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ABSTRACT

The aim of this study is to investigate the effect of metformin and betahistine along with lifestyle change on weight and plasma
adiponectin and nesfatin-1 in obese women in Irag. This study was carried out on 90 female patients, with an age range of 18-50
years, allocated into three groups. Patient’s history was taken, and clinical examination was done to meet inclusion criteria. Serum
transaminases and estimated glomerular filtration rate were tested at baseline to exclude hepatic or renal abnormalities. Each
metformin and betahistine, along with lifestyle intervention highly significantly reduced weight, waist circumference, increased
plasma adiponectin and decreased plasma nesfatin-1 after 12 weeks in obese women compared to pre-treatment values, and the
changes elicited by metformin and betahistine (plus lifestyle change) were highly significant compared to placebo (lifestyle change
alone). The results obtained in this study clearly demonstrated the beneficial effect of using metformin or betahistine to induce
weight loss in obese women, and this weight reduction was negatively correlated with plasma adiponectin and positively correlated
with plasma nesfatin-1, confirming the role of pharmacotherapy in targeting obesity and establishing the relation of weight loss with

plasma adiponectin and nesfatin-1.
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INTRODUCTION

n the last few decades, obesity became a global

epidemic. The incidence of obesity is raising

continuously and therefore, the associated morbidity,
mortality and both medical and economical costs are
expected to increase as well’. In Iragi population, the
prevalence of obesity reported by the WHO in 2005 was
8.3% and 19.1% for males and females respectively®. In
2008, another study concluded that obesity affects about
30% of adult population, with higher prevalence in
women®, Obesity has become the primary cause of non-
communicable diseases over the world*, with high health
and social costs’. The U.S. expenditure on obesity-related
health care issues was $190 billion in 2005, twice than
previous estimates®. Obesity increases cardiovascular risk,
disturbs lipid profile, elevates plasma glucose and insulin
and high blood pressure’. In particular, central obesity,
which is characterized by the storage of the excess of fat
in the upper part of the body, is strongly associated with
the metabolic syndrome and cardiovascular disease®.
Nesfatin-1 is an 82-amino-acid peptide initiated by post
translational processing nucleobindin 2 (NUCB2), a 396-
amino-acid protein remarkably conserved across
mammalian speciesg. Another study found higher
NUCB2/nesfatin-1 expression in adipose tissue in
obesity™. Nesfatin-1 is widely distributed in the CNS and
in peripheral tissues such as adipose tissue, pancreas, and
stomach, and is involved in several physiological functions
including food intake, appetite stimulation, and energy
homeostasis™. Oh-I and co-worker confirmed that

nesfatin-1 has a physiological role in regulating food
intake, since nesfatin-1 injection into the third brain
ventricle decreases significantly food consumption and
consequently body weight, and the satiety induced by
nesfatin-1 was independent of leptin, but, central
administration of o -MSH increases NUCB2 mRNA
expression in the hypothalamusg. Adiponectin is a protein
hormone exclusively produced by adipose tissue and
secreted into the bloodstream, and the levels of the
hormone are negatively correlated with body fat
percentage’®. Adiponectin has a role in modulating a
number of metabolic processes, such as glucose
regulation and fatty acid oxidation'®. Adiponectin, a major
adipocyte-secreted adipokine, has an insulin-sensitizing
and anti-inflammatory activity, and is down-regulated in
obesity and its related pathologies'*. Several strategies to
increase adiponectin levels or adiponectin receptor
activities are being investigated for the treatment of
obesity-induced inflammation and insulin resistance™.

Medications used in the study
Metformin

An anti-hyperglycemic medication used for the treatment
of non-insulin-dependent diabetes mellitus, and is
nowadays regarded the first line therapy in type 2
diabetes™. Its anti-hyperglycemic effect is by potentiation
of insulin action via reducing insulin resistance, increasing
peripheral glucose uptake and reducing gluconeogenesis
weight'". Other effects of the use of metformin are
lowering of systolic and diastolic blood pressure®,
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improving glucose and lipid metabolism, and reducing
blood pressure in hypertensive, obese females®.

