell types including endothelial cells, nerve cellmonocytes, macrophages, and
undifferentiated adipose cells (Exley al, 2014).Adipose tissue is the largest endocrine
organ in the body, as it secretes hundreds of hormones and cytokines (Smitka and
Mar egov§, 2015) , wh i ¢ h phgsiolegicdlly to madulateverergy a c t o
metabolism, and other fahons such as aninflammation antratherogenic, and even
immune respons@Parimisettyet al,2016).Fat tissue constantly communicates with other
tissues bytheseadipocytereleased secretagegs (cytokines) most important for weight

control among these are leptin and adiponectin (AltabaZgn@&-Ro § k vi [ , 2015) .

Cytokines(also known as adipokinesye bioactive substances that are now known to be
synthesized and secreted by adipocytes, which were originally deemed to be dormant
tissues for energy storage and mechanical and heat insul&ioni (t ka and Mar ¢
2015). Adipokines patrticipate in the regulation of glucose and lipid metabolism, energy
homeostasis, feeding behaviour, insulin sensitivity, inflammation, immunity, adipogenesis,

vascular function or co®Xpul ation (Smitka a

Adipose tissue anliver arethetwo main organs ofhe body that can store large quantities

of fat (Jaleelet al, 200§. The major function of the adipose tissue, besides providing heat
insulation for the body is storage of triglycerides until they are needed to provide energy
elsewhere in the bodyCohen and Spiegelman, 2Ql61owever, recent studies have
establishedhat they also function aandocrine glansiby producing some hormones and

proteins collectively alled adipokinegKojima et al, 1999 Parimisettyet al, 2019.
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Figure 2.2 Obesity and the deelopment of inflammation and insulin resistance

(Adapted fromDe Luca and Olefsky, 2008

IR = Insulin resistance; FFA = free fatty acids; ER = Endoplasmic reticulum
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2.3 Adiponectin
Adiponectin isone of the adipokines which is secreted by adifscit functions mainly
in regulation of energy homeostasis by controlling how the body uses sugars and fats from
ingested food (Jaleet al, 2006 Li et al, 2009. Adiponectin potently modulates energy
metabolism by affectingglucose and lipid metabbeim by inhibiting hepatic
gluconeogenesis (Wang and Scherer, 2016) thereby reducing hepatic glucose output, and
decreasindree fatty acids by increasing theaxidation (Stepieret al, 2012). Adiponectin
enhances t he f uncells byaonprovimg thep survical, aneilsoi reducds
insulin resistance. In the brain, adiponectin is involved in mediating weight loss (Altabas

and ZRoatlkiviii, 2015) .

2.3.1 AdiponectinPhysiology

Biology and structure

Adiponectin isa 30 kilodalton polypeptide Wi a G terminal globular domain that is
similar to tumour necrosis facttt ( FJUNFaleelet al, 2006) Adiponectin is secreted
from adipocytes, predominantly by white adipose tissue, and enters directly into the
bloodstream. It can exist as fldéingh form, or as a smaller globular fragment (Nigto

al., 2014); almost all adiponectin appears to exist as the full length form in the plasma
(Kadowaki and Yamauchi, 20p5vhere it forms a wide range of multimer complexes, and
combines via itgollagen domain to create three major oligomeric fornh@w molecular
weight (LMW) trimer, middle molecular weight (MMW) hexamer, and high molecular
weight (HMW) adiponectin, most potently activates AMP king&amauchi and

Kadowaki, 2013

These varying forms of adiponectin lealveen reported to show different interactions with
adiponectin receptors and exhibit diverse biological eff@dimabouadeaet al, 2013. For

example, the Icadherin receptor confers binding of hexameric and HMW multimers, but
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not trimeric adiponectin (Shehzaat al, 2012; Ruan and Dong, 2016). Likewise, the
HMW adiponectin is observed to be the more active form of the protein, and has a more
relevant role m insulin sensitivity and in protecting against diabetes (Yamauchi and
Kadowaki, 2013). In fact, the HMW form of adiponectin is suggested to be an important
marker for metabolic pathologies; low amounts of HMW oligomers have been found to
represent an irependent risk factor for obesitglated diseases (Nigret al, 2014); a
decrease in levels of the HMW isoform correlates more closely with insulin resistance and
metabolic dysfunction than any of the other isoforms (Duggant, 2013). Consequently,

a ratio of HMW to total adiponectin has been proposed to be more useful than total
adiponectin in risk assessment of several diseases, including obesity, insulin resistance,

T2DM, cardiovascular diseases, and metabolic syndrome (Rligrlg 2014).

Receptaos

Adiponectin exerts multiple biological effects throughout the body (Sheétzald 2012).

The effects are mediated via some specific receptors, the discovery of which has aided a
fundamental understanding of the actions of adiponectin, and their ofuysal
significance(Yamauchi and Kadowaki, 2013bThese receptors are AdipoR1, AdipoR2,

and more recently, -€Eadherin receptors (Shehzatlal, 2012). AdipoR1 is abundantly
expressed in skeletal muscles, and has a high affinity for the globular form of adiponectin,
but loweral affinity for the full length adiponectirfKadowakiet al, 2007); Shehzacet

al., 2012).

Metabolic functions of adiponectin on carbohydratel dipid metabolism in skeletal
muscles and liver are mediated via adenosine monophosptiatated kinase (AMPK)
and peroxisome proliferatactivated recepted ( P-B A R a c(Yoorvet 4dl,y2009.

This action is first mediated byirgling to adiponectin receptor, which incred@ARU
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activity, thatstimulates glucose uptake and fatty acid oxidation in the myo€yssauchi

and Kadowaki, 2008

Secretion

Adiponectin, aprotein recently discovered to be secreted by adipose (k&ljsna et al,
1999; Stepienet al, 2012 is, in fact, considered to be exclusively secretedthmsy
adipocytes(Wang and Scherer, 20L6The level of adiponectin in the body has a wide
range of 3- 30 ng/ml (Wanget al, 2007). This could also differ according toe
physiological and pablogical conditions. Factors that could affect adiponectin level
include gender and ethnicifruger et al, 201J), certain diseased conditignsuch as

T2DM, which may lower adiponectin concentration in the b@dgjamet al, 2014.

Adiponectin has éen associated with oth&ctors.A strong correlatiorwas found with
thyroid hormones, in which higher adiponectin lewstsreported in hyperthyroid states
than normoactive thyroid statéChen et al, 201§. Also, just like many hormones,
adiponectin levels may differ amongst ethnic groups. Chinese have been found to have a
significanty higher adiponectin levetompared to other ethnic groups (Nayeik al,

2012). Kharet al (2012)also reported a higher level of adiponectin (both total and HMW
adiponectin) in Caucasian women, when compared to African Americans, Chinese and
Japanese women Adiponectin levelarealsofound to be generally lower among blacks
and Hispanics and amorggher various vascular risk factors, and higher with older age
(Gardeneret al, 2013) and ethnic grougKrugeret al, 2011). The association between
body massand adiponectivariesacross racethnic groupsDifferences in adipose tissue
distribution may play a role in this variation, as subcutaneous and visceral aibpose
havedifferent secretory profiles for adiponec{iBidulescuet al, 2013) Howeve, reasons

for the raceethnic differences in adiponectin remains poorly understood (Kaa.,

2012).
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Furthermore, previoudwdies havebservedyender differences in the circulating levels of
adiponectin. Femalegenerally havéigher plasma adipontc level than males in humans
(Nayaket al, 2012) but other studies reported lower adiponectin in women compared with
men @Bidulescuet al, 2013) This finding suggests that sex hormones play a role in the
production of adiponectin, although it m®t clear how the hormoneare involved inits
regulation (Yamauchi and Kadowaki, 2@),3even thoughestosterone has been found to

lower adiponectin level through an unclear mechar{Shenet al., 2016)

Role of adiponectiim the body
Adiponectin has miti-directional biological actionslt plays major roles in energy

homeostasis, irdimmation and cell proliferation:

a. Energy homeostasis:
The role ofadiponectin irenergy homeostasisdalude promotion of hepatic insulin actions
and suppression of fattyiddnflux into the liver;promotion of glucose uptake in the liver

and skeletal muscleand ncreasindatty acid oxidation (Singlat al, 2010).

b. Inflammation
Previous studies have demonstrated the role of adiponectin in inflammatiammation
is chaacterized by infiltration of macrophages, and release ofrfl@ammtory cytokines
such agumour necrosis factaalpha (TNFU) an d  i6r(lt-8).rAhtignilammatory
function of adiponectinis to inhibit molecular expressiofiNF-Uand IL-6, which may be
achieved by causing increase inl0. In addition, a@iponectin expression and release
reduced by an increase in the concentratiothe$einflammatory mediator§TNF-U a n d

IL-6) (Singlaet al., 2010).
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Also, adiponectin could contribute to decreased release ehfieonmatory cytokines by
decreamg activation and proliferatioof T-cells, and inhibition of phagocytosis oxidation

burst (Singleet al., 2010).

c. Cell proliferation
Adiponectin modulates cell cycle to inhibit proliferation in cancer cells (Shresthaa,
2015). Specifically, it has been observed to interact with sevgn@ith factors to inhibit
cell proliferation in esophageal adenocarcinoma (Wehgl, 2017). Adiponectin also

enhance haematopoietic cells recovery in wanhbone marrow (Masamoat al, 2017).

2.3.2 PhysiologicalFunctions of Adiponectin

Adiponectin performs many physiological functions, which mostly involve metabolic
actions such as energy metabolism (Yamawathal, 2001), reduction in the butdp of
cholesterol in the arteries, aatiherogers (Okamotoet al, 2002; Meier and Gressner,
2004), and it reduces inflammation (Nigeo al, 2014).0Other ghysiological functions of

adiponectin include the following:

1. Enhance insulin sensitivity
Adiponectin promotes insulin sensitivity. Studies have shen that mice lacking
adiponectinexhibit severeinsulin resistant(Moyce et al, 2017) thus portraying the
insulin-sensitizing effecbf adiponectin. This effect imainly observedn organs that are
targeted by insulin, such as the liver, adipose tisswk skeletal muscles (Verdig al,

2015).

2. Increase lipid metabolism
High adiponectin levels are founditcrease concentrations of Hy activatingPPAR
Ugene, which enhances metabolism of HDL (Cettel, 2005), thereby improving fatty

acid utilization in muscles (Yamaucht al, 2003).Low adiponectin concentratiorzsse
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associateavith low concentrations of highensity lipoprotein cholesterol (L) and high
concentrations ofriglyceride (TG)(Gardeneret al., 2013), which are predictive of the

onset ofT2DM (Nayaket al., 2012).

2.3.3Adiponectin and Obesity

Unlike other adipokines, plasma concentration of adiponectin is inversely correlated wit
body massReports from various parts of the world suggest that the concentration of
adiponectin is decreased in obegitjicks et al, 2007 Najamet al, 2019, but increased

after successful weighoss (Nigroet al, 2014).There is &pansion of adipose cells in
obesity,and thisresults in oxidative stress and inflammation (Yamauchi and Kadowaki,
2013%; Nigro et al, 2014),as well asdysregulated secretioof adiponectin (Sikarwaet

al., 2016).Increasing obesity and adiposity may affect the relationship of adiponectin
concentrations with serum lipid profile by decreasing adiponectin level, consequently
lowering HDL and increasing TG, markers of inflammatioatherosclerosis, and

endothelial function (Nayaé&t al, 2012).

2.3.4Adiponectin and other Obesity-related Disorders

Adiponectin has been associated with various disorders, especially those of metabolic
origin (Najamet al, 2014). Reduction of adipectin in circulation plays a central role in
obesitylinked diseases such as insula@sistance, T2DM (Hotta et al, 2002,
atherosclerosigDesseinet al, 2014, and even various forms of cancer (Yamauchi and
Kadowaki, 2013a)The evidence of an association between adiponectin and metabolic and
cardiovascular complicatns of obesity is growing all the time, and is especially observed
through antinflammatory and antiartherogenic properties of adiponectin (Ukkola and
Santaniemi, 2002)Adiponectin exerts most of its metabolic effects by increasing tissue fat
oxidation, leading to a reduced level of fatty acids and tissue triglyceride content

(Yamauchiet al, 2001). Adiponectin plays a vital role in protecting against various
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conditions. Investigators (Najaet al, 2014; EbrahimMamaeghaniet al, 2015) have
reported e deleterious effects, associated withv ladiponectin level in the body.
However, Huanget al (2016) associated the risk of incident falls among middkd and

older women, to increased adiponectin lelreladdition, serotonin, which has been termed

as the d6édnaturebdbs own appetite suppressant,
obesity(Parket al, 2015, where it is observed to decrease the leveldiponectin in the

body(Ohet al, 2015.

a. Intype 2 diabetes mellitus
Chearskulet al (2015) investigated the influence of increased BMI on cardiometabolic
risk factors on a Thai population. They observed more incidences of hypertension and high
TG on obese subjects who also had T2DM when compared witlolyese subjects. The
study also found low HDL and adiponectin within the o0bERBBM group, suggesting an
oveaall cardiometabolic risk in T2DM patients partly due to lowered adiponectin

(Chearskukt al, 2015).

Furthermore, dw maternal serum levels of adiponectin have been previously linked to
gestational diabetes mellitus (GDM), and obefRgmirezet al, 2014. Obesity, known to
lower adiponectin level, has aléeen established to complicate pregnancies, especially
when accompanied by GDM. Ramiret al (2014) investigated the levels of some
adipokines on obese Hispanic women who were in their- 28th weeks of pregnancy,
and observed that obese mothers id-pregnancy, who presented with GDM, had

significantly lower serum adiponectin compared with obese mothers who did not.

b. In metabolic syndrome
Previous studies have shown that adiponectin affects glucose and lipid metabolism by

lowering the level of trigicerides in muscles and liver of obese mice. This action
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subsequently improves insulin resistaBesdellaet al, 2011). One of such report studied

the relatimship between adiponectin levels and measures of obesity, lipids and insulin
resistance in diabetic patients from Nigeria and Ghaallleur et al, 2010. Negtive
association was found between adiponectin levels and measures of obesity, such as BMI,
waist circumference and some lipid profile parameters. Adiponectin was also found to
correlate negatively with insulin resistance and serum triglycerides, but Wad

positively associated with level of adiponectin.

Low adiponectin levels in the body have been associated with high risk of metabolic
syndrome, T2DM, and heart diseases. In essence, plasma adiponectin concentration has an
inverse relationship with adigdy (for example, waisto-hip ratio), insulin resistance,
diastolic pressure, triglyceride concentration and inflammatory mediators such as
interleukin 6 (Engeli et al, 2003 Blus et al, 2015. The lowering of adiponectin with
increase in adipose cells occurs as a result of excess fat in the body, which makes the
adipocytes grow larger, with a subsequent decrease in production of adiponectin and
consegent adverse health effects (Yamauchi and Kadowaki, 2013a). The metabolic effects
of adiponectin, which includes insulin sensitivity, may be stronger with increasing
adiposity; that is, with increasing weight. Therefore, BMI can affect adiponectin ldvels.
study on human adiponectin has suggested that low plasma adiponectin concentration is
associated with T2DM in obese and morbidly obese, but not in lean persons, @ialak

2012).

c. Endothelial dysfunctioand cardiovascular disease
Relationships betwee circulating adiponectin level and various cardiometabolic
comorbidities have well been documented @dal, 2014; Najanet al, 2014; Huiet al,
2016; Ruan and Dong, 2016). It is worthy to note that relationship exists between obesity

and hypertensignand is linked to factors, such as endothelial dysfunction and an
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anomalous production of adipokines (Nigrioal, 2014). Increased level of free fatty acids

is known to contribute to endothelial dysfunction, but adiponectin decreases fatty acids
(Nigro et al, 2014). Reports from previous studies suggest that low adiponectin level is
involved in increased risk for endothelial dysfunction (Wahgl, 2016).For example, a
recent study observed significantly higher prevalence of candiabolic comorbildies in
research participants who had low adiponectin levels (Claaral, 2015). Such co

morbid conditions include low HDL, high BMI and TG.

Low HDL concentration has been associated with increased risk for cardiovascular disease
(Holven et al, 2013. Adiponectin is hypothesized to physiologically regulate HDL

concentration by reducing its cataboligizadiet al, 2013).

2.4Ghrelin
2.4.1 Formation of Ghrelin
The human ghrelin gene is found on chromosome 3, and subsequent transcription and

transloation lead to the initial formation of preproghrelin is as follows:

Proghreline— Proghreﬁn%Ghrelin

Figure 2.3 Formation of Ghrelin

GOAT= ghrelinO-acyHtransferase.

At an unknown stage in its procasgj ghrelin is acylated to form aeghrelin, which is
believed to be the active form that stimulates the ghrelin receptors, called the-growth
hormone secretagogue recepiar (GHSR1a) (Toshinaiet al, 2006). Majority of acyl
ghrelin is produced by X/Aike cells in the gastric oxyntic mucosa (Daeal, 2000;
Sakata et al., 2002). Ghrelin is initially thought to be the natural ligand for the GHSR,

actually discovered before ghrelin (Sattv al, 2014); however, recent studies have
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confirmed ghrelin ag hormone. Ghrelin functions as a regulator of energy homeostasis.
Studies in mice have revealed that total circulating ghrelin initially decreased as much as
80% following gastrectomy (Leonetét al, 2003), ascertaining that the main site of
productionof ghrelin is the stomach. Other sources of ghrelin include the small intestine,

pancreas, pituitary, brain, and kidney (Ueberlegrgl., 2009; Castaned# al, 2010).

2.4.2Secretion of Ghrelin

Gherlin secretion follows a circadian rhythm (Fonken aredsbh, 2014). It rises from
midnight to dawn in small frame people. Studies have shown that ghrelin is increased by
lack of sleep, even though it decreases leptin, which is the satiety hormone that signals to
stop eating. Therefore, short sleep duratiory mlao lead to obesity through an increase in
appetite via hormonal changes (Cappuetial, 2008). The rise in ghrelin level and fall in

leptin, has a resultant effect of producing hunger, and probably abesity

2.4.3Physiological Functionsof Ghrelin

Ghrelin, initially discovered in 1999 by Kojima and colleagues, is-arg@&o acid protein.