Betahistine

A histamine receptor H1 (HRH;) agonist and HRHj;
antagonist”™, that has been used to treat Meniere's
disease since the early 1960s (22). Histamine H; are
present in histaminergic (auto-receptors) and non-
histaminergic (hetero-receptors) neurons, regulating
release of histamine and other neurotransmitters like
dopamine, norepinephrine or serotonin, betahistine
increase the release of histamine and probably other
neurotransmitters®. In post hoc analysis, betahistine had
been shown to induce weight loss in non-Hispanic
women®*. Betahistine had been reported to reduce
olanzapine-associated weight gain, and improved lipid
profile in patients with schizophrenia, compared with
control subjects®.

PATIENTS AND METHODS

Ninety obese women, aged 18-50 years old, had been
primarily enrolled in this study, and were divided into 3
groups. Medical history was taken from each patient.

A written consent from each patient to be involved in the
study was obtained.

Inclusion Criteria

1. (Female) obese patients

2. Body Mass Index (BMI) equals or more than 30.

3. All are aged between 18-50 years, and pre-menopause.
Exclusion Criteria

1. Patients with renal insufficiency: Renal professionals
consider the glomerular filtration rate (GFR) to be the
best overall index of kidney function. GFR less than 60
represents CKD the National Kidney Foundation offers an

easy to use on-line GFR calculator to estimate GFR*®*’.

2. Hepatic impairment: Aspartate aminotransferase (AST)
or alanine aminotransferase (ALT) higher than two-folds
the reference range?.

3. Heart diseases (including unstable angina, myocardial
infarction, transient ischemic attacks/stroke, clinically
significant arrhythmia, congestive heart failure (increased
risk of lactic acidosis), or cardiac valve abnormalities®.

4. Patients with a history of seasonal allergy, asthma, or
peptic ulcer™.

5. Known allergy to one of the medications used in the
study.

6. Pregnant or lactating women?.
7. Known cases of type 1 or type 2 diabetes mellitus.

8. History of thyroid dysfunction, Cushing's syndrome or
Addison's disease.
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Treatment arms

Obese women were allocated into 3 groups, treated for
12 weeks as follows:

Group 1: metformin (1700 mg/d in 2 divided doses) +
lifestyle intervention

Group 2: betahistine (96 mg/d in 3 divided doses) +
lifestyle intervention

Group 3: control group: placebo + lifestyle intervention
for 12 weeks

Lifestyle
activity)

internevtion (Diet Program and Physical

Diet Program

The patients were instructed to follow the diet regimen
adapted by the obesity unit at Alkindy medical college (at
which the study was done) which provides a low-calorie
diet (LCD) of 1000-1200 kcal/day, the National Heart,
Lung, and Blood Institute (NHLBI) Obesity Education
Initiative recommended 1,200 to 1,600 kcal/day for men,
and 1,000 to 1,200 kcal/day for women as a Low-calorie
diet (LCD)*".

Physical activity

The patients were instructed to practice a medium
intensity exercise for 60-90 minutes/day. The Dietary
Guidelines for Americans recommend that to lose weight,
obese people have to participate at least 60 to 90
minutes of moderate- to vigorous-intensity daily physical
activity, along with caloric intake restrictions®.

Serum Adiponectin and Nesfatin-1 assay principles
Human Nesfatin-1 ELISA test

Antibody specific for Nesfatin-1 has been pre-coated onto
a microplate. Standards and samples are pipetted into
the wells and any Nesfatin-1 present is bound by the
immobilized antibody. After removing any unbound
substances, a biotin-conjugated antibody specific for
Nesfatin-1 is added to the wells. After washing, avidin
conjugated Horseradish Peroxidase (HRP) is added to the
wells. Following a wash to remove any unbound avidin-
enzyme reagent, a substrate solution is added to the
wells and color develops in proportion to the amount of
Nesfatin-1 bound in the initial step. The color
development is stopped, the intensity of the color is
measured. Use a serum separator tube, and permit
samples to clot for 2 hours at room temperature or
overnight at 4°C before centrifugation for 15 minutes.
Remove serum and assay immediately or aliquot and
store samples at -20°C or -80°C. Avoid repeated freeze-
thaw cycles®.