It is mainly produced in the stomach by the XKe cells of the fundus, and it serves a
key regulatory function in energy homeostasis, satiety and meal termi(tatijoma et al.,
1999; Mishraet al, 2016).Ghrelin promotes energy conservation by regulating appetite
and energy expenditure (Zigmat al, 2016). Circulating ghrelin exists in two major
forms: more than 90% as desacyl ghrelin, and less than 10% laghaelyn (Delporte,
2013. The acyl group of ghrelin is essential for binding to its receptor, called the growth
hormone secretagogue receptor (GHSR), @ndssential for its actions (Verhulst and
Depoortere, 2012; Satet al, 2014). Ghrelin is a muHunctional hormonehat exhibits
various functions in the bodyTéble 2.2). These actions of ghrelin include appetite
stimulation and antinflammatory pr@erties, which are elicited by the acylated fasit

is the formwhich can bind to the ghrelin receptor (Jeffatyal, 2011). Ghrelin is the first
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circulating hormone, demonstrated to stimulate food intake in (RarezTilve et al,

2011).

Ghrelin levels are found to predict quality of life in obese worflan et al, 2019,
thereforeits concentrations might be a valuable markerntonitor in obese women.
Ghrelin possess receptors in the brain and performs somexatdtive functions in the
brain, as demonstrated in @dy, where hypoxianduced oxidative stress wasiteed by
ghrelin administratioOmrani et al, 2015). Ghrelin administration was also found
reduce oxidative stress in colorectal cancer cells by increasing activitatatdse CAT)
(Buldak et al, 2015).Therefore, administered ghrelin may reduce oxidative stress in the
blood and in the brain, through the mechanism of decreasing lipid peroxidattn

increasing activities of antioxidant enzymes.

Effect of ghrelin on glucose

Ghrelin increases btal glucose by lowering insulin level, while also raising glucagon
levels(Uchidaet al, 2014. Previous studies suggest that endogenous ghrelin signalling is
important for feeding and regulation of blood glucose. When the endogenous ghrelin
system is altered, normal glucose utilisation is affected. A study conducted by McFarlane
et al. (2014) in mice that lackegitherghrelin, ghelin-O-acyttransferase (GOAT)or the
receptor itself, GHSRA life-threatening hypoglycaemisas observeth the animals after

a 7-day caloric restrictionput was not demonstrated in the control miGOAT is an
enzymewhich is responsible for acylatioof ghrelin, while GSHR is thergwth hormone
secretagogue receptor for ghreflinis suggests that an intact ghrelin system is required for

glucose homeostasis.
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Table 2.2 Physiological actions of ghrelin

Organ Tissue Action Organ Tissue Action
Intestine Alncrease motility Heart A Decrease blood
Alncreaseacid pressure
secretion A Increase cardiac
output
Pancreas AModulation of Reproductive A Modulation of
endocrine and Organs reproductive
exocrine pancreatic functions
secretions
Brain Alncrease appetite Bone A Increase osteoblast
Alncrease food intake differentiation
Alncrease GH, £TH A Increase bone
and PRL mineral density
Liver Alncrease Tissue cells A Decrease
gluconeogenesis inflammation
Alncrease fatty acid A Modulation of cell
synthesis proliferation and
apoptosis
Adipose Alncrease trityceride
Tissue synthesis

Alncrease adipogenesi
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Anti-oxidant Effects

Ghrelin also hasantioxidant propertie€Shimadaet al, 2014). The antioxidant properties

of ghrelin have been recently reported in several studies on different tissues and animals. A
studyconducted to investigate the protective properties of ghrelin on liver of diabetic rats,
reported that ghrelin administration improved higathologic changes in the diabetic
liver, and the response of antioxidants, including levels of GSH, CATS&1id activities

were altered when ghrelin was administered to diabetic(Kaguturk et al, 2015).In
addition, the study of Buldak et al. (2019, on the effe¢ of ghrelin administration on
colorectal cancer cellnes showed thatits administration alone causes a rsfggant
decrease in ROS levalue to an increased activity of catalase in the cancer cells. The
study aso demonstrated decreased lesemalondaldehydeas well. These findingsnay

suggest a posdidrolefor ghrelin as a therapeutic agent (Koyutatlal, 2015).

The possible antioxidant effect of ghrelin on testiswistar ratsfollowing a 10 days
ghrelin administration was reported by Kharahdet al (2009) Glutathione peroxidase
wassignificantly increasedVIDA was decreased buob significant differences in SOD and
CAT activities between the groupkhe result of this study indicates for the novel evidence
for antioxidant propertyof ghrelin in the rat. Similarly,it significantly increasd the
activity of SODdecreasedhe level of MDA in the rat ovaryfKheradmancet al, 2010Q.
Furthermore, Ghrelin was found to reduce neuronal dedteitbrain during seizures, by
preventing lipid peroxidation in erythrocytes and inhibiting the depletion of antioxidant

enzymegObayet al, 2008.

Antioxidant effect of ghrelin was further demonstrated in the study of Alamtal
(2014),0n paraetamolinduced hepatotoxicityni rats. High level of oxidative stress was
observed in liver tissues that were treated with parax#{ao which pretreatment with

ghrelinsignificantly reduced the oxidative damage.
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Role of ghrelin in energy / food intake

Ghrelin participates in regulating the complex process of energy homeostasis, which
involves both energy input (by adjusting hunggnals), and energy output. Regulation of
energy output occurs by adjusting the proportion of energy that will go to adenosine
triphosphate, ATP, production, fat storage, glycogen storage, andtetmorheat loss
(O'Connoret al, 2019. The araate nucleus in the hypothalamus appears to be the main
site of action of ghrelin on food intake; although ghrelin administration into other
hypothalamic sites, including the paraventricular nucleus and lateral hypothalamus, and
northypothalamic sites, sbicas the hindbrain also promote positive energy balance
(Nogueiraset al, 2010). The physiological mechanismgich are concerned with
regulation of food intake are compleand it involvesgastric disensions and nutrients
stimulaterelease of a varietgf hormones from enterendocrine cells throughout the gut
and pancrea@Bewick, 2012. The hormonect on the hypothalamus to relgte appetite
(Bewick, 2012). Ghrelin induces food intake by stimulating neural pathwhythe
hypothalamus and the hixmtain (Perezlilve et al, 2011), mainly through the gbtain

axis, which plays a major role in the regulation of food intake (lssmhMalkova, 2016).

This is illustratedn the diagram below (Figure 2:3

Mechanisms of energy balance have been widely studied by scientists in order to achieve
better understanding on how to treat or prevent the incidence of obesity and its associated
co-morbid conditions(Feijoo-Bandin et al, 2015. Some of the recently studied areas

include gut hormones (Francesetial, 2014).
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Figure 2.3 Gut-brain axis regulation of food intake (Source: Bewick, 2012)

PVN - paraventricular nucleus, PY~petide, ARC- arcuate nucleus,
GLP - glucagonlike peptide, NYR neuropeptide Y, AgRPagouttrelatedpeptide,

POMG pro-opiomelanocortin nucleus.
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Ghrelin and Food Intake
When food is ingested, the nutrients stimulate release of a variety of hormones from
entereendocrine cellshroughout the gut and pancredbkese hormones have the potential

to modulate food intake.

Meal ingestion results in gastric distension and production of peptide hormones by entero
endocrine cells, both of which promote a feeling of satiety, and a desire to stop eating
(Lean and Malkova2016. Peptides that are released from multiple sites in the gut in
response to ingested food, and arcuate nucleus are involved in the immediate need for food
intake (Kontureket al, 2004). The arcuate nucleus coordinates the homeostatic process
concened with food intake. It contains groups of gparmone receptors, and also has two
distinct populations of neurones that are responsible for appetite regulation; the pro
opiomelanocortin (POMC) appetitehibiting neurones, and the neuropeptdgNPY)

and agoutirelated peptide (AgRP) appetséimulating neuronegPerez Tilve et al,

2017).

The neuropeptideY (NPY) and agouttrelated peptide(AgRP) nerones modulate
melanocortin receptor to stimulate food intake. Signals from the periphery cause changes
in the relative activity of the neuronal populations and the release of their respective
neuropeptides. The released peptides subsequently influence feeding behaviour and energy
expenditure (Perry and Wang, 2012). Ghrelin stimulates the arcuate nuclezleatse

NPY andAgRP, which act through the paraventricular nucleus, causing a decrease in the
membrane excitability of POMC neurones that secrete melanocortin receptor agonist, the
Umelanocytestimulating hormone (MSHJ) . -WMISKH uppresses food
therefore, dcrease membrane excitability of neurones that cause its releaseTiRerez

al., 2011).
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The gutbrain axis is the physiological driver of satiation in humans, its continuing role in
regulation of food intake and maintenance of body weight is suppbsteal body of
evidence (Lean and Malkova, 2016). For example, mice that lack both NPY and AgRP do
not increase their food intake, when administered with ghrelin, and administration of
neutralizing antibodies or antagonists of both NPY and AgRP bluntearthegenic
effects of ghrelinKim et al, 2014. Likewise, ghrelin does natimulate food intake in

mice that lack melanocortin receptors; therefore, NPY and AgRP are mediators of the

orexigenic effect of circulating ghrelin via inhilmti of melanocortin signalling.

2.4.4Role of Ghrelin in Pathophysiology of Obesity
It is adocumented fact that ghrelin stimulates food intake, and also aids in sensing the
palatability of food. High ghrelin in circulation means more food ingestion, but low

ghrelin levels are usually found in obese individyMarzullo et al, 2004.

Total plasma ghrelin and its associations with food intake, hedonic eating, and stress are
decreased in obesity. This provides evidence to support the theory tnat Esistance to
ghrelin develops in obesity, and the function of ghrelin in the regulation of appetite may
have evolved to prevent starvation during food scaf@tyggs et al, 2013) rather than

cope with modern food excess. Furthermore, ghrelinss@ated with metabolic and
cardiovascular health, and may have-aging effects, but these effects may be attenuated

in obesity. In addition, serum ghrelin levels are inversely related to adipose tissue mass

(Sondergaaretal., 2009.

The physiological function of ghrelin in stimulating appetite may be used to develop a
therapy for obesitylts sensitivity is found to be more pronounced in obese individuals
than in normal weight people, thereby targeting inhibition autating ghrelin as a useful

therapeutic means of treating obesity (Hepper and Tong, 2014).

33



Over the past thirty yearsjastrointestinal GIT) hormones have been increasingly
understood to play an important role as a regulator of appetite and energyehbalabese
individuals (Trokeet al, 2014). It is now partially clear that gut hormones play a role in
the regulation of body weight (Francesehial , 2014) . Ghrelin, as
fits with the notion of homeostatic control of body weidghgh circulating ghrelin in lean
individuals favours increased food intake and positive energy balance. Weight loss,
however, in obese people, result in an elevation of ghrelin level, which may contribute to
the difficulty in maintaining ideal weight afteveight loss (Brigg®t al, 2013; McFarlane

et al, 2014). Ghrelin sensitivity has also been found more pronounced in obese individuals
than in normal weight people, thereby targeting the inhibition of circulating ghrelin as a
useful therapeutic means afeating obesity(Longo et al, 201). Nonetheless, the
mechanism is still nclear (Hepper and Tong, 2014h addition, there is usually a
physiological suppregs of ghrelin which occurs after meals, but the process is abated in

obesity(Khatib et al, 2015 Mihalache et al, 2019.

2.4.5Ghrelin and Gastrectomy

Decrease in ghrelin level occurs after obesity surgery. This is a proposed mechanism
involved in induction of sustained weight loss in bariatric surgery when compared with
diet induced weight loss. In batric surgery, there is a decrease in ghrelin secretion,
which is accompanied by an increased level of peptide YY (PYY). The resulting effect is
suppression in appetite and amplified feeling of satiety (Karetadil, 2013). Therefore,
surgery procedureeduce weight, at least in part, by suppressing ghrelin production and

its appetitestimulating effects.

The mechanism by which gastric bypass leads to a reduction in ghrelin levels is still not
fully understood, although it has been suggested that aapenmthabsence of food in the

stomach, which results from gastric bypass, could cause a continuous stimulatory signal
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that ultimately suppresses ghrelin production through a process of overriding inhibition
(Cummingset al, 2004). In sleeve gastrectomy,reln levels are greatly suppressed
probably due to resection of the gastric fundus, which is the most important site of ghrelin

production in humans (Kotidist al, 2006).

2.4.6Therapeutic use of Girelin

People who lose weight by dieting usually finddifficult to maintain a healthy weight;
there seem to be a rebound weight gain afterwards. This may be explained as a result of
obesity, possibly affecting hypothalamic circuits that regulate appetite and this impact a
rebound weight gain after weight fofKarraet al, 2013.This phenomenon is especially
seen in dietinduced obesity. Therefore, antagonism of the ghrelin system immediately
after dietinduced weajht loss may provide protection from rebound weight gain that is
usually seen in people who lose weight by dieting. On the other hand, inhibition of the
ghrelin system by pharmacological antagonism of ghrelkac@transferase, an aeyl
ghrelini specific naitralizing antibody, GHSR antagonism, or ghrelin vaccination to reduce
acute weight gain, may also induce negative side effects on numerous-gégalated
behaviours, such as neuroprotection, learning, memory, and motivation (Chen and Enriori,

2015).

2.5 Oxidative Stress in (besity
2.5.10xidative stress
The human body has a natural cellular antioxidant defence system that is present, and is
sufficient to reduce, remove and repair oxidative damage @0w3). However, chronic
oxidative stress, which ctiresult from increased production of psgidants overwhelms
this system; that is, when free radical formation is greatly increased or the protective
antioxidant mechanisms are compromised (Bresaamil, 2015).In addition, oxidative

stress is an expssion used to describe various deleterious processes, resulting from an
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imbalance between the excessive formation of ROS and limited antioxidant defences

(Kandolaet al.,, 2015).

Oxidant stress plays a crucial role in the aetiology ahyndiseases, indaling obesity
(Sfaret al, 2013). Higher levels of oxidative stress biomarkers have been found in obese
individuals(Pivaet al.,, 2013) Furthermorethe complications of obesity may be as a result

of oxidative stresgHabibet al, 2015. In obesity, there is chronic state of oxidative stress
and lowgrade inflammation(Patel et al, 2007). One proposed mechanism by which
obesity produces oxidative stress is thiougitochondrial and peroxisomal oxidation of
fatty acids, which can generate reactive oxygen species (R@2&)ndialdehyde (MDA),

a lipid peroxidation end product, is increased in obesity and insulin resigtaag®la
Robleset al, 2013). Whilst smallfluctuations in the steaestate concentration of these
oxidants may actually play a role in intracellular signallingcontrolled increaskead to

free radical mediated chain reactions which indiscriminately target proteins, lipids,
polysaccharides andNA (Turrens, 2008 Oxidative stress may be the unifying
mechanism underlying the development of comorbiditieshesity. Evidene suggesta
clustering of sources of oxidative stress exists in obesity: hyperglycemia, hyperleptinemia,
increased tissue lipid levels, inadequate antioxidant defenses, increased rates of free radical
formation, enzymatic sources within the endotheliung, @monic inflammatior{Lay and

Simard, 2014; Marsegliet al, 2014).

Reactive oxygen species are generated under physiological conditions during aerobic
metabolism(Zorov et al, 2014). A highly reactive superoxide free radical is generated as
a toxic metabolite in a wide range of normal biological reactions that reduce oxygen.
Superoxide dismutase (SOD), which is present in all cells, catalyses the conversion of

superoxide to oxygen and hydrogen peroxide (Equation 1):
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superoxide dismutase

\

Superoxida » Oz + HO, (Equation 1)

Equation 1: Conversion of superoxide to peroxide.

The deleterious effects of ROS are prevented by severtdctix@ biomolecules called

antioxidantgresent irthe body. These include

i. Enzymes superoxide dismutasgsOD); catalase(CAT); glutathione peroxidase,
(GPx).
ii. Waters ol ubl e mol ecul es such as -+ptopheralt hi on

(vitamin E)  a-nadoterfie (Albuali, 2014).

These antioxidants convert superoxide radicals) (@to peroxide (HO,), and finally

convert the peroxide into water by a second antioxidant enzyme (Equation 2):

Superoxidedismutase catahse
Superoxidem——) O, + HyO, w—) H,0 (Equation 2)

Equation 2 Conversion of ROS to water.

Obesity is a state of energy imbalance, and by inference, a state afutiieon. Ower-
nutrition causes stress in endothelial reticulum, as well as mitoaghondhin the cell
(Frohnertet al, 2014). This results in increased production of superoxide anions, which
gives rise to oxidative stress. Oxidative stress results from an imbdiatween reactive
species and antioxidant enzymes (Brescamal., 2015), and it plays critical roles in the

pathogenesis of various diseasash asT2DM.
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Antioxidants function by converting superoxide radicals into harmless substances such as
oxygen ad water (Sfaet al, 2013). Glutathione, for example, protettie body organs
against damagdy reactive species either directly as an antioxidant; or indirectly by
maintaining other cellular artixidants (Habiket al, 2015). Antioxidant enzyme actii@s

were investigated in obese children of both genders in Tunisia. The SOD activity was
observed to be increased in obesere than norobese children. The same study also
reported a gender disparity in SOD activity, where it increases more in obesesfémaa

males. However, the activity showedan insignificant difference between the obese and

nonobeseof both genders (Sfat al, 2013).

Mitochondrial dysfunction has been suggested to promote increased production of
superoxide radicals. This mainlycaurs during mitochondrial respiration, where
superoxide radicals are produced as aptmduct of reactions between oxygen and
electrons passing through the electron transport ¢&ainz, 2016 Chronic ovemutrition

in adipose tissue showethcreased stress within the endoplasmic retimyluand
mitochondria This results in deterioration in efficacy of oxygen consumption, which
subsequently leads to production safperoxide anions (Frohnert and Bernlob©14).

Body systems that havealaned oxidant/antioxidant functiometabolize the superme

anion to peroxide, which iinally decomposed to oxygen and water (Sfaral, 2013,

Frohnert and Bernlohr, 2014).

Erergy imbalance existin obesity Mitochondria are involved with energy metabolism
and generabn of reactive species, which are toxic-psoducts of respirationWhen in
excess, reactive species result in damage to é&dlshanisns which can cause excess
reactive species include thmocessingof free fatty acidsproduced by hydrolysis of

triglycerides in adipose tissyEabibet al, 2015)
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An excess of adipose tissue is also a good source of inflammatory cytokines sudh as IL
and TNFU , a n dy isacdnsidered a chronic inflammatory st@&uliburskaet al,

2012.

Anothermechanism by which oxidants may cause injury is lipid peroxidation (Je@ba
2007).Lipid peroxidation is the oxidative degradation of lipids. It is the process in which
ROS act upon unsaturated fatty acids in the cell membrane, resulting in cell damage
(Frohnert and Bernlohr, 2014). The final products of this reaction (tiprdxidation) are
reactive aldehydes such as MDAFernandefSanchezet al, 201). Obesity has been
associated with enhanced lipid peroxidation (Hadtibl, 2015), and plasma concentration

of MDA is one of the mst frequently used bimarkersof lipid peroxidation.

Lipid peroxidationcan be assessed in biological fluids as thiobarb#acid reactive
substance6TBARS). The most widely used marker of lipid peroxidatioMBA. MDA is
considered & a highly toxic molecule thabas detrimetal effeds on cell structures.
Therefore, higher levebf MDA in the body can be an indication of oxidative damage

(Joppeet al, 2007).

2.5.20xidative Stress and Obesity

Oxidative stress, occurring due to obesity, may lead to activation of macrophages in
adipocyes. This leads to inflammation, which in adipose tissue has been linked with
insulin-resistance (Frohnert and Bernlohr, 2014). Studies in mice show an increased
oxidative stress and insulinesistance in obese females, suggesting a gender variation

Inflammation and tissue injury that are involved in obeaggociated complicains are

regulated by adipokines as reportedHabibet al. (2015).

Obesity is known to complicate other diseasspecially metabolionessuch agype 2

diabetes mellitusT2DM). For example, gluc@suptake in diabetic conditiomas found to
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beimpaired by increased oxidatiy®lartinezet al, 2014. A study investigated the levels

of lipid peroxidation and antioxidant enzyme activities in diabetic patients who were
obese, in comparison to control diabetic pati¢nétwere norobese. Lipid peroxidation,
measured as TBARS, was found to be higher in the obese group than-heesergpup.
Similarly, diminished responses to activities of SOD and CAT were observed in the obese
diabetic patientsThesefindings suggest that more oxidative damage occuiiDM in

combination with obesit{GaxiolaRobleset al, 2013.

Anotherstudy investigate oxidative stress and antioxidant status in obese subjects, who
were dyslipidaemic compared to obesm+dyslipidaemic.The dyslipidaemicobese had
significantly high levels of total cholesterol, triglyceride, LDL, and lower HDL.
Glutathione peroxidase and CAT activities were significantly low in the obese group with
dyslipidaemia, compared with tm®ndyslipidaemicobesg(Ha et al, 2014. Furthermore,
increased oxidative stress in accumulated fay ive the underlying cause of dysregulation

of adipokines andevelopment of metabolic syndrome (Furukatal, 2004).

2.5.3Role of Immune Cells and Preinflammatory Cytokines

Immune cells, such as mack@ges, accumulate in adipocytes a result of lzesity and
related metabolic dysfunctiomhese secrete pfiaflammatory cytokines, such as tumour
necrosis factet) ( TUNF and i6r(IL-&),rwhiehliakeimpacton glucose and lipid
metabolism. Other prmflammatory cytokines can also negatively affect metabolic
pathways, responsible faorrectly storing/oxidizng glucose and lipids in tissues that are
physiological targets for insulin. These inflammatory exchanges may lead to
hyperglycaemia and dyslipidaemia, which are important parameters indicative of insulin

resistance, obesity, adf@DM (Verdile et al., 2015).
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2.5.4Antioxidants

Oxidative stress can also result fratre alteration of the antioxidant defence system,
which includes vitamins and antioxidant enzymé&atalase(CAT) is an important
antioxidant enzyme ocering endogenousiin the body. i degrades hydrogen perogid
into oxygen and water, ariths been found to be wupgulated in the presence of oxidative
stresqSchieber an€Chandel2014).Polymorphism in CAT structure have been associated

with increased oxidative stresscanbesity(Ruperezt al, 2013.

2.5.5Endothelial Dysfunction and Obesity

Oxidative stress that arises due to imbalance between oxidants aodidatits has been
proposed to contribute to endothéligysfunction in obesity. Longerm ingestion of diet

that contains high amount of fat may contribute or aggravate endothelial dysfunction in
perivascular adipose tissuk study by GitOrtegaet al (2014) showea significant rise in

the ratio between deiced glutathione to glutathione in perivascular adipose tissue of high

fat diet fed animals compared with control grobopt not in the SOD or CAT activities.

2.5.60besity and Antioxidants

Anti-oxidant enzymes are also altered, when obesity is accoetparith metabolic
syndrome and ariectomy. Obese female rats thadd metabolic syndromeyith
ovariectomy werefound to have a significant reduction in activities of antioxidant
enzymes, and an increase in lipid peroxidation (Guetral, 2014). The RS formed

during lipid peroxidation process, may result in damage to cell membranes and tissues.
Therefore, oestrogen may partially aid against oxidative damage in females with metabolic

syndrome.

41



2.6 Lipid sand Obesity

Obesity is characterised by excessdeposition of subcutaneous fat in the body. There are
two types of fats present in the body; white adipose tissue (WAT), which stores
triglycerides (TGs) that contain greater than 90% of total energy storesdCl0i2002).
Theyare broken down to pduce energy when the caloric need arises (€kzat, 2015).
Brown fat, which is mainly present in the viscersgrves as a source of inducible energy
expenditure in the form of thermogenesis (Tarantal and Berglunt, 2014). Deposition, in

excess, of thibrown fat is suggested to be responsible for abdominal obesity.

Cholesterol needsan appropriate mediunto be transported in bloothecauseit is
hydrophilic. Lipoproteins, Wich are normally present inlood, perform this function of
transporting cholestel. They exist in various classes, and the most complex class is the
high-density lipoprotein cholesteroHDL), which is composed of several sclasses that
differ in size, protein, and lipid compositigAsztaloset al, 2014, physiological functions

and pathophysiological consequesice

Changes in serum concentrations of lipids occur in obesity. The typical pattern consists of
elevated serum lowensity lipgrotein cholesterol (LDL) and TGs, and lowered high
density lipoprotein cholesterol levels (HDL) (Nayak al, 2012; Zhonget al, 2015).
These changes lipid levels @n occur, when adipose tisssenfiltrated by macrophages

as a result of inflammatio Thisresults into releasef tumournecrosis factet) ( JUN F

and interleukir6 (IL-6), which may reduce the activity of lipoprotein lipase, consequently

increasing blood lipid levels (Verdiket al, 2015).

Another study, conducted in eastern parNajeria, revealed a high incidence of abnormal
lipid profile in obese respondents, with a pattern that showed a decrease in HDL, and

elevated TC, TGs and LDL (llo&t al, 2011). In the study, low HDL was found to be the
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most frequenlipid abnormality, ad dyslipidaemia was the most prevalentroorbidity of
obesity after hypertension. Many studies have correlated an increase in lipid profile with

increase in body weight or adiposit¢hoiet al, 2002.

A study has reported an increase in lipid abnormalities in obese individuals in Tanzania
(Njelekelaet al, 2003. They found significantly higher serurotal cholesterol, TGs, and

LDL in obese subjects as compared with lean individuals. In additiepalso showea
positive relationship of increase in BMI and waist circumfeeerwith a rise in
dyslipidaemia (elevated TC, TGs and LDib) both men and womemhey also showed

that dyslipidaemia related to obesity was higher in urban dwéiarsinrural areas.

It is well-known that HDL has significant arditherogenic properties. Previous studies
have established that HDL provides protection against development of atherosclerotic heart
disease (Zhongt al, 2015). The physiological functions of HDhclude removal of free
cholesterol from macrophages in the arterial wall, and lowering of oxidized lipid species in
LDL particles. HDL also functions in the esterification of cholesterol and reverse
cholesterol transpat (Maranhao and Freitas, 2014)e@ease in HDL and increased TGs
are a characteristic of increased adiposity in the body (Netyak, 2012).Elevated level

of HDL and a decreased level of TG positively influence the cardiovascular system by
preventing atherosclerosis and acute corosgndromes, with HDL playing a major role
(Parhofer, 2015)However, the mechanism by which HDL prevents atherogenesis has not
been completelyunderstood(Zhong et al, 2015. Some studies have suggested a
mechanism through peroxisome proliferator actikatbibitor- 9 PP A( Zbtaln g

2015).

Previous studies have demonstrated that the dysregulated secretion of adipokines by

adipocytes may contribute to obes#tysociated atherosclerosis, and HDL may protect
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against atherogenesis through multipléhpaays (Zhonget al, 2015). In a study conducted

in Shanghai to explore HDL effect on the oxidized low density lipoprotein (oxLDL)
uptake in inflammatory adipocytes, which were stimulated by otemxd
lipopolysaccharide (LPS)HDL treatment decreased ethrelease ofthe inflammation

related adipokines, reduced the inhibition axidized low-density lipoprotein ExLDL)

uptake, and cause degradation which was stimulated by LPS (#taalg 2015).This

action of LPS couldbe explained by activation of thgeroxisome proliferateactivated
receptor o9 (PPAR2)/ CDS3 étals2085nHigh HDLAegelnpag t h wa y
be a preventive factor for the cardiovascular system, by clearing cholesterol from the
arterial wall (Cuchel and Rader, 2006). HDLissaid be t he &égoodd chol
gets rid of excess cholesterol by transporting them out of the blood vessels to the liver for
subsequent excretion in faeces (Lufatz and Phillips, 2010). This is done through the
reverse cholesterol transport pess, which involves interactions of HDL particles with
receptors that are present on the cell surface, and lipid transporters. The process is

mediated by aglipoproteins.

2.6.1Metabolic Syndrome

Obesity plays a central role imetabolic syndrome MS), which also includes
hyperinsulinemia/insulin resistance (IR), hypertension and dyslipidaemia @zat,
2015). The most prevalent component of MS in many investigations is high TG levels. In a
study by Ozeet al (2015), HDL level vasfound to be highein obese children than in
obese chdren without MS. Low HDL levelvasthe most significant risk factor for early

atherosclerosis in children with MS.

HDL concentration has been associated with adiponectin in obesity HDL and high
triglycerides have éen correlated withhow adiponectin concentratipand occurrence of

these two measures are predictive of the onse2bM (Ali et al,, 2014.
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2.7 Obesity andBlood Glucose
The BMI, an index of obesity, influences the level of glucose in the blood. ERlmexs
glucose is an established cause of diabetes. Many studies have observed association
between BMI and blood glucose leinocentet al, 2013).Nonetheless, this association
remains poorly understoo@o-existence of obesity with high blood sugastbeen found
to complicate or worsen the outcomes of various diseases. For example, high BMI
accompanied with elevated blood sugar increases the mortality rate of women suffering
from breast cancefMinicozzi et al, 2013. Furthermore, high BMI, female gender and
older age have been observed to significantly increase the chances of being diabetic than
normal BMI individuals in an African population, irrespective of blood pressure and

educational level (Duboet al., 2012).

Obesity, therefore, poses a risk for the devalept of T2DM and has, in fact, been termed

as a major precursor to the developmenfT@DM and several cardiovascular disease
(CVD) risk factors, including hypertension, dyslipidaemia and-ipflammatory states
(Mbanyaet al, 2015. Recent sidies have shown that in obese children some impairment

of glucose homeostasis might already be present at fasting glucose concentrations below
the threshold forimpaired fasting glucos€lFG) (Di Bonito et al, 2011. Although
prevalence of lbesityis low among rural Fulani population, it was found to be a major risk

factorfor T2DM (Sabiret al, 2013.

Family history of obesity has been significantly associated with impaired FBG
(Oluwayemi et al, 2015. A FBG of between 76 100mg/dL is considered normal.
Impaired fasting glucose (IFG) is a range between-1085mg/dL, while a value above
126 mg/dL suggests the presence of diabdteS. and IGT, are forms of metabolic
abnormalities that precede the onseT2DM (Nathanet al, 2007. The presence of these

conditions usually increases the risk of occurrence of cardiovascular episodes.
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Undergraduate studenbf 16- 30 years in a Nigerian university showed an increase in
blood glucose level with increasing BMI, for both males and females (Innetestt,
2013). The same study reported a positive correlation between blood glucose level with an

increasing agand BMI.

A study in Senegal found a significant association of gender, age and BMI, with diabetes.
Mayegaet al (2013) investigatethe prevalence of abnormal glucose regulation and its
associated risk factors amongstgmrs of 351 60 years in Ugandand observed that
pevalence of abnormal glucose regulation was twice higher among obese persons,

compared with normal weight persons.

Obesity, especially central obesity, has been associated with increased risk of developing
T2DM (Veghariet al, 2013. The changes in adipose tissue function as a result of obesity
may be responsible for this risk. Previousdsts have indicated that carthetabolic
abrormalities usually accompany obesity and ‘otxese individuals may present lesser
risks for cardiemetabolic profiles than their obese counterpaftsvever, a recent study

on Asian Indians, reported a worse canhetabolic profile in norcentrally obese
individuals with abnormal glucose regulation, than in centrally obese individuals without
dysglycaemia. Respondents with dysglycaemigh normal waist circumference had
higher systolic blood pressure, dyslipidaemia, highsiF-U and higher prevalence of
coronary artery disease (Deept al, 2014).Ali et al (2014) also reported a strong
correlation between BMI with measures of central adiposity, fat distribution, insulin
resistance and dyslipidaemia in Europeasswell.Weight loss was found to lower blood
sugar level (Nathaat al, 2007), and cause a significant rise in FBG with increasing BMI

(Ogbuet al, 20079).
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2.8Helicobacter pylai Infection
2.8.1Helicobacter pylorilnfection- microbiology
Helicobacter pylori(H. pylori) are Gramnegative bacteria which colaed the human
stomach for thousands of yeaks. pylori bacteriais one of the causes of gastritis, peptic
ulcer disease and gastric cancer (Laszewitcal, 2014). Occurrence of this infection has
been linked with poor sanitation and hygiene, low seconomic status and high
population density, common ianderdeveloped andeveloping countries (Laszewiet
al., 2014).Animal studies show thad. pylori infection early in life cause reduced weight
gain and growth retardation, suggesting thatalters host metabolism early in life
(Khosravi et al, 2015. H. pylori bacteria, has in fact, been classified as a human

carcinogen because it$ strong associationiwt h gastr i ¢ aa,Relér ( 06 Cc

2.8.2Mechanism oHelicobacter pyloriinfection and Obety

In recent years, obesity has been linked whth pylori infection, although there is
inconsistent data on the actual correlation because the assoamatiee pathophysiology
of obesity is still controversial (Carabodti al, 2014) and inconclusive. Some studies have
reported a positive association between obesitytanaylori, with high prevalence of the
infection in obese population (lat al, 2012; Cohenet al, 2012) while an inverse
relationship between obesity and infection by the bactesimalsaeported (Lendeet al.,
2014).The possible mechanisms relating to this association have been sug@ustedf
such mechanisms is explained byhgpothesis thaH. pylori results in some altered
processes, which ultimately cause reduction in appetite andccalake (Voet al., 2015).

The processes involved includ€igure 2.4).

i.  Inflammation of the gastric mucosa.
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ii.  Modulation of gastric hormas, which entails a decrease in orexigenic ghrelin; and
increase in anorexigenic leptin.
iii. Release of autoantibodies in circulation, which are directed against appetite

regulating peptide hormones.

The link betweenH. pylori infection and obesity with repect to hormones,mainly
involves those that areconcerned with energy regulation, such as ghréimossible
mechanism by whichid. pylori may cause a reduction in body weight was proposed to
occur due to damage to the stomach, resulting trbmylori-induced gastritis; this may

lead to impaired synthesis and secretion of energy balance regulatory hormones such as

ghrelin (Carborattet al, 2014), which affects appetite and food intake.

Ando et al, (2012) carried out a study to find out the relatiopdietweerH. pylori and
ghrelin. Concentrations of circulating acy@nd deacyl ghrelin and mRNA expression of
ghrelinO-acyttransferase (GOAT) as well as the effect of eradicatioH.qgfylori in the
gastric mucosa were investigatedknpylori-positive andH. pylori-negative participants.
They observed significantly lower levels of acyl andadgl ghrelin concentration and
GOAT mRNA expression in théd. pylori positive than those who tested negative.

Ulasogluet al.(2013) also reported a similar img.

Conversely, the reports by Eren al (2015), Choiet al (2015) showed an increase in
ghrelin level after eradication of the bacteria. Some studies, however, failed to establish
any relationship betweehl. pylori infection and ghrelin level (Nagaslet al, 2014;
Erdemiret al, 2015). But Yanget al. (2012) observed an improvement in acylated ghrelin
level in children afteH. pylori eradication, and thisestored bodyveight andreversed
growth retardatiorwhich was present in the children where tH. pylori infection was

active.
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2.8.3The link between Ghrelin with Helicobacter pyloriinfection

Another mechanism which hypothetically explains the inverse relatiorstipeenH.

pylori infection and obesit{Figure 2.4) through ghrelin secretiors modulation of gastric
hormones;H. pylori-induced decrease in ghrelin secretion, and an increase in leptin,
suppress appetite and caloric intake by inducing satiety and inhibiting hunger, thereby

causing a decrease in body weight @al, 2015).
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Table 2.3:World-wide Prevalence dflelicobacter pyloriinfection

Country

Prevalence (%)

North America, United States and Canada
Canada
South America Mexico
Chile
Brazil
Europe Poland
Albania
Estonia
Germany
Czech Republic
Iceland
Switzerland
Sweden
Middle East Egypt
Turkey
Asia Bangladesh
India
Japan
Taiwan
Africa Ethiopia
Nigeria
Australia

30.0
23.1
70-90
70-90
82.0
84.2
70.7
69.0
48.8
42.1
36.0
11.9
11.0
90.0
80.0
90.0
88.0
55.4
45.1
>95.0
70-90
154

(Source Carabottiet al. (2014).
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Figure 2.4: Hypothetical mechanisms explaining an inverse relationship between
Helicobactemylori infection and obesity(Source: Veet al, 2015)
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An increase in weighin H. pylori-infected patients who have undergone a successful
eradication of the bacteria occurs. In fact, it has been suggested that the increase in
prevalence of obesity, especially in developed countries, is as a result of the dedrkase in
pylori infection in those countrie@enderet al, 2014).Some studies have suggested a
protective role against obesity bl pylori infection because dhe gastritis that iinduce

which subsequently reduced the production of ghrelin, an orexigenic hormaaéd@iet

al., 2014).

2.8.4Prevalence ofH. pylori in Obese Individuals

The prevalence oH. pylori in obese people has been investigated in many countries
(Japan, United States and Australfdable 2.3). The prevalence of obesity was
significantly lowerthan normalweight among all cases. The prevalenceHof pylori
infection in morbidly obese patients is still controversial. Candidates for bariatric surgery
have a preoperative prevalencetofpylori ranging from 8.7% irGermary to 85.5% in

SaudiArabia, with other series showirdjfferentvalues (Carabotet al, 2014).