Human Adiponectin ELISA test

The Adiponectin in the samples binds to the first antibody
coated on the microtiter plate. In the following step the
second specific anti-Adiponectin-Antibody binds in turn
to the immobilized adiponectin. The second antibody is
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biotinylated and will be applied in a mixture with a
Streptavidin-Peroxidase-Enzyme  conjugate. In  the
following substrate reaction the turn of the color will be
catalyzed quantitatively depending on the adiponectin
level of the samples. Standards of the test kit are
prepared from human adiponectin®.

Statistics

The results represented as the mean + standard
deviation. Data were fed to the computer program.
Statistical Package for Social Science SPSS version 16.0
under Windows Seven was used for analysis.

Normality test (Shapiro-Wilk test) was performed first,
student t-test (paired) with p-value less than or equal
0.05 (P <0.05) were used to compare between pre- and
post- treatment values within the same group, ANOVA
test was used for comparing pre- treatment values among
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groups, and pre-intervention values were used as
covariates for adjustment when comparing post-
intervention results, using ANOVA test™.

RESULTS

Baseline data (table 1) of the enrolled females who
completed the study course showed no statistically
significant difference among different treatment arms
concerning participant’s number, age, and body mass
index. Liver transaminases and estimated glomerular
filtration rate (e-GFR) results showed normal liver and
kidney functions, with no statistically significant
difference among obese women in this regard. Baseline
serum levels of weight, waist circumference, plasma
adiponectin and nesfatin-1 showed also no statistically
significant difference among different treatment arms:

Table 1: Baseline characteristics comparison for enrolled patients: Results represented as mean + Standard deviation
(except for patient no.). NS means that there is no significant difference between the group’s data.

Characteristic (Baseline) Group 1 Metformin

Participants No. 26
Body Mass Index (kg/m?) 38.2+3.30
Age (years) 35.81+11.47
Serum AST (IU/L) 22.69+7.2
Serum ALT 22.88+7.3
e-GFR (ml/min/1.73m?) 84.69+12.9
Weight (kg) 98.88 +12.46
Waist (cm) 98.30 + 7.59
ADIPONECTIN (ug/mL) 13.36 + 2.59
NESFATIN-1 (ng/mL) 1.33+0.10

Group 2 Betahistine Group 3 Control Significance
27 25 NS
37.7x4.0 37.08+3.28 NS
35.39+10.04 36.32+8.85 NS
21.31£8.0 22.32+5.8 NS
21.41+6.15 22.52+5.2 NS
84.70£11.3 84.80+8.3 NS
97.77 £15.51 98.64+11.4 NS
97.81+9.35 98.84 £9.37 NS
13.41 +3.37 13.51+1.88 NS
1.31+0.11 1.34 £0.087 NS

Table 2: Weight, waist and hormones changes. Data represent the change adjusted for baseline values. P-value of the
paired t-test is used. P < 0.001 represent a highly significant difference

Treatment Weight (% of change) P-value Waist
Metformin -9.26% 1x10™ -8.68
Betahistine -9.65% 6x10™ -9.02

Placebo -1.93% .017 -2.45

P-value Adiponectin P-value Nesfatin-1 P-value
1x10°® +5.86 1x10° 0.19 1x10°
5x10° +6.43 1x10™ -0.203 2x10™°
0.004 +1.18 0.003 -0.057 0.005

Table 3: Data represent the p-values of the pairwise comparisons. P > 0.05 represent no significant difference, P < 0.001

represent a highly significant difference

Treatment Weight
Metformin vs. Betahistine 0.272
Betahistine vs. Placebo 3.2x10%
Metformin vs. Placebo 1.45 x10°%

Results in table 2 showed that metformin (with lifestyle
intervention) or (Group 1), highly significantly reduced
weight and waist circumference, raised serum
adiponectin and lowered nesfatin-1 after 12 weeks
compared to pre-treatment values. After adjustment to