2.8.5H. pylori May Protect againstObesity

Helicobacter pyloriinfection is an established cause of gastritis, peptic ulcer, and gastric
cancer(Grahamet al, 2015).1t has an estintad worldwide prevalence of 50% among
adults and 80% among adolescents in developing countries. A number of publications
have suggested that gastric infection whthpylori may have a protective effect against
obesity(Graham, 2015)Although paediatd obesity has become an international problem
and acquisition oH. pylori infection frequently occurs in childhood, only two of the
published studies have examined this relationship in children. Both reported a correlation

between obesity and the absentél. pyloriinfection(Vo et al, 2015).
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CHAPTER THREE
3.0MATERIALS AND METHOD
3.1 Materials
Human adiponectin ELISA kit (WKEA), Human Growth HormeReleasing Peptide
Ghrelin (Ghrelin) ELISA Kit (WKEA), Helicobacter pyloriELISA kit (WKEA), Single
channel automated pipette, Mianalyzer, Microplate reader (capable of measuring
absorbance at 450 nm), Precision pipettes (2 mL and 1 mL), -thatinel precision
pipettes with disposable tips (1000 pL and 560200 L), Pipettes (adjustable 10-r00
ml) for reagent preparation, Measuring cylinders (100 ml and 1 liter), Squirt bottle,
Absorbent paper, Incubator (&), Distilled water, Graph paper, Testibes for standard
and sample dilutions, Serum samples, Trichloroacetic acid, Distilled,Wat®barbituric
acid, Water bath, Measuring cylinder, Beakers, Cuvettes, Glucose GOD/PAP kit, Randox
Assayed Multisera Level 2 (cat. No. HN 1530) and level 3 (cat. No. HE 1532), Randox
calibration Serum Level 3 (cat. No. CAL 2351), Centrifuge, Specttopheter, Stop
clock, Volumetric flask (1000mL, 100mL and 20mL), 0.2M phosphate buffer (8.40g of
NaH,PQO, , 9.94g of NaHPO, ), 10% TCA (10g TCA, dissolved in distilled water and
made up to 100 ml mark of the volumetric flask), 50mM potassium phosphate, [30ffe
mM hydrogen peroxide, (freshly prepared and kept in amber bottle), 0.05M carbonate

buffer, 0O.3mM adrenaline,. freshly prepared

3.2 Background of Study Area
Kaduna State University is located in Kaduna State, Nigeria. It was establis 2004,
and comprises two campuses; one in Kafanchan, and the other in Kaduna metropolis. It has
a total of seven faculties, with over thityne Departments. The students come across

from all parts of Nigeria; however, residents in the Northern pérthe country
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predoninate. Staff of the institutiofikewise, are indigenes of various parts of Nigeria. It

has a population of about 7,000 at the time of this study.

3.2.1Study Design
The study was a crosectional descriptive study, involving staiffid students of Kaduna

State University, who consented and met the criteria for selection.

3.2.2Study Population

A total of 280 nembers of the Kaduna State University commurdomprising ofmales
(186) and femalegq94), within the agegroup of 18- 72 years took part in the study.
Participantsvho had normal BMI of 18.5 24.9kgm served as the contrdubjects who
had BMI of 25 299 kg/"fwer e the over weight gr oup?

were the obese group.

3.2.3Inclusion/ Exclusion Criteria
Inclusion criteria:
1. BMI O 18.5 kg/ m
2. Age 018
3. Apparently healthy
Exclusion criteria
1. Smokers
2. Frequent alcohdrinkers,
3. Known diabetics,
4. Known hypertensives,
5. Pregnant women

6. People whaffirmed to having peptic ulcer.
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3.2.4Sample Size [@termination
The formula for a crossectional study was used, that is:
n = Z%pg/d. By using a prevalence of 22.3% for obesity in a Nigerian population
(Adediranet al,, 2012);
p=22.3=0.223
q=77.7%=0.777
95% confidence interval (Cl), which gives thedue for Z = 1.96.
Where:
n = the desired sample size
z = the standard normal deviate, usually set at 1.96, which corresponds to 95% CI.
p = the proportion in the target population estimated to have a particular characteristic.
g=1.0p
d = the degreef@ccuracy desired, usually set at 0.05.
That is:
1.962 x 0.223x 0.777x/0.052 = 266.26
Therefore, the calculated sample size for the study was 267 subjects.
For a population of less than 10,000, the finite correction was used.
Finite Correction Formulan = rf/1+ (i 1) / N
Where;
n° = calculated sample size
N = size of population (6700 in this case).
That is;
266.26/1+ (266.24)/6700
This gave the actual sample size to be used as 255.8, approximated to 256. Ubjects

subjects were added give280 subjectbecause of attrition or drequt rateof 10%
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3.2.5 Sampling Echnique

Simple random mukstage sampling were used to select faculties and departments that
took part in this study. First stage selected three faculties at randonmyedlloy the
second stage, in which the Departments that participated in the study were randomly
selected. The third stage selected the number of subjects from each Department by
proportional allocation to determine the number of staff and students thgbddaik the

study.

3.2.6 Ethical Approval

Ethical clearance for the study was obtained from the Health Research Ethical committee,
Kaduna State Ministry of Health, Kaduna, with reference numiazt/ADM/744/Vol.1/61

All participants consented to take par the study, which was conducted in accordance
with the WHO and American Physiological Society Guiding Principles for Research
involving animals and human being8ssociation, 2000 Sample of informed consent

form attached (Appendix).

3.2.7 Datd SampleCollection

Subjects who consented to the study were given particular days to be in the depafrtment
Human Physiology, Kaduna State University (KASUgcause an average of 20 subjects
were evaluated on each working day. They were called a day before their appointment, and

reminded to fast for 12 hours prior to blood collection.

On the appointed dayenous blood was collected at arrival of each subject. An apple was
then given tdoreak the fastHeightand weight wereneasured using stadiometrgwith

the participants lightly clotheénd without shoesBody mass index (BMI) was then
calculated as weght-in-kilograms divided by the square of height (in metrEsch subject

filed a questionnaire (sample attached at Appendix), containing iaf@mm on
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demographic parameters, thdodd pressure was measurarticipants were classified as
normal weght with BMI of 18.5- 24.9 kgm?; overweightwith BMI of 25.0-29.9 kgm?;

and obese 30kgmBMI was O

3.3 Methodology
3.3.1 BloodPressureM easurement
Blood pressure (BP) was measured by use of a sphygmomanometer and stethoscope
(auscultatory methat) according to the WHO standard protocol as follf@PC Manual)

a. With participant seated for at least 5 minutes, the cuff was placed around the upper
left arm. The miepoint of the length bladder was placed over the brachial artery,
and the mid heigtof the cuff was at height level

b. Lower edge of the cuff was placed, with its tubing connections, about one (1) inch
above the natural crease across the inner aspect of the elbow

c. The cuff was wrapped snugly about the arm, with the palm of thepaci pant 6 s
turned upward

d. The cuff was then inflated manually by squeezing a rubber bulb, until the artery is
completely occluded, which was indicated by obliteration of the pulse,bfelt
palpation on the radial artery on the wriShen the presure in the cuff was slowly
released by deflating the cuff.

e. The pressure at which sounds produced by the arterial pulse waves (Korotkoff
sounds) appear (systolic pressure) and disappear again as flow through the artery
resumes (diastolic pressure),r@@oted.

ff. Participants were classified as hyperten
if their diastolic BP wa shyp@rtedsive dmugs. Hg , or

g. All readings are made to the nearest even.digit
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h. All readings whity appears to fall exactly between marking on the mercury column
were read to the nearest higher marking, i.e. 2,4,6,8 or O
i. All readings were made at the top of the meniscus, the rounded surface of mercury

column

3.3.2Blood and serum sample collagon

Blood samples were collected by trained laboratory technologists in the Department of
Human Physiology, KASU, on each working day from 8 am to 10.30 am, under
supervision by physicians from Community Medicine and Haematology Departments,
KASU. On arrval of each participant every morning, preliminary exchange of pleasantries
was done, after which the participants were asked what time they eat or drank anything, to
confirm the 12 hour fast. This was followed by a brief registration that entailed assignm

of a sample number on a questionnaire which was later filled by the participant. The
sample number was quoted on each sample collection tube, accordingly. The sample
collection began by tymp a tourniquet to the upper amrbove the cubital fossa. Thate

cubital area was cleaned with cotteool that was soaked in methylated spirit, and
allowed to dry. The most pnoinent vein was identified and 10l of blood was collected

into the syringe. Blood sample (3) wasimmediately stored in a sampigbe ©ntaining
dipotassiumethylenediaminetetraacetic acid EKDTA), gently mixed by inverting the

tube against the stopper repeatedly, and this was later (betwe@d 4t and 120 am)

taken to BaratDikko Specialist Hospital for haematological analyses, civhivas
conducted soon as arrival of the sample. f#meainingblood sampl€7 ml) was emptied

into labeled plain tubes and left to stand for twenty to thirty minutes, then spun at 3000 g in
a centrifuge for 20 minutes to obtain the serum. The serum samplke then made into
aliquots of about 0.5 ml in labeled sterile Eppendorf tubes, with each serum sample

divided into four portions; A, B an@. Each group was put into separate, correspondingly
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labeled rack and stored 80° C until needed for analys¢fi A6 f or hor monal é
for oxidative stress markers analyses,; an

analyses The serum samples were frozen within four hours of collection each day.

Subjects were each given an apple to break their fasttdood collection, then filled a
guestionnaire for data about their sedemographic background. They then proceeded
with measurement of blood pressure, height and weiQhting the data collection,
respondents who were found to have an elevatedlljoessure were asked to come for a
second measurement, and if still found to be high, were immediately referred to the sick
bay, KASU main campusfor consultationby a physician. After laboratory analyses,
participants who were found with some abnornales were referred to the sibky for

further investigation and management.

3.3.3Assay for aiponectin
Adiponectin concentration was determined by ELISA according to method described by
Yamauchiet al, (2001). Himan adiponectirELISA kit (WKEA Med Sipplies Corp

Ching was used.

Principle

Purified human adiponectin antibody was used to coat microtitre plate wells, and make
solid-phase antibody. Addition of adiponectin to the wells, combines the adiponectin with
labeled enzyme, which forms antibedrtigen-enzymeantibody complex. The substrate

is added after washing completely, and a blue colour results. The addition of a sulphuric
acid solution terminates the reaction and the colour change was measured
spectrophotometrically at a wavelength of 450. i@oencentration of adiponectin in the
samples was then determinegl tbmparing the optical densi{{oD) of the samples to a

standard curve.
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Method
Standard wellg10) were set on the coated microtitre plat&andard(100 pL) was added
to the first andhe second wells, and then 50 pL of standard dilution were also added to the

first and second wells, and mixed by rotating the microtitre plate.

From the first and second wells, 100 pL of the mixture was taken out and the second wells,
and added to the tlirand the fourth wells separately. Standard dilution (50 L) was added

to the third and fourth wells, and mixed.

From the third and the fourth wells, 50 puL were taken out separately and discarded. Again,
50 uL was taken out of the third and the fourthlgvekeparately, and added into the fifth
and the sixth wells separateftandard dilution(50 pL) was added to the fifth and sixth

wells separately, and mixed as above.

A total of 50 pL each was taken out from the fifth and sixth wells, and added to the
seventh and eighth wells separately. Exactly 50 pL of standard dilution was added to the
seventh and eighth wells separately, and mixed. 50 pL was then taken out from the

seventh and eighth wells and added into the ninth and tenth wells separately.

Standad dilution (50 puL) was added into the ninth and tenth wells separately, and mixed.

50 pL was then taken out from the ninth and tenth wells and discarded.

At the end of each dilution, 50 puL was kept in each well (density: 900 pg/ L, 600 ug/ L,

300 pg/ L, 1® pg/L, 75 pg/ L).

Sample wells, and blank wells were set, separately, in microtitre plate. 40 puL of sample
dilution were added to each sample well, followed by addition of 10 pL of sample, and
gently mixed. Samples were not added to the blank wells. @aretaken to avoid

touching the wall and bottom of the wells while adding the samples.
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The microtitre plate was covered with the closure membrane, and incubated for 30 minutes

at 37C.

Wash solution was diluted 3fbld with distilled water, and then resed in squirt bottle.

After incubation, the mixture was poured out into a sink; each well was completely filled
with the wash solution by using the squirt bottle, and then aspirated into the sink. Same

procedure was repeated four more times, making adbfale washes.

After the final wash, the microtitre plate was inverted and blotted dry by hitting on
absorbent paper repeatedly until no moisture appeared. The sides of the plate frame were
held firmly during washing and bkatrying, to ensure that atlhe strips remained securely

in place.

Enzyme conjugate reagefd0 uL) was added to each well except the blank, then covered
with the closure membrane, and incubated for 30 minutes’@t 3&fter incubation, it was

washed five times as above.

Substrate A(50 pL) and substrate B0 pL) were added to each well, covered with closure
membrane, and incubated for 15 minutes 8C3after which the reaction was stopped by

addition of 50 pL of the stop solution and mixed well.

The optical density ©D) of each vell was determined by the micpate reader within 15

minutes.

Calculation: The standard density was taken as the horizontal, while OD value for the
vertical, and a standard curve was drawn on the graph paper. The corresponding density
according to theanple OD value was extrapolated on the standard curve, multiplied by

the dilution multiple, tayet the actual sample density.

61



3.3.4 Assay for grelin
Ghrelin was determined by ELISA technique according to the method that was described
by (Stylianouet al, 2007%. Human Growth Hormone Releasing Pepti@drelin (Ghrelin)

ELISA Kit (WKEA Med Supplies Corp, Chipawas usedor theassay.

Principle

Purified human ghret was used to coat microtitre plate wells to make a s@lichse
antibody, then ghrelin was added to the wells, and the combined ghrelin antibody, with
labeled enzyme, becomes antibodytigen enzyme antibody complex, after complete
washing. Addition bsubstrate catalyzed the reaction with formation of a blue color, which

is measured spectrophotometrically at a wavelength of 450 nm. The reaction was stopped
by addition of a sulphuric acid solution. Concentration of ghrelin in the samples was

determind by comparing the OD of the samples to the standard curve.

Method

Precoated s&andard wells 10) were set on the microtitre plate, 100 pL of the standard
were added to the first and second wells, followed by addition of 50 pL of the standard
dilution to the first and second wells. It was mixed by rotating the microtitre plate
continuously in a circular motion, and then 100 pL of the mixture was taken out of the first

and the second wells and added to the third and the fourth wells separately.

Standard dution (50 pyL) was added to the third and fourth wells, mixed as previously
done and 50 pL was taken out from the third and fourth wells separately and discarded. A
further 50 uL was taken out from the third and fourth wells separately as before, and added
into the fifth and the sixth wells. Standard dilution (50 pL) was added to the fifth and sixth

wells, and then mixed.
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From the fifthand sixthwells, 3 pL each were removeand added into the seventh and
eighth wells, then 50 pL of standard dilution wakled into the seventh and the eighth
wells separately and mixed. A total of 50 pL was then taken out from the seventh and
eighth wells and added into the ninth and tenth wells. Exactly 50 pL of the standard

dilution was added to the ninth and tenth wetld enixed.

From the ninth and tenth wellISO uL were discarded out of eachD pL was left in each

well after diluting (density: 2406g/L, 1600ng/L, 800ng/L, 400ng/L, 200ng/L).

Sample wells were set separately from the bl&ample diluent(40 pL) was added to
each sample well, followed by addition of 10 uL of each sample. Care was specially taken
not to touch the wall and bottom of the wells while adding the samples. It was then gently

mixed.

The closure plate membrane was used to cover the welighwite microtitre plate, and

incubated for 30 minutes at %7,

The wash solution was diluted 30 fold with distilled water and reserved in squirt bottle.

The incubation mixture was aspirated into a sink, and then each well was completely filled
with the wash solution by using the squirt bottle, and then aspirated into the sink. Same

procedure was repeated four more times, making a total of five washes.

After the final wash, the microtitre plate was inverted and blotted dry by hitting on
absorbent paper reptedly until no moisture appeared. The sides of the plate frame were
held firmly during washing and blotlrying, to ensure that all the strips remained securely

in place.
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Enzyme conjugate reagent (50 pL) was added to each well except the blank, ted cov
with the closure membrane, and incubated for 30 minutes’@t 3&fter incubation, it was

washed five times as above.

Substrate A and substrate B (50 pL each) were added to each well, covered with closure
membrane and incubated for 15 minutes &C3after which the reaction was stopped by

addition of 50 pL of the stop solution and mixed well.

The OD of each well was determined by the microplate reader within 15 minutes.

Calculation: The standard density was taken as the horizontal, while OD valubdédo
vertical, and a standard curve was drawn on the graph paper. The corresponding density
according to the sample OD value was extrapolated on the standard curve, multiplied by
the dilution multiple, to get the actual sample dengityrmal assay rang@as between

100 ng/ L= 3000 ng/ L.

3.3.50xidative Stress Profiling

i. Determination of cellular integrity Lipid peroxidation
Cellular integrity was determined by lipid peroxidation as thiobarbituric acid reactive
substances, (TBARS), according to Ohkastaal. (1979), by using trichloroacetic acid

(TCA) and thiobarbituric acid (TBA).

Principle

Lipid peroxidation generates peroxide intermediates, which, upon cleavage, release
malondialdehyde, (MDA). MDA is a product that reacts with thiobarbituric acid, to
produce a colored complex which absorbs light at a wavelength of 535 nm, therefore, it

can be measured.
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Method

Test tubes were labeled according to the sample numbers, 1 ml of 15 % TCA added,
followed by 1 ml of 0.67 % TBA.

Serum samples (50 pL) wereetinadded into corresponding test tube, and the mixture was
placed inside a watdrath, kept at 80C, and incubated for thirty minutes, and then

allowed to cool.

It was then centrifuged at 3,000 rmp for ten minutes, by using the centrifuge Labofuge 300,

Heraeus. The clear supernatant was collected.

Absorbance of the supernatant was then measured at 535 nm on spectrophotometer

JENWAY 6305.

Calculation: TBARS concentrations were expressed in nmol/mg protein, which was
calculated as follows:

Concentration mmél mg protein = Absorbance of sample/ 1.%610° x protein
concentration (mg)

The MDA that was formed was calculated by using the molar extinction coefficient of
1.56x 10°cm*™M™,

Concentration of MDA = absorbance of sample/1.56 %chi" M™

ii. Supeoxide dismutase
Superoxide dismutase, (SOD), was determined by the method described by Fridovich

(1989).