Waist Adiponectin Nesfatin-1

0.480 0.092 0.728
2x10% 3x10% 2x10™"
5x10% 3x10% 2x10™"

baseline data, the percent of change of weight was -
9.26%, waist change: -8.68cm, adiponectin change: +5.86
pg/mL, and nesfatin-1 change was -0.199 ng/mL. Results
in table (2) showed also that betahistine (with lifestyle
intervention) or (Group 2), highly significantly reduced
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weight and waist circumference, raised serum
adiponectin and lowered nesfatin-1 after 12 weeks
compared to pre-treatment value. After adjustment to
baseline data, the percent of change of weight was -
9.65%, waist change: -9.02 cm, adiponectin change: +6.43
pg/mL, and nesfatin-1 change was — 0.203 ng/mL.
Simultaneously; control group (lifestyle intervention only)
or (Group 3), significantly reduced weight and waist
circumference, raised serum adiponectin and lowered
nesfatin-1 after 12 weeks compared to pre-treatment
value; and after adjustment to baseline data, the percent
of change of weight was -1.93%, waist change: -2.45 cm,
adiponectin change: +1.18 pg/mL, and nesfatin-1 change
was —0.057 ng/mL.

Pairwise comparison between each two groups
demonstrated no statistically significant difference
between metformin and betahistine group effects on all
the measured parameters (p-values are more than 0.05),
whereas a highly statistically significant difference
between each metformin group and betahistine group
effects were found when compared to control group (p-
values are extremely less than 0.001), as shown in table

3).
DISCUSSION

Metformin and betahistine with lifestyle intervention
caused a highly statistically significant reduction in
weight, waist circumference and plasma nesfatin-1 with a
highly significant elevation in plasma adiponectin. The
control group (lifestyle intervention only) caused a
statistically significant reduction in weight, waist
circumference and plasma nesfatin-1 with a highly
significant elevation in plasma adiponectin. Both
metformin and betahistine treatment groups achieved a
highly statistically significant difference compared to the
control group, whereas no statistically significant
difference between metformin and betahistine treatment
regarding all of the above mentioned parameters. A
review article stated that short-term lifestyle intervention
program results in weight loss of 2 to <5%°°. However,
better improvement in risk factors observed with greater
weight losses rates of 5 to 10%, which were associated
with highly significant improvements in CVD risk factors®’.

The importance of measuring how much the waist
circumference is reduced belongs to the impact of weight
loss on affecting abdominal fat in particular. A waist
circumference of more than 88 cm for women is
predictive of early metabolic syndrome®. In 2009, a study
found similar findings to the present study regarding
weight reduction using metformin 1700 mg/day for 3
months®. Another study used metformin in an average of
2200 mg/d found a highly significant reduction in weight
(p=0.0002) in obese patients (138 women, 16 men) with
BMI of (35.4+6.5) over 6 months compared to control
patients‘m. Metformin increases skeletal muscle AMP-
Kinase activity, key enzyme regulating energy
metabolism, increasing energy supplies of intramuscular
triglycerides stores in physically active individuals, and
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exercise increases dependence on fat compared with
rest, and the primary mechanism for this upregulation in
lipid utilization is via skeletal muscle AMP-Kinase
activity*’. Metformin reduces appetite by decreasing
neuropeptide Y (NPY), and agouti- related protein (AgRP),
the orexigenic peptides in the hypothalamus. Centrally
administered metformin  prevents ghrelin-induced
activation of hypothalamic adenosine mono-phosphate-
activated kinase (AMPK), mediating anorectic effects™.

Betahistine has a direct histamine H;R agonistic activity43,
and upregulates histamine turnover and release, by
blocking presynaptic histamine H; auto-receptors, and
provoke histamine Hs; receptor downregulation®.
Histamine can decrease body weight and obesity in diet-
induced and genetically obese mouse by affecting both
food intake and energy expenditure®. As a histamine
HRH3 antagonist, it can increase norepinephrine’s
release, which might appear to be a useful therapeutic
target for activating the brown adipose tissue (BAT),
binding of norepinephrine to B3-adrenergic receptors
within brown adipose tissue increases cAMP, which
stimulates protein kinase A (PKA), leads to PGC-la
binding to the uncoupling protein-1promoter and
stimulates its expression, dissipating energy as heat.
The results of the present study are consistent with a
study by Barak N results, but inconsistent with another
study which concluded that betahistine did not
significantly affect food intakes'. The present study
states that highly significant difference in weight
reduction caused by metformin or betahistine compared
to control might be reflected by a highly significant
difference in increasing adiponectin level. This result is
consistent with several clinical trials concerning obesity,
that weight losses were significantly correlated with an
increase in adiponectin level®®*°. Adiponectin counteracts
the obesity-associated abnormalities by suppressing
gluconeogenesis, augmenting fatty acid oxidation, and
inhibiting monocyte adhesion in blood vessels®. These
actions of adiponectin are thought to be through the
activation of AMPK and modulation of inflammatory
signals®’. A study revealed that treatment with 4 months
of metformin therapy significantly lowers circulating
adiponectin levels (p=0.026), and improved CV outcomes,
and the lowering of adiponectin may partly explain the
cardio-protective effects of metformin®. Up to
knowledge, no previous studies that had evaluated the
effect of betahistine on plasma adiponectin level.
However, it had been documented that BMI correlates
negatively with plasma adiponectin, and weight loss
significantly increases circulating levels®™.  Since
betahistine caused the highest weight reduction percent,
this might possibly explain its highest reduction in plasma
level of adiponectin. The present study shows that weight
losses are directly proportional to decreased nesfatin-1
level, the highly significant difference in weight reduction
caused by metformin or betahistine compared to control
that may be reflected by a highly significant difference
decrement in nesfatin-1 level. A positive correlation
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between plasma Nesfatin-1 and BMI has been reported
by a number of studies™.

A recent study stated that the positive correlation of
nesfatin-1 reported by many studies, along with the
negative correlation of orexin-A with BMI recommend
that these neuropeptides play a role in the protective
mechanism in maintaining the nutritional status, and
have a role in the regulation of food intake™”.

However, some authors
correlation between plasma nesfatin-1 levels and BM
Nesfatin-1 is a peptide produced by peripheral tissues, in
addition to the central and peripheral nervous system, it
suppresses food intake and is involved in the control of
energy homeostasis related with water intake and food
intake®. Nesfatin-1 suppresses food intake independently
from the leptin pathway and enhances insulin secretion
from pancreatic beta cells, drawing an attention as a
potential new therapeutic agent for the management of
obesity and diabetes mellitus™. In the present study,
nesfatin-1 levels rapidly drop with caloric restriction and
weight loss. Nesfatin-1 is a satiety molecule, and showed
a positive correlation with BMI. This could be explained as
an adaptive physiological response in order to decrease
satiety, stimulate food intake, and decrease energy
expenditure.

have found a negative
1>,

This behavior is similar to that of leptin, which rapidly
drop with diet restriction and weight loss as an adaptive
physiological compensatory reflex to starvation aimed at
increasing appetite and decreasing energy expenditure™.

Taken together; there may be multiple pathways that
might explain how betahistine and metformin can reduce
weight in obese women with central obesity and affect
plasma level of adiponectin and nesfatin-1, the hormones
that have an impact on food intake regulation.

Acknowledgement: Thanks to the members of the
obesity research and therapy unit in Al-Kindy Medical
College for their kind support and cooperation; in
addition to the members of the department of
pharmacology and therapeutics, College of Medicine, Al-
Nahrain University for their encouragement and
assistance.

REFERENCES

1. Klop. B, Elte. J. W. F., and Castro Cabezas, M. Dyslipidemia in
Obesity: Mechanisms and Potential Targets. Nutrients, 5(4), 2013,
1218-1240.

2. Al-Hilaly K.A, Aboud H.A, Al-Ghabban S.I. Prevalence of Obesity
among Adult Population in Karbala. Kufa Medical Journal, 11(1),
2008, 326-34.

3. Grundy SM. Multifactorial causation of obesity: implications for
prevention. AmJ Clin Nutr, 67, 1998, 563S-72S.

4.  Brownell KD, Frieden TR. Ounces of prevention--the public policy
case for taxes on sugared beverages. N Engl J Med, 360, 2009,
1805-8.

5. Cawley J, Meyerhoefer C. The medical care costs of obesity: an
instrumental variables approach. J Health Econ. 31, 2012, 219-30.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

ISSN 0976 — 044X

Zalesin K.C.; Franklin B.A.; Miller W.M.; Peterson E.D.; McCullough
P.A. Impact of obesity on cardiovascular disease. Med. Clin. North.
Am. 95, 2011, 919-937.

Prasad H, Ryan DA, Celzo MF, Stapleton D. Metabolic syndrome:
definition and therapeutic implications. Postgrad Med, 124, 2012,
21-30.