Principle
The principle was based on the ability of SOD to inhibit axxtiolation of adrenaline at pH

10.2.
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Method
Serum sampl€0.1 mL) was dilutedwith 0.9 mL of distilled water, to make 1: 10 dilution

of microsome.

The dluted mixture(0.2 mL) was added to 2.5 mL of 0.05M carbonate buffer, and then

0.3 mL of 0.3 nM adrenaline was added to start the reaction.

Carbonate buffe(2.5 mL) was mixed wih 0.3 mL of 0.3 mM adrenaline and 0.2 mL of

distilled water in a separate test tube. This was the reference mixture.

Absorbance was measured over 30s up to 150s at 480 nm.

Calculation: Increase in absorbance per minute =-(A%) / 2.5

% inhibition =increase in absorbance for substrate 100
Increase in absorbance of blank

One unit of SOD activity is the quantity of SOD necessary to elicit 50% inhibition of the

oxidation of adrenaline to adenochrome in one minute.

iii. Catalase activity

Catalase actity was measured by using the method of Abei (1974).

Method

Potassium phosphate buff@&.8 ml), at pH of 7.0, was added into labeled test tubes.

Each serum sampl@0 pL) wasadded into the test tubes containing the buffer.

The reaction was initiatedytadding 0.1 ml of freshly prepared 30mM hydrogen peroxide,
H,O,, was then added into each test tube, in batches of twenty, and incubated for 5

minutes.

The decomposition rate of the,®h was measured at 240 nm, on a JENWAY 6305

spectrophotometer.
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Calculation: A molar extinction coefficient (E) of 0.041 miMem™ was used to calculate

the activity of catalase.

Catalase concentration = absorbance of sample/molar extinction coefficient x protein

concentration (mg/ ml).

*Unit - One unit is the amount of caaske that decomposes 1mmol ofd4 per minute at

pH of 7.0.

iv. Glutathione
Concentration of reduced glutathione was determined according to Ellman (1959), as

described by Rajagopal&hal., (2004).

Principle
This test i s bas edithiobisinitrb beazoic aeid (ONTB)and reddced5 , 5

glutathione (GSH).

Method

Serum sample (150 pL) was added into correspondingly labeleduiess, 1.5 ml of 10 %

TCA was added into each tube and centrifuged at 1500 g for 5 minutes.

The supernatant (1miyas treated with 0.5 ml of EIIl mar

buffer at pH 8.0.

Absorbance was read at 412 nm. The quantity of GSH was extrapolated from a graph of

the GSH standard curve.

67



3.36 Lipid Profiling

i. Total cholesterol
Total cholesterowas determined by enzymatic endpoint methiog using RANDOX
assay kits (Randox Laboratories Ltdnited Kingdom Cat no. RX MONZA CH210), as

described by Allairet al. (1974).

Principle
Cholesterol was determined after enzymatic hydrolysis and oxida@ainoneimine,
which is an indicator, is formed from hydrogen peroxide arainfhoantipyrine in the

presence of phenol and peroxidase.

Cholesterol esterase
Cholesterol ester + 4@ Cholesterol + Fatty acids 4)

Cholesterol oxidase
Cholesterol + @ Cholestene-one + HO, (5)

Method

Distilled water(10 pL), andreagen{1000 pL) were pipetted into a testbe, labeled as the

reagent blank.

Standard(10 pL), and reagentlO00uL) wereadded intoatest ube | abel ed Ost
Sample (10 pL), and 1000 pL of reagent were collected into another test tubeaha

labeled as sample.

Contents of each tedube were mixed, and then incubated for 10 minutes at a temperature

of 20- 25°C.

Absorbance of the each sample was measured at 500 nm, against the reagent blank within
60 minutes.

Calculation: Concentratiorf cholesterol in the sample was calculated as follows:
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Concentration of cholesterol in sample = absorbance of sample/standard x concentration of
standard.
Normal values in serum:

< 5.17 mmol/l (200 mg/dL= Desirable blood cholesterol

1.17- 6.18 mmol/l (200239 mg/dL)= Borderline high blood cholesterol

O 6.20 mmol /=Highbbed@holesterold L )

ii. Serum tiglycerides
Serum triglyceride was measurbg colorimetric methodMcGowanet al, 1983 using

Randox kit§Randox Laboratories Ltd, United Kingdom, Cat no. RX MONZA TR 210)

Principle

Triglyceride (TG) was determined after enzymatic hydrolysis with lipase. Triglycerides
were hydrolyzed by lipase to glycerol and free fatty acid (FFA). The glycerol reacted with
adenosine triphosphate (ATP) to form glyce3gphosphate and adenosine diphosphate
(ADP) under the influence of glycerol kinase (GK). GlyceBgbhosphate was oxidized by
glycerol phosphate oxidase (GPO) to dihydroxyacetone phosphate and hydrogen peroxide.
Hydrogen peroxide was then combined witaminoantipyrine to form quinoneimine (a
coloured compound), the intensity of which was proportional to the concentration of TG

that was present in the sample. Todouredcomplex was read at 500 nm.

Method
The test tubes were prepared and labelled as blank, standard and test. Into each test tube,
1000 uL of working reagent was pipetted.

Triglycerides standard, 10 OL and sampl e,

standard and test, respectively.
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The contents of each tube were mixed, and then incubated for 10 minutes2&t’°20
Absorbance was measured at 500 nm against realgeit b

Calculation: The results were calculated, thus:
Triglyceride concentration (mmol/L) = OD of sample/ OD of standard x 2.23 mmol/L
iii. Serum high density lipoprotein cholesterol

Serum HDl-cholesteol was measuredy precipitationmethod (Bursteinet al, 1970,
using RANDOX assay kits(Randox Laboratories Ltd, Unitedingdom, Cat. No. CH

203).

Principle

When serum is combined with a polyethylene glycol reagent (PEG 6000), all the beta
lipoproteins, very-low density lipoproteins (VLDL) and low density lipoproteins (LDL)

are precipitatedAfter centrifugation, the chesterol concentration in thdDL fraction

(alpha fraction) that remains in the supernatant is then treated as a sample and assayed for

cholesterol by enzymatic red dye method.

Method

One precipitating tube was prepared dabelled as test. Into the tube500 pL of
precipitating reagent (reagent A) was pipetted and 500 pL of sample was added.

The contents were mixed and then incubated at room temperature for 5 minutes. These
were then centrifuged at 3000 g for 10 minutes.

The supernatant was collectettldreated as a sample and assayed for cholesterol.

Three test tubes were then prepared labélledas blank, standard and test. Into each of

the test tubes, 1000 pL of working reagent was pipetted.
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Cholesterol standard, 25 pL and supernatant, 25 pL awdded into the tubesbelled
standard and test, respectively. The contents were then mixed, and measured against
reagent blank at 500 nm. The result was calculated, thus:

HDL-Cholesterol concentration (mmol/L) =

OD of sample/ OD of standardsx09 mmol/L.

iv. Serum low density lipoprotein cholesterol (LEL)

Serum LDL-C was derived from Friedewald equati@imiedewaldet al, 1973.

3.3.7Fasting Blood Glucose

Serum glucose concentration wasasured by use of the glucose oxidase mefhodder,
1969, using Randox assakit (Randox Laboratories, USACAT. No. GL 2623. Serum
glucose for each sampleas determined within a maximum of fortgight hours after

collection.

Principle
Glucose was determined after enzymatic oxidation in the presence of glucose oxidase.
Hydrogen peroxide was formed, which reacted with phenol aasnidophenazole,

catalyzedoy peroxide, to form a rediiolet quinoneimine dye as indicator.

Method

A vial of the reagent was reconstituted with a portion of Buffer, and the entire content was
transferred to the bottle containing the buffer. This is the working reagent.

Standard20 pL)was pi petted into a test tube that
Each sampl€20 uL) was pipetted into labeled testibes.

Working reagent200 pb) was added and mixed. The mixture was incubated for 10

minutes at about 3.
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Absorbance of the standard sveneasured and recorded. Absorbance of each sample was
also measured and recorded.

Calculation: Glucose concentration of each sample was calculated thus:

Glucose concentration (mmol/L) = Optical density (OD) of sample/ OD of standard x 5.55

Normal range 4.2- 6.4 mmol/L OR 75115 mg/dL.

3.3.8 FullBlood Count
This was carried out using an automated analyzer2KX (Sysmex Corporation, Kobe,

Japan) Haematology analyzer.

Principle

The principle was &sed on impedance counting of diluted blood cells.fldverate of the

diluted sample through an aperture was maintained by an electric current. As cells pass
through the aperture, some of the fluid was displaced with generation of electrical
resistance. The resulting potential change between electrodesguguluises, the heights

of which corresponded to the volume of the cells passing through.

3.3.9Detection ofHelicobacter pylorilnfection
H. pylori infection wasdetected by serological testing as describedShykla et al,

(2012).

Principle

This assg involves measurement of a specific IgG antibody againgtylori. Antibody

index of each sample was calculated by dividing the optical density (OD) value of each
sample by the ctoff value (that was provided by the manufacturer for the ELISA Kkit).
Antibody index < 0.9 indicates no detectable antibody; antibody index of 1.1 is a

borderline positive; while > 1.1 indicates pylori infection.
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Method

The wells were placed onto the microplate plate. The number sequence on each well
corresponded with the ®en sample number. The negative and positive controls were
added separately in different welBiluent (40 pL ) was added to each of the remaining
wells, followed by 10 pL of the serum sample. Samples and enzyme conjugates were not
added to the blank wellThe wells were mixed well, without touching inside, covered with

the closure plate membrane, and incubated for-foreyminutes at 29°C.

The wash solution was diluted thirtgld and made up to 600 ml. After incubation, the
mixture was poured into thenk and washed (by using a squirt bottle) four times with the
wash solution. The plate was then inverted and blotted dry by hitting onto absorbent paper
towels, until no moisture appears. The sides of the plate were particularly held firm by the

sides tceensure that all strips remain securely in frame during washing.

Enzyme substratés0 pL) was added to each well, except the blank, and then covered with
the closure plate membrane. It was incubated for fflorey minutes at 29°C, then washed

four timesas above, and blotted dry, using the same procedure as earlier done.

Substrate A(50 pL) and substrate B50 pL) were added to each well, covered and
incubated in the dark for thirty minutes at 29°C.
Stop solution(50 pL) was added to each well to sto tleaction.

The blank was taken at zero and the absorbance was read off the micro analyser at 450 nm.

3.4 Statistical Analysis

Statistical significance between the groups (normal, overweight and obese) was determined
by analysis of variance (ANOVA). Schef posthoc test was used to determine
significance.Chi-square was used to analyze qualitative varialitetations between the

vari abl es were datdar Sipradelatoyadlssdl data wedes
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analyzed by statistical package facml sciences§PS$ version 200 for windows/IBM
Corp). Data were presented as mean * standard error of mean, and also in percentages

where relevant. Values of P O 0.05 were co
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CHAPTER FOUR
4.0 RESULTS
A total of 280 subjects, comprising 186 males and 94 females participated in the study.
Each group of males and females was further classified according to body mass index
(BMI) categories, into normal, overweight, and obese groups, as follows:
f Normal (BMI of 18.5i 24.9 kgm?)
T Overweight (BMI of 25 29.9kg/m?)

f Obese (BMI of 3tkkg/m?and above)

4.1 0verall Demographic and BMI (kg/m?) Parameters of the Study Population
Out of the studied participants, 152 (54.3 #gd normal BM] 55 (19.6 %) were
overweight, and 73 @1 %) were obese (Table 4.1). The mean ageh®@participants
with normal BMI, was 28.1 + 0.63 years; overweight h&B& 12.00 years, while the
obese subjects h4d6.5+ 11.57) years. Majority were in the 289 age range (Table 4.1).
The differencan age across the BMI classification was significant (P < 0.001) (HBabje
The mearblood pressure within both the overweight and obese, compared to the controls,

is normal.

There were moremales (66.1 %) compared to females38.6 %9. 67.1 % of male
participants had normal BMI while only 21.7 % of the femaldsad normal BMI.
Furthermore, 45.2 %f participants who were obese were madesl54.8 % were females

(Table 4.1).

Out of 186 males in the study, 11had normal BM] 40 were overweigt and 33 wee
obese. Mean agef male subjects wa®8.1 + 0.63 years, 37.03 £ 1.90 yeaand38.4 *

2.08 yeardor normal, overweight and obese respectivélye difference in age across the
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classes was significant @0.001). There waso significant difference inthe overweight

and obese compared to the cont(®s> 0.05).
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Table 4.1: Overall Demographic anBMI (kg/n?) Parameters of the Study Population

Variable Normal (n =152) Overweight (n =55) Obese (n=73) p-value
Percentages 54.3 19.6 26.1
Age (years):
mean + SEM 27.6 £6.79 37.0£12.00 38.4+2.08 0.000*
<25 69 (45.%%) 8 (14.5 %) 13 (17.8 %)
257 39 71 (46.0% ) 28 (50.9 %) 32 (43.8 %)
O 40 12(7.9%) 19 (34.5 %) 28 (38.4 %)
Sex:
Males 113 (74.3%6) 40 (72.7%) 33 (45.2%)
mean age (years) 28.1+0.63 37.88+1.90 38.40+2.08 0.000*
Females 39 (25.7%) 15 (27.3%) 40 (54.8%)
mean age ()yars) 24.8 £ 1.07 36.1+3.18 349+1.84 0.000*
Blood pressure:
(mm Hg), mean £ SEM
SBP 116.5+1.15 119.1 + 2.64 1151 +1.54 NS
DBP 80.5+1.90 78.9+1.24 79.0+0.7157 "®

a= significant when compared with normal, b=ng#igant when compared with normal,
SBP = systolic blood pressure, DBP = diastolic blood pressure, SBEihdasd error of

mean, NS = nowignificant difference

Out of the 94 females, 38ad normal BMI, 15 were overweight, ad@ were obeselhe

mean agdyears) of females within overweig{86.1 £ 3.18)and obes€34.9 + 1.84)were

significantly higher (P = 0.001) compared to contrah@ + 1.07) Blood pressure

recordings showed no difference between the overweight and obese to the ¢dabias

4.1).
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4.2 Levels of Adiponectin and Ghrelin in the Study Population by BMI (kg/nf) Class

In the overall study population, mean adiponectin concentrafigi L) was not
significantly different(P < 0.05)between the groups (Table 4.2). However, when separated
according to sexthe overweigh{1.6 = 0.06)andObese (1.5 + 0.05pales had statistically
significant (P< 0.05) different value to the controls (1.4 + .QBable 4.3) There was,
however, no statistical significant difference ¥P0.05) between the evweight (1.4 +

0.07) and obese (1.5 + 0.05) in the females compared to controls (1.5 = 0.06) (Table 4.3).

Mean values of serum ghrelin concentration (ng/ L) in the overall study population, normal
(559.0 + 33.35), compared twverweight (724.0 + 86.86)nd obese (562.0 £ 25.29) was
statistically significant (< 0.05), Table 4.2. The strength of this significance<(®.01)

was maintained in the males but not in the females (Table 4.3).

78



Table 4.2: Levels of Adiponectin and Ghrelin in the Overatldy by BMI (kg/m) Class

Variable (BMI - kg/m?  Normal Overweight Obese p-value
N 152 55 73

Adiponectin (ug/L) 1.4 +0.03 1.5+£0.05 1.5+£0.03 > 0.05
Ghrelin (ng/L) 559.3 + 33.35 724.9 + 86.86 562.3 + 25.29 <0.05
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Table 4.3: Levels of Adiponectin and Ghrelin in Males and Females According to BMI

(kg/n?) Class

Variables Normal Overweight Obese p-value
Males:

n 113 40 33

Adiponectin (ug/L) 1.4 +0.03 1.6 £ 0.06 1.5+0.05 <0.05
Ghrelin (ng/L) 521.2+11.48 7189+94.468  569.7+24.90 <0.01
Females

n 39 15 40

Adiponectin (ug/L) 1.5+ 0.06 1.4 +0.07 1.5+ 0.05 NS
Ghrelin (ng/L) 716.4 + 128.22 748.5+198.93 556.3+20.57 NS

a = significant when compared with normal
NS = nonsignificant difference
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4.3 Oxidative Stress Markers ofthe Study Participants
Table 4.4 showed that only MDA and CAT were significantly different (P05) between
the overweight and obese compared to the controls. Separating the sexes, there was only

significant differene (P< 0.01) in CAT in males, and MDA in females (Table 4.5).
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Table 4.4:OverallOxidative Stress Mrkers ofStudy Populatioccording to Bdy mass
index (kg/n?) Class

Variables Normal Overweight Obese p-value

n 152 55 73

Malondiadehyde (nmol/mg) 154.3 +6.55 191.2 +14.81 144.8 + 10.04 <0.01
Superoxide dismutase (U/ml) 16.7 + 0.82 17.6 +1.48 16.6 + 1.00 NS
Catalase (U/mg) 364 £1.05 41.7 +3.18 43.0+1.93 <0.05

Glutathione (pg/ml) 57.2 + 324 57.0 +548 659 + 1050 M°

a = significant when compared with obese
b = significant when compared with normal
NS = nonsignificant difference
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Table 4.5 Oxidative Stress Responses in Males and in Females

Variables Normal Overweight Obese p-value
Males:

n 113 40 33

Malondialdehyde 156.5+ 7.4 192.7+ 17.69 170.9 #17.95 ™
(nmol/mg)

Superoxide dismutase 16.4 + 1.00 18.9+1.98 17.8+£2.00 NS
(U/mL)

Catalase (U/mg) 36.6 £1.20 444 + 4.26 48.9 +£3.19 <0.01
Glutathione (ug/mL) 58.6 + 4.10 59.9+ 7.45 76.9+18.70 M
Females:

n 39 15 40

Malondialdehyde 1444+ 1255  197.2+31.18 123.3+9.75  <0.01
(nmol/mg)

Superoxide dismutase  17.7 + 1.41 14.0 + 0.87 15.6 +0.74 NS
(U/mL)

Catalase (U/mg) 35.9+2.19 34.4+1.80 38.1+2.08 NS
Glutathone (ug/mL) 53.3+4.33 49.0 +2.68 56.9+11.40 M

a = significant when compared with normal
b = significant when compared with obese

NS = nonsignificant difference
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4.4 evels ofLipid Profile and Serum Fasting Glucose of &idy Participants
Triglyceride (mmol/ L) was the only serum lipid that showed a significant differenee (P
0.05) especially in the overall class (1.8 £ 0.&8mpared to the controls (1.4 = 0.07)

(Table 4.4). This difference did not persist after separating inteetkes (Tale 4.6.