Oh-I S, Shimizu H, Satoh T, Okada S, Adachi S, Inoue K, Eguchi H,
Yamamoto M, Imaki T, Hashimoto K, Tsuchiya T, Monden T,
Horiguchi K, Yamada M, Mori M.(2006): Identification of nesfatin-1
as a satiety molecule in the hypothalamus. Nature. 12, 2006,
443(7112), 709-12.

Ramanjaneya M, Chen J, Brown JE, Tripathi G, Hallschmid M, Patel
S, Kern W, Hillhouse EW, Lehnert H, Tan BK, Randeva HS.
Identification of nesfatin-1 inhuman and murine adipose tissue: a
novel depot-specific adipokine with increased levels in obesity.
Endocrinology, 151, 2010, 3169-80.

Ayse A ; Ismail D; Yavuz A; Belkiz A; Bunyami O; Serkan C; and
Muhammed Celik: The Role of Diminishing Appetite and Serum
Nesfatin-1 Level in Patients with Burn Wound Infection. Iranian
Red Crescent Medical Journal. 15(5), 2013, 389-392.

Ukkola O, Santaniemi M, "Adiponectin: a link between excess
adiposity and associated comorbidities?". J. Mol. Med. 80(11),
2002, 696-702.

Diez JJ, Iglesias P. "The role of the novel adipocyte-derived
hormone adiponectin in human disease". Eur. J. Endocrinol.
148(3), 2003, 293-300.

Zhu W, Cheng KK, Vanhoutte PM, Lam KS, Xu A: Vascular effects of
adiponectin: molecular mechanisms and potential therapeutic
intervention Clin Sci (Lond). 114(5), 2008, 361-74.

Hayder B. Sahib*, Harchan N.A., Atrakchi S.A.M., A. A. Abas. The
role of medicinal herbs in angiogenesis related diseases. J. Inte.
Pharmacology. 6(5), 2010, 616-623.

Bennett W L, Odelola O A, Wilson L M: Evaluation of guideline
recommendations on oral medications for type 2 diabetes
mellitus: a systematic review. Ann Intern Med, 156, 2012, 27-36.

Bailey CJ, Turner RC. Drug therapy: metformin. N Engl J Med. 334,
1996, 574-579.

Haupt E, Knick B, Koschinky T. Oral antidiabetic combination
therapy with sulfonylureas and metformin. Diabetes Metab.; 17,
1991, 224231.

D A Stakos, D P Schuster, E A Sparks, C F Wooley, K Osei, H
Boudoulas: Long term cardiovascular effects of oral antidiabetic
agents in non-diabetic patients with insulin resistance: double
blind, prospective, randomized study, Heart, 91, 2005, 589-594.

Raffaele M: Metformin improves glucose, lipid metabolism, and
reduces blood pressure in hypertensive, obese women, DIABETES
CARE, OCTOBER (1993), VOLUME 16, NUMBER 10, 1387-1390.

Arrang JM, Garbarg M, Quach TT, Dam Trung Tuong M, Yeramian
E, Schwartz JC. Actions of betahistine at histamine receptors in the
brain. Eur J Pharmacol, 111, 1985, 73-84.

Jeck-Thole S, Wagner W. Betahistine: a retrospective synopsis of
safety data. Drug Saf, 29, 2006, 1049-59.

Passani MB, Blandina P, Torrealba F. The histamine H3 receptor
and eating behavior. J Pharmacol Exp Ther, 336(1), 2011, 24-9.

Barak N, Greenway FL, Fujioka K, Aronne LJ, Kushner RF. Effect of
histaminergic manipulation on weight in obese adults: a
randomized placebo controlled trial. Int J Obes (Lond), 32, 2008,
1559-65.

Poyurovsky M, Pashinian A, Levi A, Weizman R, Weizman A. The
effect of betahistine, a histamine H1 receptor agonist/H3
antagonist, on olanzapine-induced weight gain in first-episode
schizophrenia patients. Int Clin Psychopharmacol, 20, 2005, 101-3.

&

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

153



Int. J. Pharm. Sci. Rev. Res., 38(2), May — June 2016; Article No. 28, Pages

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Fadem, Stephen Z. Calculators for HealthCare Professionals.
National Kidney Foundation. 13, 2008.

Nicholas A. Boon, Nicki R. Colledge, Brian R. Walker and John A. A.
Humter Davidsons principle &practice of medicine; (2008): 20th
edition. CHURCHILL LIVINGSTONE, Elsevier. Contraindication of
metformin.

Richad Finkel, Luigi X. Cubedddu and Michelle A. Clark Lippincott's
illustrated Review of Pharmacology, (2009): 4th edition-293.

Bertram G Katzung, Susan B Masters and Anthony J Trevor: Basic
and clinical pharmacology; international edition, 2012, 281.

The Practical Guide Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults, NHLBI, 2000.

Chow S-C and J-P Liu Design and Analysis of Clinical Trials (2004),
2nd, John Wiley and Son, New York.

Osama Hamdy and Romesh Khardor: Obesity Treatment &
Management. Medscape 2015,
http://emedicine.medscape.com/article/HYPERLINK
"http://emedicine.medscape.com/article/123702" 123702.

Rena R. Wing, Wei Lang, Thomas A. Wadden, Monika Safford,
William C. Knowler, Alain G. Bertoni, James O. Hill, Frederick L.
Brancati, Anne Peters Lynne, Wagenknecht and the Look AHEAD
Research Group: Benefits of Modest Weight Loss in Improving
Cardiovascular Risk Factors in Overweight and Obese Individuals
with Type 2 Diabetes. Diabetes Care. 34(7), 2011, 1481-1486.

Kaur J. "A comprehensive review on metabolic syndrome".
CARDIOLOGY RESEARCH AND PRACTICE: Cardiology Research and
Practice. (2014), Article ID 943162, 21.

Luis MA, Nicolas W, Luiz G K-A, and Eliete B: Short-Term Treatment
with Metformin Improves the Cardiovascular Risk Profile in First-
Degree Relatives of Subjects with Type 2 Diabetes Mellitus who
have a Metabolic Syndrome and Normal Glucose Tolerance
without Changes in C-Reactive Protein or Fibrinogen. Clinics (Sao
Paulo). 64(5), 2009, 415-420.

Seifarth C., Schehler B., Schneider H. J. (2013): Effectiveness of
Metformin on Weight Loss in Non-Diabetic Individuals with
Obesity, Exp Clin Endocrinol Diabetes, 121, 2013, 27-31.

Brendan Egan and Juleen R. Zierath: Exercise Metabolism and the
Molecular Regulation of Skeletal Muscle Adaptation. Cell
Metabolism, 17, 2013, 5.

Stevanovic D, Janjetovic K, Misirkic M. Intra cerebro ventricular
administration ~ of  metformin  inhibits  ghrelin-induced
Hypothalamic ~ AMP-kinase  signalling and food intake.
Neuroendocrinology, 96, 2012, 24-31.

Botta L, Mira E, Valli S, Zucca G, Perin P, Benvenuti C, Fossati A,
Valli P. "Effects of betahistine and of its metabolites on vestibular
sensory organs.” Acta Otorhinolaryngol Ital. 21 3,66, 2001, 24-30.

Tighilet B, Trottier S, Mourre C, Chotard C, and Lacour M:
Betahistine dihydrochloride interaction with the histaminergic
system in the cat: neurochemical and molecular mechanisms. Eur J
Pharmacol. 20, 446(1-3), 2002, 63-73.

Masaki T, Yoshimatsu H, Chiba S, Watanabe T, Sakata T. Central
infusion of histamine reduces fat accumulation and upregulates
UCP family in leptin-resistant obese mice. Diabetes, 50, 2001, 376—
84.

Boss O, Samec S, Paoloni-Giacobino A, Rossier C, Dulloo A,
Seydoux J, Muzzin P, Giacobino JP. Uncoupling protein-3: a new
member of the mitochondrial carrier family with tissue-specific
expression. FEBS Lett. 12, 408(1), 1997, 39-42.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

1 149-154

ISSN 0976 — 044X

Asem H Ali, Lisa B Yanoff, Elizabeth A Stern, Abena Akomeah,
Amber Courville, Merel Kozlosky, Sheila M Brady, Karim A Calis,
James C Reynolds, Melissa K Crocker, Nir Barak, and Jack A
Yanovski: Acute effects of betahistine hydrochloride on food
intake and appetite in obese women: a randomized, placebo-
controlled trial. American Society for Nutrition, Am J Clin Nutr, 92,
2010, 1290-7.