The serum fasting sugar (mmol/ L), though showed an increase in both the overweight (4.8
+ 0.24) and obese (4.7 + 0.19) compared to the control (4.4 + 0.08), it was not statistically

significant (Table 4.6).This persisted even after separatingithe sexes (Table 4.7).
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Table 4.6 OverallSerum Lipids and Fasting Glucoskthe Study Populationy Body
Mass hdex(kg/m?) Class

Variables Normal Overweight Obese p-value
n 152 55 73

Total Cholesterol (mmol/l) 3.3 +0.10 3.8+0.23 3.4+0.13 NS
Triglyceride (mmol/I¥ 1.4 +£0.07 1.8+0.18 1.5 £0.08 <0.05
High-density lipoprotein 0.8 +0.04 0.8 +0.04 0.8 +0.05 NS
cholesterol (mmol/l)

Low- density lipoprotein 2.0 £0.09 2.3 £0.24 2.0+£013 NS
cholesterol (mmol/l)

Glucose (mmol/l) 4.4 +0.08 4.8 + 0.24 4.7 £0.19 NS

a = significant when compared with normal

NS = nonsignificant difference
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Table 4.7 Levels ofSerum Lipids in Males and in Females According tal¥8Mass

Index(kg/ nt) Class

Variables Normal Overweight Obese p-value
Males:

N 113 40 33

Low-density lipoprotein (mmol/L) 1.8 +£0.10 2.2+0.30 2.0+0.19 NS
High-density lipoprotein (mmol/L) 0.8 +0.05 0.8 +0.05 0.8+0.08 M
Total cholesterol (mmol/L) 3.3+0.10 3.6 +0.30 35+021 M
Triglycerides (mmol/L) 1.4 +0.08 1.7+0.23 1.5+£0.15 NS
Glucose (mmol/L) 44+0.08 45+0.22 49+029 ™
Females:

N 39 15 40

Low-density lipoprotein (mmol/L) 2.3 +0.22 2.6 £0.36 2.0+0.19 NS
High-density lipoproteifmmol/L) 0.8+0.04 0.8+0.08 0.8 +£0.05 NS
Total cholesterol (mmol/L) 36+021 4.0+0.33 34+017 ™
Triglycerides (mmol/L) 1.4 +0.12 1.9 +0.25 1.4+0.09 M
Glucose (mmol/L) 46+024 53+0.66 46+026 M

NS= nonsignificant difference
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4.5Haematological Farameters ofthe Study Population
Total Leucocyte count was significant({? < 0.01)increasedn obese subject%.7 + 0.15
x 10%/uL) when compared to normal subje¢&1 + 0.12 x 18uL) (Table 4.8 in the
overall subjectsbu other measuredaematological parameters were significant Table
4.8). Obese male participants had significantly incred®@¥ (46.1 + 0.57 %andWBC
(5.8 + 0.21 x 1®uL) couns when comparetb controls (44.3 + 0.33 %) and (5:(.13 x
10°/uL) respectively (Table 4.9However, overweight females had significantly decreased

(P < 0.05) neutrophils (37.0 = 2.26 %) compared to control (44.5 + 1.24 %) (Table 4.9).
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Table 4.8 Haematological 8rameters othe Study PopulatioAccording to Bdy Mass
Index(kg/m")

Variables Normal Overweight  Obese p-value

n 152 55 73

Red blood cell count (x£QuL) 49 +0.05 49+ 008 4.8 +0.07 NS
Haemoglobirevel (g/dL) 13.6 +1.94 138+155 132 +152 N
Packed cell volume (%) 425+045 43.6+0.65 425+0.53 NS
White blood cell count (xfjuL) 5.1+0.12 5.2 #0.20 5.7+0.15 <0.01

Neutrophil(%) 433+0.98 40.0+1.78 426 £0.95 NS

Lymphocyte (%) 472 +0.80 465+1.23 472 + 086 M

a = significant when compared witformal
NS = nonsignificant difference
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Table 4.9 Haematological Parameters in Males and in Females According to Body Mass

Index (kg/nf) Class

Variables Normal Overweight  Obese P-value
Males:

N 113 40 33

Red blood cell count (xfQuL) 51+0.05 52+0.08 5.3+0.09 NS
Haemoglobin (g/dL) 142+0.13 145+0.17 14.4+0.17 NS
Packedcell volume (%) 443+0.33 457+056 46.1+0.57 <0.01
White bloodcell count (x16/uL) 5.0+0.13 51+0.24 5.8+0.2% <0.05
Neutrophils (%) 428+1.28 409+213 405+1.35 NS
Lymphocytes (%) 478+089 449+135 47.4+1.32 NS
Females:

N 39 15 40

Red blood cell count (x£QuL) 43+0.13 43+0.12 4.4+0.07 NS
Haemoglobin (g/dL) 11.8+0.35 11.9+0.26 12.2+0.17 NS
Packeecdl volume (%) 37.3+1.10 38.0+0.77 39.6+0.50 NS
White bloodcell count (x1&uL) 5.3+0.26 5.6+0.37 5.7+0.21 NS
Neutrophils (%) 445+124 37.0+228 446+1.29 ' 0.05
Lymphocytes (%) 456+1.76 50.6+2.36 47.0+1.13 NS

a =significant when compared with normal, b=significant when compared with normal

NS= Non significant difference
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4.6 Pattern ofHelicobacter pyloriBacteria in the Overall Study Population
Out of a total of 277 subjects who were assayed for the preseHcg@wbri infection, 125
(45.1%) were positive, while 15(54.9%) were negative (Table 4. 1(Among the obese
subjects, 28.8 % had the presencélopylori and 19.2 % of theverweight, while 52.0 %

of the control group were positiEigure 4.1)

The pie chart (Figure 4.2) showed the percentage distribution of the preseHc@ylori

in males. 62 % of the controls were positive, while 22 % and 16 % represented the
percentge for overweight and obese respectivéljithin the femalesubjects, 41.0 % of

the controls were positive fod. pylori, while 16.0 % and 43.0 % represented the

percentages for the overweight and obese respectively (Figure 4.3).
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Table 4.10 Patern ofHelicobacter pyloriinfection in overall study participants by Body

mass index
Helicobacter pylori Total
Positive Negative

Normal 65 (23.80) 84(30.3%) 149
Overweight 24 (8.®0) 31(11.2%) 55
Obese 36 (13.00) 37(13.4%) 73
Total 125 (45.1%) 152 (54.9%) 277
Males: 64 (34.6%) 121 (65.4%) 185
Females 61 (66.3%) 31 (33.7%) 92
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m Normal
H Overweight

= Obese

Figure 4.1 Pattern of Helicobacter pyloriinfection in overall study participants by
Body mass index
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Figure 4.2 Pattern of Helicobacter pylorilnfection in Males According Body mass
index
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Figure 4.3: Pattern of Helicobacter pylorilnfection in Females According to BMI
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4.7 Linear Correlation
Pearsonds cor r eanaysethe datafor aetationslspgésyl bettveen all the
variables. Adiponectin was observed to be significantly correlated with ghrelin in both
males (0.444, g 0.01) and females (0.474,90.01) (Figure 4.4 and Figure 4.5Jhere
was also a positive correlation betweerpadiectin and CAT in male subjects £ 0.039,
P < 0.01) (Figure 4.6). Other values of oxidative stress assayed do not show any
association with adiponectiin the female participantghere was no association between

adiponectin and markers of oxidet stressassayed

The relationship between adiponectin drall fractions of serum lipideLDL, HDL, TC
and TQ did not show any significant association in males and in femBlese was also

no significant relationship between adiponectin and serum gdundsoth sexes
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Figure 4.4 Correlation between Adiponectin and Ghrelin in Male Subjects
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Figure 4.5 Correlation between Adiponectin and Ghrelin in Female Subjects
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Figure 4.6 Relationship between Adiponectirand Catalase in Male Subjects
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In male and female subjects in the present study, there were no significant correlation(s)
between adiponectin andll the haematological @rameter Similarly, there was no
correlation between adiponectiBMI and bloa@ pressuren the male and female subjects
(Table 4.11) The relationship between adiponectin aHd pylori, was, however, inverse

and strongly significanin both males-0.507, p< 0.01) and in female§0.419, p< 0.01)

(Table 4.1).
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Table 4.11 Correlation (r) between Adiponectin and Anthropometacafeters and
Helicobacter pyloriAntibodies

Correlated Parameters Males (n=186) Females (n= 94)
r r

Adiponectin and Age 0.084 -0.127
Adiponectin and Body mass index 0.119 0.002
Adiponectin and Systolic blood pressure -0.044 0.005
Adiponectin and Diastolic blood pressure 0.057 0.069
Adiponectin andHelicobacter pyloriantibodies -0.507" 0419

** =P <0.01
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Ghrelin was found to be positively associated with @ggure 4.7), SOD (Figure 4.8) and
CAT (Figure 4.9). It, however, did not show any significant association with serum lipids

and fasting glucose in both sexes.

Ghrelin showed only a positive significant association with WBC in the females (Table
4.12), but not uth all the other parameters. It also did not show any significant association

with BMI and fasting blood glucose akt pylori.
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Figure 4.7: Association between Ghrelin and Age in Male Subjects
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Figure 4.8 Relationship betwe=n Ghrelin and Superoxide dismutase in Male Subjects
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Figure 4.9 Relationship between Ghrelin and Catalase in Male Subjects
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Table 4.12 Correlation(r) between Ghrelin and Haematologicaiaihetersf the Study

Population
Correlated Parameters Males (n=186) Females (n=94)
Ghrelin and White blood cell count -0.015 0.206
Ghrelin and Red blood cell count -0.115 -0.051
Ghrelin and Haemoglobin -0.088 -0.073
Ghrelin and Packedell volume -0.066 -0.100
Ghrelin and Lymphocytes -0.056 -0.139
Ghrelin and Neutrophils -0.043 -0.160

*=P<0.05
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CHAPTER FIVE

5.0DISCUSSION
Demographic Characteristicsand Blood Pressure of Study Brticipants
In the present study, the result showed a significant difference in age béhsesrmal
overweightand obese subjects, with overweight and obese being older thaorthal
BMI class.This finding agrees withthat of Chineduet al. (2013)that reportedncreased
BMI in theolder age group in both males and femald® reason foincreased BMI with
advancing age could be as a result of decreased level of activity that is generally seen in
older people, which could promote accumulation of excess fat and, over time, rethéts in

increasan BMI.

Furthermorey4.3%of the male sulectshadnormal BM|, with only 25.7%o0f the females.
Majority of the females (74.3%)eing overweight and obeskhisis similar to he study of

Johnet al (2015)that reportedncrease irBMI in females. The increased BMI observed in

the present studyoald be due to lowering oestrogen level in older females as they tend
towards menopause. Oestrogen, aside from conferring some cardiovascular protection in
premenopausal women also promotes increase in basal metabolism, thereby resisting

excess fat depdsn (Okaforet al, 2014).

Lack of significant changes in blood pressure in both male and female subjects could be
due to the fact that obesity in the presstotdywas mainlygeneralized obesity, and not
abdominal obesity. Changes in blood pressure Hmeen reported to occur mainly in
abdominal obesity, which is, in fact, a strong independent risk factor for high blood

pressure (Amirat al, 2012).
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Levels of Adiponectin and Ghrelin in thestudy participants and by Gender

The present studyailed to doserve significant differences in adiponectin and ghrelin
concentrations in obese subjects. Significdifferences occurred mostly ithin the
overweight subjects when compared with the contiidiss may be as a result of unequal

sample sizes between theoups.

Level of Adiponectin

The result of the present study shovetncreasan adiponectin leveln the overweight
subjects,as well as the obese, though not statistically signifidargvious studies have
reported decr@sed adiponectin concentratiam obese individuals Arita et al, 1999;
Najametal., 2014;EbrahimiMamaeghanet al, 2015). Although disparity in the result is
difficult to explain, the lack othange inadiponectinlevel in the obese subjectef this
study could be as a result thfe small sample size, and alsogasurement technique used

in evaluating adiponectin concentratidrotal adiponectin was measured and not the high
molecular form (HMW) of adiponectin, which was found to be more active (Ruan and
Dong, 2016)In addition, @e may also play a role because adiponectin level increases with
increasing ageNajamet al, 2014; Alehageet al, 2015;ArgenteArizon et al, 2016), an
observation that was found in Africans, but not in Caucasians (Kretgat, 2011)
suggesting aacial dispositionOverweight and obese subjects irsthtudy areolderthan

the normal controlsFurthermoregdiet may also play a role, as adiponectin level has been
found to be affected by diet (Weissal, 2006).Although dietary pattern was not inded

in the present study, Nigerians are generally known to consurhecdligrie food. The
amount of energy intake have been reported as a key factor in controlling adiponectin
expression and circulating level, where high calories are found to decrepsaeatin

concentration (Lee and Shao, 2014).
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Ghrelin Level in the Study Population

There was an observed increase in the concentration of ghrelin, which was significant in
the overweight more than the obese subjects in the overall study populatiom, ted i
males. However, in the females, although the obese had the lowest ghrelin concentration,
and the overweight had the highest, it was not statistically signifiddn@. significant
increase in ghrelin concentration in overweight subjeets unexpectedshrelin function

as a keyhormonein metabolicand energy procegMihalacheet al, 2016), such that its

level rises when there is a negative energy balance, and falls in times of positive energy
balance. In obesityhich is a state of positive enerdpalance,ghrelin concentration is
usually low. This has been corroborated by studies in giygulations (Daghestagt al,

2007; Alvarezcastroet al, 2013; Busset al, 2014). Reason for the observed higher
ghrelin concentration in overweight subjedtsthe present study is uncledrpwever,
polymorphisms have been reported in ghrelin gene (Araneta and Ezoretor, 200Y,
andwassuggested to be responsible for racial differences in ghrelin secretioeretore,

mayexplain the disparity in theresent finding.

There was a reduction in ghrelin concentration in obese females more than the overweight,
but it was not statistically significant. This finding differs from the repor®imaIndians,

Saudi women, and Caucasigfischopet al, 2001 Daghestanet al, 2007; Bust al,

2014; Knudsermrt al, 2014). hedifferences may bas a result of small sample size in this
study. In addition, the present study observed higher ghrelin levels in normal and
overweight females, and lower levelthre obese, than in males, but the difference was not
statistically sigificant. The study ofSorianeGuillen et al. (2016) demonstrated sex
related differences ighrelin levels which was found to be highen females than in
males Also, astudy on mice haseportedhigher ghrelin levels in female mice, when

compared with rale mice(Lim et al, 2015, suggesting sexelated differencedHowever
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astudy on a Chinese population reported no significant gender difference in ghrelin levels

(Suet al, 2015)

Oxidative Stress Markers

The observed increase in MDA in overweight females in the present study may be
indicative of lipid peroxidation, which may be a consequence of oxygen metabolism,
probably due to high lipid content in diet f@ugh dietary pattern was not investigated in
the study).The increased MDA maylso be as a result obxidative stress probably
resulting from increasing age and diminishing oestrogen IBeslides, other studies have
also reported increased MDA concetiton in obese women; Uppoat al (2015)

observed increased MDA in obese postmenopausal women in India

The evidence of an alteration in the antioxidant status with oxidative stress status is based
on the change in antioxidant enzyme activities and Igedoxidation. Therefore, lipid
peroxidation in the present study was assessetj MDA level. In the studythere was
significant increase iconcentration of MDA irthe overweightfemales The presence of
increased MDA the overweight females, but not males, may involve the contribution

of female hormones in oxidative stressponsesTherefore, sexual dimorphism may exist

in antioxidant activities of enzymgeas was observed in childréafaret al, 2013.

The present studglso observeda significant increase in catalase activitythe obese
males The increase in activity of CAT may kes a result of CAT moppingp excess

ROS, induced by obesigs repaed byFurukawaet al.(2004).

Furthermore, findings in the present study could be due to the duration of obesity. For
example,in the developmental stages dfesity, antioxidant enzymes may be stimulated,
as was seen by increase in CAT in obese male subjects in the study. Howevereénnong

obesity, the sources of antioxidant enzymes may be depleted, resulting in decreased level

109



of activity. In addition, thelegree of obesity may influence antioxidant levels in the sense
that higher class of obesity may present with more demand on antioxidants in order to

curtail damage by ROS. In the process, antioxidants are depleted.

The observed decrease in MDA concemrgtand increased CAT activityp the overall
study population may have resulted from the effect on the males because of their larger

(186) sample size than that of the females.(94)

Lipid Profile of Study Participants

Serum levels of TC, LDL and HDL we notstatisticallysignificantly different between

the BMI classes in the overatudy participants. The difference in TG lewlpugh not
statistically significant, was highém the overweightsubjects Furthermore, all the serum
lipids, except for L, showed highest value in the overweight groups, in both males and
females, although none watatisticallysignificant.Lack of significant difference in lipid
profile between the groups may be as a resulall sample size of this studifricans
werefound to havdower TG leveldespite their high BMITekolaAyele et al, 2015, and

this may explain théack of significant differencén TG across the BMI classés this
study Some studies havalso failed to observe significanthanges in lipid profe in

obesity (Shatet al., 2016).

Blood Glucose Level in the Study Subjects

Although FBG was highest in obese males and overweight females in the present study, it
was notstatistically significant This could be attributed to the low sample size in the
study. A similar study in Korea also failed to observe a signifiaatationship between

BMI and impaired fasting glucose (Homgal., 2014. However, a study in Soutvest

Nigeria by lwealaet al (2013)reported a significant positive correlation beaweéBMI and

110



random blood glucose in females but not in males. Geographical location, cultural and

genetic factors may contribute to this inconsistency.

Haematological Rarameters

The present study observed a significant incread®¥B€ countin obesemale subjects,
similar to the study of Raghavaet al. (2016). They also relatethat increase leucocyte
count mayindicat the onsetof metabolic syndromé obese subjectderipheral blood
leucocytosisand tissue leucocytosere hallmarks of inflammatory pragg which have
been demonstrated in obese patigiiRaghavanet al, 2016. Inflammation results in
release of proinflammatory cytokines including TNF a n-8, which subsequently
lowers adiponectin secretion, and eventually ldadssulin resistance and other metabolic
complications.Increased WBC count in obese male subjects, therefore may inditate
inflammatory response tthem Small sample size of the female subjects could be the
reason for lack of significant changesthe WBC count in contrast to the findings of
Farhangiet al (2013), in IraniansThey observed aignificant increase in W8 count in

obese females

Packed Cell Volume

There was an observed increase in PCV in obese malas study.

Increased PCV in obesiig one of the risk factors for cardiovascular and other diseases
(Salih et al, 2016) PCV is the most important inghtor to determine viscosity of the
blood. Viscosity of the blood is an indicator of vascular risks, and increasedsBddwn

to increase viscosity of the blo¢8alihet al, 2016).

Pattern of Helicobacter pyloriinfection
The overall prevalence ¢. pylori in the studywas 45.1% whichwas lower than 70%

90% that wasreported by Carabotét al (2014).Reason for the lower prevalence rate in
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the present study may be because the study was conducted within a university setting,
which has better saattion, and improved hygiene. Poor sanitaonditions and hygiene

have been found to increase the risk of infectiorHbyylori bacteria (Laszewicet al,

2014) Helicobacter pylorinfection was observed to be more prevalent in female subjects

(66.3%) han male subjects (34.6%).

Linear Correlations

There was astrongpositive associatiobetween adiponectiandghrelinin both males (r =
0.442, P< 0.001) and females (r = 0.474<R.001) in this studyAdiponectin and ghrelin

are hormones that arevimlved with energy processes, and have both been found to be
decreased in obesityherefore, more ghrelin level is suggestive of higher adiponectin in
circulation, and a lower BMI. High ghrelin concentration has been found in leaolese

individuals anl in obese women after weight IqSakobsdottiet al, 201§.

This study demonstrated a significant relationship (r = 0.2870M®01) between age and
ghrelin level in male participants, but this relationship was not observed in the $emale
This finding could be due to sexuaffdrences in ghrelin secretididorianeGuillen et al,

2016). The different association of ghrelin levels with age and gendgrsoggest a
variation in appetite and energy regulation depending on age (S@iahen et al,
2016).Therefore as age progresses, ghrelin secretion may tend to be higher, and this may

induce appetite.

Correlation of Adiponectin with BMI

This studyobservedno significant (P > 0.05) correlation between BMI of participaartid
adiponectin in both sexesnd it agrees withthe study of Vaygharet al (2013),in
Iranians.Talaeiet al. (2016)could not establish a significant change in adiponectin level

after weight loss. HoweveGchoenenbergeat al (2015)andAyina et al. (2016)reported
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an inverse correlation between adiponectin and .BMktudy in healthy Japanebseve
also shown that adiponectin level ieduced in obesenen (Nakanishiet al, 201§.
Differences in the finding may be as a result of feiteic variations in the association

between adiponectin and BNfBarceneret al, 2013.

Physiologically, women have more subcutaneous fat than men, whariae visceral fat
than womenAdiponectin is synthesized mainly in subcutaneous fat cells, of which women
have relatively more than men and it is secretestiy by adipocytes. Women may be
expected to have lower adiponectin level, since it has been established in the literature that
adiponectin is inversely correlated to subcutaneousKiahida et al, 2014). Consistent

with this finding, the present studypserved that women in the normal group had higher
adiponectin concentration than maleshd same groupUnexpectedly, in the overweight
group, males had higher adiponectin caoriation than womerin the same group, but
there was no change in adipotiecconcentration in obese subjects in both males and
females. The reason for thissgarity is difficult to explainHowever, evels of adiponectin
may be different in men and women as they each have a differenttagbpsition and fat
distribution(Vayghanet al, 2013).Women have more body fat than men, while men have
more muscle tissue. Considerinigetfat distribution, men have more visceral fahich
secretes less adiponectamd women have more subcutaneous dtich secretes more

adiponectin.

Relationship between Aliponectin and Lipid P rofile

Adiponectin has been correlated with various parameters of lipoprotein metabolism,
particularly the metabolism of HDL and triglycerides, where it appears to stimulate an
increase in serum HD[Coteet al, 2005. In the present studthere was naorrelation
found betweenthe various fractions of lipoproteins and adiponectineither male or

female participantsAlthough @& inversetrend was observed in the male subjects in all the
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serum lipids, and in the females, only TG level was negative with respect to adiponectin,

none was significant.

The present studgbserved ncsignificant association of adiponectin ahB®L in both
males andemales Adiponectinis known topromote the catabolism of triglyceridieh
lipoproteins, and this lowers the levels of triglycerid€hristou and Kiortsis, 20}3
Hence, an association is expected between adiponectin and triglycéyies.et al
(2016), in their study on a Cameroonian populatioioserved adiponectin to correlate

positively and gnificantlywith age and negatively with BMI.

The present studydid not observe any significant relationship betwaediponectin and
HDL in both males and femaleBut the study of Maghsoudet al (2016), conducted
among Iranian adolescent girls and reported a sggmfi negative association between
adiponectin and triglycerides well asHDL. Eslamianet al. (2016)alsodemonstrated a
postive significant (r = 0.23, P €.05) association between adiponectin bpid profile,
specifically, total cholesterol, as wellsLDL (r = 0.30, P< 0.001) but in type 2 diabetic
patients.The finding further contribute to the inconsistencies in the association between

adiponectin and lipoproteir{€hristou and Kiortsis, 20}3

Adiponectin and Helicobacter pylori

The relationship between adiponectin afd pylori infection has been inconsistent in
various populations. The present study demonstrated a strongivaegalationship
between adiponectin arntd. pylori infection, in both males (r =0.507, P< 0.001) and
females (r = 419, P< 0.001).This may suggest that infection bl pylori bacteria could
have a negative effect on adiponectin concentratianakes and females in this study. It
may also infer thatH. pylori infection lowers adiponectin level, and therefdse,pylori

infection may contribute to adverse health effects, such as metabolic syndromematich

114



have beercontributed bylow adiponectin oncentration in the bod¢Ando et al, 2013.

On another perspective, mayinfer that high level of adiponectin could lower infection

rate byH. pylori bacteria. Tiefinding is in agreement with the study of Aneibal (2013),

who observed that eradication df pylori causes an increase in circulating adiponectin
level, in a Japanese population, meaning that the presence of the infection caused a

reduction in ciralating adiponectin level.

Relationship betweenGhrelin and Adiponectin

The present study demonstrated a significant and positive relationship irsdsah
between ghrelin and adiponectitdigher adiponectin concentration was found to
contribute to antixidant function of ghrelirfBarazzoniet al, 2014, which may infer that
function of ghrelin is dependent on higher adiponectin leVéis may explain the
significant and positive relationship that was demonstrated in s$mthsbetween ghrelin

and adiponectin.

Ghrelin and Catalase

The strong correlation of ghrelin with catalasehe presenstudyis an indication of the
antioxidant function of ghrelin. Is similar with the study oShimadeet al. (2014, Buldak

et al (2015),and Koyuturket al. (2015) For exampleShimadaet al (2014)demonstrated

that pretreatment of human retinal microvascular endothelial cells with ghrelin increases
defense againsROS, through improvingthe expression of catde. Other antioxidant
property of ghrelin has aldmeen determined ia recent study b@mraniet al (2015, in

which theyshowed that ghrelin decreases the level of ROS by increasing the activities of
CAT. Therefore, the finding in the present study masoauggest that CAT may be

involved in eliciting antioxidant function of ghrelin
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Ghrelin, Gender and other Antioxidants
Antioxidant activities of CAT and SOD were significantly relatedhwserum ghrelin
levels in males, but not in femalesiggesting that gender may be a determinant in the way

the body responds to oxidative strassa result of obesity in this studied population.

Effect of Ghrelin on WBC

Significant relationship which was observed between ghrelin and WBC count in females
could be attributed to the role of ghrelin in inflammatiddhrelin is known to have anti
inflammatoryfunction Elevated WBC count, observedthre obe® male subjectanay be

as a resltiof release of macrophageshich are induced by dead adipocytes.

Role of Ghrelin in Gender, Age and BMI

Age had a strong positive relationship (r = 0.28% €.001) with serum ghrelin in the

male subjectsput no significant association was observed in the females. This may
suggest a possible increase in ghrelin secretion with increasing age in males. In the

females, age may not affect ghrelin secretion, is shudy.

Ghrelin levels in both males and females were not associated with BMI in this Shely
finding is unexpected because ghrelin is an indication of metabolic S@&tasi and
Milani, 2016) It increases when there is negative energy balande®crease when there

is positive energy balance. The lack of a significant association in this study could be as a
result of the low sample size. Previous studies have obseweite correlation between
ghrelin and BMIin various populationgMonti et al, 2006 Daghestani, 2009). Other
studies also reported significant association between ghrelin and®Mt al, 2015 Pop

et al, 2015)

116



Ghrelin and Helicobacter pylori

This study did not observe a significant associabietween ghrelin levels witHl. pylori
infection, in both males (r =0.114, P > 0.05) and females (r = 0.142, P > 0.@5)ay be
expected that since ghrelin is secreted in the stomach.aoglori bacteria directly infect

the gastric mucos#heinfection mayinterfere withghrein secretionlt may, therefore, be
hypothesised that invasion of the gastric mucosa may affect secretions in the gastric
mucosa. Data from previous studies failed to establish a conclusive theory on the
relationship of ghrelin wittH. pylori infection, een though several observational studies
have demonstrated thidt pylori infection suppresses circulating ghrelin lev@sltin and

Niv, 2012. A recent study gorted an increase in circulating ghrelin level aftérpylori
eradication(Choi et al, 2015, while another study failed to observe an effect on ghrelin

level afterH. pylori eradication(Erenet al, 2015.
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CHAPTER SIX

6.0SUMMARY, CONCLUSION AND RECOMMENDATIONS
In this crosssectional study on random samples of apparently healthy adults, differences
(in measurements and assays) between sex and across BMI categories were observed. Data
from relevant literature indicated differencea values most commonly within
overweight/obese groups. However, in this present study, abnormal values were observed
mostly within the overweighgroup and not the obese group, probably because overweight
is a transitional phase in chronic obesity, andsash, may not actually portray similar
observations as may be seen in lbegn obesity. In additiogbese subjects in the present
study are mostly wit hi 9, inahichsignificant ¢chéntyes ma 30

not be readily observable whemgpared with controls.

A Adiponectin and Ghrelin concentrations differ in overweight male subjectspbut n
in female subjects.

A Oxidative stress may be present in overweight and obese male and female subjects.

A Lipid profile may not be altered by overweight status, in male and in female
subjects in the present study.

A Haematological changes occur in overweiht obese male and female subjects.

A A positive relationship exist between adiponectin and ghrelin in both males and
females in the study.

A Ghrelin may have an ameliorative effect on oxidative stress in males, but not in
females.

A Ghrelin concentration maydérease with advancing age in males.

A H. pyloriinfection has a negative effect on adiponectin in males and in females.
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Figure 6.1: A proposed mechanism linkingHelicobacterpylori infection, Adiponectin
and obesity

In obesity, adipocytes hypertrophy results in deaittadipocytes. The dead adipocytes
attract macrophages, leading to inflammation and releake proinflammatoty
adipocytokines including tumour necrosis factor alpha and interléukifhese cause
decreased gene expression for adiponectin, consequentlyrigveeliponectin level. Low
adiponectin level decreases insulin sensitivity and result in increased risk for metabolic
complications including insulin resistance.

Obesity also predisposes to increased risk of infections includelgcobacter pylori
infection, as suggested from our study, shown by increased leukocyte count in obese
subjects. Furthermore, in our study, inverse relationship was observed bétwpgori
infection and adiponectin concentration. Therefdtle,pylori infection, which may be
cortributed by obesity, further reduce adiponectin level with a consequent increase for
metabolic abnormalities.
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Recommendations
The present study for the first time, evaluated eneegylating hormonegadiponectin
and ghrelin)in this part of the worldOur research has established that variations in
concentrations of adiponectin and ghrelin occur in overweight and obese sulnjects.
addition, our study suggests the occurrence of oxidative stress in overweight and obese
subjects. Finally, we have, for tliest time in Nigeria, observed an inverse relationship
between adiponectin arl pylori infection.We therefore, recommend the following:
A Further research on adiponectin and ghrelin levels in the local population are
needed in order to establish a normaage of values for our population.
A Research on obesity in the country should incorporate more biochemical
parameters as there is paucity of information and literature concerning these.
A H. pylori screening should be adapted in primary health care, amitleffective
treatment strategy, because of its possible involvement in lowering adiponectin, and

the overall importance of adiponectin in the body.

Contribution to Knowledge
The following are contribution to knowledge:

A The study found thatdéponectin conentrations in normal, overweight and obese
malesasl.4 £ 003, 1.6 + 0.06, and 1.5 + 0.Q&/L, while, in femalesit was1.5+
0.06, 1.4 + 0.07, and 1.5G:05 ug/L, respectively.

A Ghrelin concentration in normal, overweight and obese nadé1.2 + 1148,
718.9 £ 94.40569.7 = 24.9Mg/L, while infemaleswas716.4 + 128.22, 748 +
198.93, and 556.3 = 20.5g/L, respectively.

A Oxidative stress occurs in overweighith highest MDA concentration df91.2 +
14.81 nmol/mg; K 0.01) and obeseas thehighest value for activity of catalass

43.0 +£1.93 U/mg.
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A Demonstrate antioxidant properties of adiponectin and ghrelin in our population, as
observed by the significant positive correlations between adiporea®di€AT (r =
0.198, P< 0.01);ghrelin andCAT (r = 0.235, < 0.01); and ghrelin and SOD (r =
0.189, P<0.05) in male subjects.

A For the first time, a significant inverse relationship between adiponectirHand
pylori infection was foundin our population (males: r =0.507, P = 0.01 and
Females: r =- 0.419, P = 0.01).

A A significant positive relationship was observed between adiponectin a d ghrelin in
males(r = 0.442, < 0.01) and in fenales (r = 0.474, R0.01), with the regression
equations

A Males: y = 143.96x + 321.26
A Females: y = 131.52x 331.76
A A proposed mechanism for the relationship between adiponectirHamylori

infection in obesity (Figure 6.1).

Limitations of the Study

i. Total ghrelin concentration, and not acylated ghrelin, was assayed in the study.

ii. Total adiponectin was measua and not the HMW, which has been proposeceto b
more useful in risk assessmaritseveral diseases including obesity (Nigtal.,
2014).

iii. Helicobacter pyloriinfectionwas assayed by serological tesfitigerefore tis may
give a positive result eventifie infection has been cleared, that is, a false positive

iv. Absence of ppticulcerwas ol el y based on subjectsd
any diagnostic test.

v. There were unequal sample sizes between groups.
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Appendix Il

Samples of Result Slips for ELISA Microassay Measurement
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Appendix Il

Other Tables

Correlation (r) between Adiponectin and Markers of Oxidative Sress

Correlated Parameters Males (n = 186) Females (n = 94)
Adiponectin and Malondialdehyde -0.050 0.025
Adiponectin and Superoxide dismutase 0.056 0.066
Adiponectin and Glutathione -0.027 -0.172
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Correlation (r) between Adiponectin, Serum Lipids and Glucose

Correlated Parameters

Males (n = 186)

Females (n = 94)

r (p value) r (p value)
Adiponectin and Low-density lipoprotein -0.035 0.061
Adiponectin and High-density lipoprotein -0.011 0.018
Adiponectin and Total cholesterol -0.053 0.057
Adiponectin and Triglycerides -0.084 -0.021
Adiponectin and Glucose 0.087 0.016
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Correlation (r) between Adiponectin and Haematological Rirameters

Correlated Parameters Males (n = 186) Females (n = 94)
r (p-value) r (p-value)
Adiponectin and White blood cell count -0.005™° 0.130™
Adiponectin and Red blood cell count 0.072M° -0.007M®
Adiponectin and Haemoglobin 0.103"° -0.027M
Adiponectin and Packedcell volume 0.125"° -0.023%°
Adiponectin and Neutrophils 0.140M -0.240M°
Adiponectin and Lymphocytes -0.114N° -0.173"°

NS= Nonsignificant difference
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Correlation (r) between Ghrelin and Oxidative Stress Markers

Correlated Parameters Males (n=186) Females (n= 94)
Ghrelin and Malondialdehyde 0.118 0.085
Ghrelin and Superoxide dismutase 0.189 0.058
Ghrelin and Catalase 0.059
-0.036

Ghrelin and Glutathione -0.002
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Correlation (r) between Ghrelin, Serum Lipids and Glucose

Correlated Parameters Males (n = 186) Females (n = 94)
Ghrelin and Low-densty lipoprotein 0.016 0.211
Ghrelin and High-density lipoprotein 0.070 -0.069
Ghrelin and Total cholesterol 0.061 0.187
Ghrelin and Triglycerides 0.028 -0.108
Ghrelin and Glucose 0.062 0.073
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Correlation(r) between Ghrelin and Haematdogical Parameters

Correlated Parameters

Males (n=186)

Females (n= 94)

Ghrelin and White blood cell count -0.015 0.206
Ghrelin and Red blood cell count -0.115 -0.051
Ghrelin and Haemoglobin -0.088 -0.073
Ghrelin and Packed-cell volume -0.066 -0.100
Ghrelin and Lymphocytes -0.056 -0.139
Ghrelin and Neutrophils -0.043 -0.160

*=P < 0.05
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Correlation between Ghrelin, Anthropometric Parameters andHelicobacter pylori
Antibodies

Correlated Parameters Males (n=185) Females (n= 9%
Ghrelin and Age -0.100
Ghrelin and Body mass index 0.133 -0.102
Ghrelin and Systolic blood pressure 0.046 -0.052
Ghrelin and Diastolic blood pressure 0.078 0.067
Ghrelin and Helicobacter pylori -0.114 0.142
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New Insight into the Role of Ghrelin and the FTO Gene in Obesity
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The alarming rise in prevalence of obesity, coupled with undesirable health effects and increase in morbidity as a result of co-occurrence of
obesity with other diseases, makes it very important to fully investigate the role of gastrointestinal hormones and related factors, such as
genetics. Hormones of the gastro-intestinal tract play important roles in the neuro-endocrine regulation of food intake and satiety after meals,
therefore representing a significant part of the complicated process involved in the process of energy regulation. Ghrelin is a gut hormone that
is produced by cells within the gastric fundus, and is a major regulator of body weight. Impairment in ghrelin secretion may, therefore be
relevant in the pathogenesis of obesity. The recently discovered FTO gene is found to affect ghrelin secretion. In conclusion this paper aims
to highlight the connection between ghrelin and the FTO gene in obesity. It reviews new findings on the role of ghrelin in obesity, in connection

with the polymorphism in the obesity-related gene.