Wei-Shiung Yang, Wei-Jei Lee, Tohru Funahashi, Sachiyo Tanaka,
Yuji, Matsuzawa, Chia-Ling Chao, Chi-Ling Chen, Tong-Yuan Tai,
and Lee-Ming Chuang: Weight Reduction Increases Plasma Levels
of an Adipose-Derived Anti-Inflammatory Protein, Adiponectin.
The Journal of Clinical Endocrinology & Metabolism, 86, 2001, 8.

Valsamakis G, P.G McTernan, R Chetty, N Al Daghri, A Field, W
Hanif, AH Barnett , and S Kumar: Modest weight loss and
reduction in waist circumference after medical treatment are
associated with favorable changes in serum adipocytokines.
Metabolism; clinical & experimental, 53, 4, 2004, 430-434.

Pajvani U. B., Du X., Combs T. P., Berg A. H., Rajala M. W,
Schulthess T., Engel J., Brownlee M., Scherer P. E. Structure-
function studies of the adipocyte-secreted hormone
Acrp30/adiponectin. Implications for metabolic regulation and
bioactivity. J. Biol. Chem. 278, 2003, 9073-9085.

Maeda N, Shimomura |, Kishida K, Nishizawa H, Matsuda M,
Nagaretani H, Furuyama N, Kondo H, Takahashi M, Arita Y, Komuro
R, Ouchi N, Kihara S, Tochino Y, Okutomi K, Horie M, Takeda S,
Aoyama T, Funahashi T, Matsuzawa Y Diet-induced insulin
resistance in mice lacking adiponectin/ACRP30. Nature Medicine,
8,2002, 731-737.

Kadowaki T., Yamauchi T. Adiponectin and adiponectin receptors.
Endocr. Rev. 26, 2005, 439-451.

Megan V Cannon., Chris P Lexis., A Rogier van der Velde., Iwan C
van der Horst, Unstable Angina, NSTEMI and STEMI: Prognosis and
Pharmacological Therapy. Circulation. Core 7. Vascular Disease:
Biology and Clinical Science, 130, 2014, A18491.

Coppola A, Marfella R, Coppola L, Tagliamonte E, Fontana D,
Liguori E, Cirillo T, Cafiero M, Natale S, Astarita C. "Effect of weight
loss on coronary circulation and adiponectin levels in obese
women". Int. J. Cardiol. 134(3), 2009, 414-6.

Okamoto M., Ohara-Imaizumi M., Kubota N., “Adiponectin induces
insulin secretion in vitro and in vivo at a low glucose
concentration,” Diabetologia, 51, 5, 2008, 827-835.

Tan BK, Hallschmid M, Kern W, Lehnert H, Randeva HS. Decreased
cerebrospinal fluid/plasma ratio of the novel satiety molecule,
nesfatin-1/NUCB2, in obese humans: evidence of nesfatin-
1/NUCB2 resistance and implications for obesity treatment. J Clin
Endocrinol Metab, 96(4), 2011, E669-73.

Kelestimur H., Sahin Z., O. Bulmusl, E. Alcin, M. Ozcan, S.
Canpolat: Nesfatin-1, an anorexigenic neuropeptide, affects
pubertal maturation via kisspeptin/GPR54 system in the female
rats. Obesity (2014) Proc Physiol Soc 32, PC002.

Feyza UK, Aysel V, Rusen Diindardz Tolga OzgenSule, Terzioglu,
and Yagar Cesur: Correlation of Brain Neuropeptide (Nesfatin-1
and Orexin-A) Concentrations with Anthropometric and
Biochemical Parameters in Malnourished Children. J Clin Res
Pediatr Endocrinol, 7, 2015, 197-202

Tsuchiya T, Shimizu H, Yamada M, Osaki A, Oh-I S, Ariyama Y,
Takahashi H, Okada S, Hashimoto K, Satoh T, Kojima M, Mori M:
Fasting concentrations of nesfatin-1 are negatively correlated with
body mass index in non-obese males.Clin Endocrinol (Oxf). 73 (4),
2010. 484-90.

Source of Support: Nil, Conflict of Interest: None.

&

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

154