Key words: Ghrelin, FTO-gene, Obesity

INTRODUCTION

Gastrointestinal (GIT) hormones play important roles in
neuroendocrine regulation of food intake, and postprandial
satiety. These hormones constitute a significant part of the
complex regulation of energy balance (Lean and Malkova,
2015). Ghrelin, mainly produced in the stomach, is involved
in the long- term regulation of body weight, satiety and meal
termination (Mishra et al., 2016). Obesity, which is widely
defined as an imbalance between energy intake and energy
expenditure as a result of overnutrition (Lokuruka, 2013) may,
therefore, be affected by impairments in ghrelin secretions. In
addition, the newly discovered obesity-related gene, called the
FTO gene, is also involved in food intake and obesity. A
ghrelin-driven shift in the energy balance to positive values
could be hypothesized to promote weight gain in those who
carry the fat mass and obesity-associated (FTO) gene that has
been linked to obesity (Benedict et al., 2014). There is a global
increase in the prevalence of obesity and its associated
comorbidities, and because of the impact of these conditions,
research efforts have been focused on better understanding of
regulation of metabolism, and the possibilities of preventing
and/or treating obesity.

The aetiology of obesity is multifactorial, but mainly
involves both genetic and environmental factors. Over the
years, treatment and management of obesity that are aimed at
maintaining clinically- significant weight loss are inadequate.
Modulation of satiety perception through changes of GIT
hormone secretion could be a primary approach to prevent
and/or treat obesity and its complications (Troke e al., 2014).
Prevalence of obesity has increased dramatically over the
years, with an estimated 857 million overweight and obese
adults in 1980, and an alarming increase to 2.1 billion
overweight and obese adults in the world, in 2013 (Ng ez al.,
2014). This rate has more than doubled in the last three

*Author for correspondence: +234-08024924121
E-mail: maryam. dewu/@abu.edu.ng

decades with a current world prevalence of obesity alone
estimated at 600 million, and overweight as 1.9 billion (Ng et
al., 2014; Altabas and Zjaci¢-Rotkvi¢, 2015; Mishra ef al.,
2016). In fact, in 1997 the World Health Organization (WHO)
formally recognized obesity as a global epidemic (Caballero,
2007). In west Africa, obesity rate is estimated to affect 10 %
of the population (Abubakari er al., 2008), while in Nigeria,
overweight and obesity in the general adult population are
approximated at 20.3 % - 35.1 % and 8.1 % - 222 %
respectively (Chukwuonye er al., 2013). There is, therefore, a
world- wide obesity pandemic, and this may be partially
explained as a result of sensory stimulation related to food
(that is, hedonic inputs) and overconsumption of palatable,
energy-dense meals that have increased markedly in society,
whereas basic homeostatic satiety controls have remained
stable (Lean and Malcova, 2015). Furthermore, it has been
documented that obese subjects have delayed onset of satiety
after meal consumption, which might be due to alterations in
hormonal responses to food intake (Hellstrom, 2013).

Obesity is associated with a range of comorbid conditions
such as metabolic diseases, cardiovascular diseases and the
development and progression of several cancers (Chen and
Enriori, 2015). It is also associated with increases in premature
mortality, impaired quality of life, large healthcare cost, and
presents a real burden for the modern hyman society (Altabas
and Zjagi¢-Rotkvié, 2015). To prevent the development of
obesity it is crucial to understand the mechanisms that regulate
food intake and energy expenditure.

What is Ghrelin?

Ghrelin is a 28- amino acid peptide that was initially
discovered in 1996 by Kojima and colleagues, but reported in
1999 (Kojima et al., 1999). Ghrelin is synthesized by the
endocrine X/A-like cells of the fundus mucosa, and secreted
by the stomach and duodenum The endocrine X/A- like cells
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represent about 20% of gastric mucosal cells in humans
(Delporte, 2013). Ghrelin was initially thought to be the
natural ligand for the growth hormone secretagogue (GHSR)
receptor, however, recent studies have confirmed ghrelin as a
hormone (Sato et al., 2014). GHSR was discovered before
ghrelin. Circulating ghrelin exist in two major forms: more
than 90% as desacyl ghrelin, and less than 10% as acyl ghrelin
(Delporte, 2013). The acyl group of ghrelin is essential for
binding to its receptor, called the growth hormone
secretagogue receptor, (GHSR), which is essential for its
actions (Verhulst and Depoortere, 2012; Sato et al., 2014).
Ghrelin serves a key regulatory function in energy
homeostasis. It is the first circulating hormone that has been
demonstrated to stimulate food intake in man (Kojima er al.,
1999; Perez- Tilve et al., 2011).

Formation of Ghrelin

The human ghrelin gene is found in chromosome 3, and
subsequent transcription and translation within the X/A-like

GOAT

oxyntic cells in the gastric fundus, leads to initial formation of
preproghrelin. Preproghrelin is then converted to proghrelin,
which is subsequently cleaved by the enzyme ghrelin- O-
acetyltransferase (GOAT), to become ghrelin (Equation 1). At
an unknown stage in its processing, an acyl group is added to
ghrelin, to form acyl-ghrelin, which is believed to be the active
form that stimulates ghrelin receptors. Acylghrelin constitutes
only about 10% of the circulating ghrelin, majority exist as
des-acylghrelin. The acylation of ghrelin is required to activate
the GHS-R and to mediate its effects on GH secretion and food
intake. Majority is produced by the X/A-like cells in the gastric
oxyntic mucosa (Date et al., 2002; Sakata et al., 2002; Cheung
and Wu, 2013; Delporte, 2013). The function of des-
acylghrelin has not been fully elucidated, although it is thought
to also be involved in feeding through a separate mechanism
from acylghrelin (Kojima ef al., 1999; Toshinai et al., 2006).

Preproghrelin- Proghrelin  eessss—=y Ghrelin.
)

X/A-like cells in gastric fundus

Ghrelin and Food Intake

When food is ingested, the nutrients stimulate release of a
variety of hormones from entero-endocrine cells throughout
the gut and pancreas. All these hormones have the potential to
modulate food intake. GIT hormones result in three major
outcomes:

i Meal termination

ii. Inhibition of subsequent meal intake

iii. Orexigenic modulation

Ghrelin participates in regulating the complex process of
energy homeostasis, which involves both energy input (by
adjusting hunger signals), and energy output (by adjusting the
proportion of energy that will go to adenosine triphosphate,
ATP, production, fat storage, glycogen storage, and short-term
heat loss) (O’Connor ef al., 2016). The arcuate nucleus in the
hypothalamus appears to be the main site of action of ghrelin
on food intake; ghrelin administration into other hypothalamic
sites (including the paraventricular nucleus and lateral
hypothalamus), and non-hypothalamic sites (such as the
hindbrain) also promote positive energy balance (Nogueiras er
al., 2010). The physiological mechanisms that are concerned
with regulation of food intake are complex; when food is
ingested, gastric distensions and nutrients stimulate release of
a variety of hormones from entero-endocrine cells throughout
the gut and pancreas. These hormones act through the central
nervous system (CNS) to regulate energy; a key region in the
CNS that is involved in the regulation of appetite is the
hypothalamus (Bewick, 2012). Ghrelin induces food intake by
stimulating neural pathways in the CNS, including
hypothalamus and the hindbrain, mainly through the gut- brain
axis, which plays a major role in the regulation of food intake
(Perez-Tilve et al., 2011; Lean and Malkova, 2015). This is
illustrated in the diagram below (Figure 1).

Meal ingestion results in gastric distension and production of
peptide hormones by enteroendocrine cells, both of which can
promote a feeling of satiety, and a desire to stop eating (Lean
and Malkova, 2015). Peptides that are released from multiple
sites in the gut in response to ingested food, and the arcuate

100

- Equation (1).

nucleus is involved in the immediate need for food intake
(Konturek et al., 2004). The arcuate nucleus coordinates the
homeostatic process concerned with food intake, groups of gut
hormone receptors that are contained within the arcuate
nucleus are responsible for mediation of this action of appetite
regulation. These neurons are; 7

i. The pro-opiomelanocortin

inhibiting neurones.

ii. Neuropeptide-Y (NPY) and agouti-related peptide

(AgRP) appetite-stimulating neurons.

NPY and AgRP modulate melanocortin receptor to stimulate
food intake. Signals from the periphery results in changes in
the relative activity of these neuronal populations and the
release of their respective neuropeptides, which subsequently
influence feeding behaviour and energy expenditure (Perry
and Wang, 2012). Ghrelin stimulates the arcuate nucleus to
release NPY and AgRP, which act through the paraventricular
nucleus, causing a decrease in the membrane excitability of
POMC neurones that secrete melanocortin receptor agonist
(the o-melanocyte-stimulating hormone, MSH-a). MSH-a
suppress food intake, therefore, decreasing membrane
excitability of neurones that cause its release, will enhance an
increase in food intake (Perez-Tilve et al., 2011).

Ghrelin is the only known circulating factor that potently
increase food intake (Perez- Tilve ef al:, 2011). The arcuate
nucleus in the hypothalamus appears to be the main site of
action of ghrelin on food intake; ghrelin administration into
other hypothalamic sites (including the paraventricular and
lateral hypothalamus) and non-hypothalamic sites such as the
hindbrain also promote positive energy balance (Nogueiras e
al., 2010). The gut-brain axis is the physiological driver of
satiation in humans, its continuing role in regulation of food
intake and maintenance of body weight is supported by a body
of evidence (Lean and Malkova, 2015). For example, mice that
lack both NPY and AgRP do not increase their food intake
when administered with ghrelin. Likewise, ghrelin does not
stimulate food intake in mice that lack melanocortin receptors,
therefore, NPY and AgRP are mediators of the orexigenic

(POMC)  appetite-
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effect of circulating ghrelin via inhibition of melanocortin
signaling (Perez- Tilve et al., 2011).

The fat mass and obesity-associated (FTO) Gene
The FTO protein is a known alpha-ketoglutarate- dependent
dioxygenase. FTO is an enzyme that in humans, is encoded by
the FTO gene. It is located on chromosome 16. Certain
variants of the FTO gene appear to be associated with obesity
in humans (Loos and Yeo, 2014). The risk allele is a cluster of
ten single nucleotide polymorphisms (SNP) in the first intron
of the FTO gene, coded by rs9939609 (Chu et al., 2008).
Polymorphisms within the FTO gene are associated with
increased body mass index (BMI) and adiposity across
different ages and populations (Karra et al., 2013). The FTO
obesity-risk variant gene has a population frequency of the
following:

e 45 % in west/central Europeans

e 52 %in Yoruba's (West-African natives)

e 14 % in Chinese/Japanese.
Accumulated data across several independent studies
implicates the FTO gene in humans as having a direct impact
on food intake. It has been suggested to play a key role in
regulating energy homeostasis, since it is highly expressed in
brain regions that control feeding and energy expenditure,
such as the hypothalamus. Despite these, the exact
physiological function of the FTO gene is not known,
however, studies in mice and humans indicate a role in nervous

Higher Brain Centres

{Hedonic mediators)
4

and cardiovascular systems, and also a strong association with
BMI, obesity risk, and type-2-diabetes mellitus (Karra et al.,
2013; Claussinitzer et al., 2015).

Previous studies have revealed that a single-letter
variation in the genetic code for the FTO gene is linked with
an increased risk of obesity. A unique design was used to study
healthy male volunteers to examine the ‘real- life’ effects of
the FTO variation in humans. Men with obesity- risk (FTO)
gene were matched for bodyweight, fat distribution, and social
factors. Levels of ghrelin tested in their blood show that men
with high-risk FTO gene variation had higher and felt hungrier
after meal than men with low-risk variant of the gene
(Batterham et al., 2013). This suggests an impairment of
ghrelin suppression (which normally occurs after meals) in the
group with the FTO high-risk gene variant. The FTO gene is
found to enhance ghrelin levels in humans (Benedict et al.,
2014). A ghrelin-driven shift in the energy balance to positive
values is hypothesized to promote weight gain in those who
carry the FTO obesity-risk rs9939609 A allele (Chey et al.,
2013). Furthermore, recent studies show that people with high-
risk (FTO) gene have a higher level of the hunger hormone,
ghrelin, in their blood after meals (Benedict ez al., 2014). This
means that they start to feel hungry again soon after eating a
meal. Real-time brain imaging reveals that the FTO gene
variation changes the way the brain responds to ghrelin, and to
images of food, in the regions that are linked with the control
of eating and reward (Batterham et al., 2013).

Food

¥ Vagus Nerve

Gut
hormones Nutrient sensing G-protein
0.9.PYY;.36 receptor, 8.g. GPR 119
TFoodintake | Food Intake GLP-1

Figure 1: Gut-brain axis regulation of food intake.

PVN- paraventricular nucleus ; PYY- petide YY ARC- arcuate nucleus

GLP- glucagon-like peptide;

NYP- neuropeptide Y; AgRP- agouti-related peptide; POMC- pro-opiomelanocortin nucleus

A proposed mechanism for enhanced ghrelin levels is
explained as follows:

Archives of Basic and Applied Medicine 3 (October 2015): Ciroma et al

In the obesity-associated single  nucleotide
polymorphism, cytosine is substituted for thymine, and
this is involved in the expression of IRX3 and IRXS
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genes in human brain. Enhanced expression of [RX3 and
IRX5 genes that result from this single nucleotide
alteration promotes a shift from energy-dissipating
brown adipocytes to energy-storing white adipocytes,
and a subsequent reduction in mitochondrial
thermogenesis (Smemo et al., 2014).

The FTO protein now alters the ghrelin gene by causing
methyl chemical groups to be removed, (a so- called
epigenetic modification). Removal of the methyl groups
has an impact on how many proteins the ghrelin gene
produces. The high obesity- risk variant removes more
methyl groups from the gene, and this leads to increased
levels of the hunger hormone after meals (Benedict et
al., 2014). In other words, when FTO gene is
overexpressed, there is reduced ghrelin mRNA N6-
methyladenosine methylation, with a concomitant
increase in ghrelin mRNA and peptide levels (Benedict
etal.,2014).

How is Ghrelin involved in the Pathophysiology of
Obesity?

It is a documented fact that ghrelin stimulates food
intake, and also aids in sensing the palatability of food.
High ghrelin in circulation means more food ingestion,
blocking the action of ghrelin can just be an effective
treatment for obesity. However, just like so many things
in biology and science, it is much more complex than it
seems.

If ghrelin stimulates hunger, then why can’t a
ghrelin antagonist be an effective therapy for obesity?
Research is currently underway in developing an anti-
ghrelin kind of drug that can be the answer to the menace
of obesity. In fact, the Scripps Research Institute in
California in 2006 successfully developed an anti-
obesity ghrelin vaccine, which is able to slow weight
gain and reduce body fat in animals. In addition, ghrelin
sensitivity has been found to be more pronounced in
obese individuals than in normal weight people, thereby
targeting inhibition of circulating ghrelin as a useful
therapeutic means of treating obesity (Hepper and Tong,
2014).

In addition, people who lose weight by dieting
usually find it difficult to maintain a healthy weight;
there seem to be a rebound weight gain afterwards. This
may be explained as a result of obesity possibly
affecting hypothalamic circuits that regulate appetite
and this impact a rebound weight gain after weight loss,
this phenomenon is especially seen in diet- induced
obesity (Karra et al., 2013). Therefore, antagonism of
the ghrelin system immediately after diet-induced
weight loss may provide protection from rebound
weight gain that is usually seen in people who lose
weight by dieting. However, inhibition of the ghrelin
system by pharmacological antagonism of ghrelin O-
acyltransferase, an acyl-ghrelin—specific neutralizing
antibody, GHSR antagonism, or ghrelin vaccination to
reduce acute weight gain, may also induce negative side
effects on numerous ghrelin-regulated behaviors, such

as neuroprotection, learning, memory, and motivation
(Chen and Enriori, 2015).

Over the past thirty years, GIT hormones have been
increasingly understood to play an important role as a
regulator of appetite and energy balance in obese
individuals (Troke et al., 2014), it is now partially clear
that gut hormones play a role in the regulation of body
weight. Ghrelin, as the ‘hunger’ hormone, fits with the
notion of homeostatic control of body weight; high
circulating ghrelin in lean individuals favors increased
food intake and positive energy balance. Weight loss,
however, in obese people, result in an elevation of
ghrelin level, which may contribute to the difficulty in
maintaining ideal weight after weight loss. Ghrelin
sensitivity has also been found to be more pronounced
in obese individuals than in normal weight people,
thereby targeting the inhibition of circulating ghrelin as
a useful therapeutic means of treating obesity.
Nonetheless, the mechanism is still unclear (Patterson et
al.,2011; Hepper and Tong, 2014).

Some studies have revealed a total lack of postprandial
ghrelin suppression in obesity (Hellstrom, 2013) other
studies have found normal or incomplete postprandial
ghrelin suppression in the obese (Uchida ef al., 2014).
The reduced ghrelin response or its complete
insensitivity to meal- induced suppression may
contribute to the inability to lose weight in some obese
patients (Engstrom er al., 2007). Gherlin secretion
follows a circadian rhythm, it rises from midnight to
dawn in thinner people. This suggests a possible flaw in
the circadian rhythm of obese people (Yildiz et al.,
2004; Fonken et al., 2014). Previous studies have
shown that ghrelin is increased by lack of sleep, while
the same situation of lack of sleep causes a decrease in
leptin, which is the satiety hormone that signals a person
to stop eating. Therefore, short sleep duration may also
lead to obesity through an increase in appetite via
hormonal changes. The rise in ghrelin level and fall in
leptin which occurs due to lack of sleep has a resultant
effect of producing hunger, and probably obesity
(Cappuccio et al., 2008).

Decrease in ghrelin level occurs after obesity surgery.

This is proposed to be involved in the mechanisms that

induce sustained weight loss in bariatric surgery when

compared with diet- induced weight loss. The surgery

procedures reduce weight at least in part, by

suppressing ghrelin production and its appetite

stimulating effects. However, the mechanism by

which gastric bypass leads to a reduction in ghrelin

levels is still not fully understood, although it has been

suggested that a permanent absence of food in the

stomach which results from gastric bypass could cause

a continuous stimulatory signal that ultimately

suppresses ghrelin production through a process of
overriding inhibition (Cummings et al., 2004). In sleeve

gastrectomy, ghrelin levels are greatly suppressed

probably due to resection of the gastric fundus, which
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is the most important site of ghrelin production in
humans (Nwokolo, 2013).

Concluding Remark

» High circulating ghrelin in lean individuals favors
increased food intake and positive energy balance.

» Impairement of ghrelin secretion may contribute to
the difficulty in maintaining ideal weight after
weight loss.

e High-risk variant of FTO gene, whose exact
physiological role is not known, may be the cause of
an impairment of ghrelin secretion, which
contributes to obesity.

There is a possibility of modification of ghrelin as a

therapeutic agent in obesity
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