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Abstract

The present study has shown a parallel increase of triacylglycerol, cholesterol, and low density lipoprotein (LDL) along with
an increase in body mass and BMI of human obese subjects. Conversely a fall in HDL concentration was observed. Plasma
leptin level increased proportionately with increase of body weight as obesity advanced from obese to morbid type. A positive
correlation was observed between leptin and insulin concentrations in obese subjects. A parallel increase of plasma glucose
concentration was followed with decreased expression of insulin receptor, measured in adipose tissue, with the progress of
obesity. The decreased insulin receptor concentration might be the reason for seen insulin resistance and increased insulin

o

level which marked the positive correlation with associated liptin level in obese subjects.
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Abbreviations: BMI: Body Mass Index; IR: Insulin
receptor; TAG: Triacylglycerol; LDL: Low density lipoprotein;
HDL: High density lipoprotein; RED: Relative expression
density; IHC: Immunohistochemistry.

Introduction

World health organization (WHO) has defined overweight
and obesity as abnormal or excessive accumulation of fat that
presents a risk to health. Overweight and obesity are major
risk factors for a chain of chronic diseases viz. diabetes,
hypertension, atherosclerosis and heart attack [1-4] in
addition to the emergence of carcinoma [5-7] in long run.
The life-threat from obesity is now a global concern towards
medical intervention for reducing body mass to control other
metabolic impairments.

There are checks in the homeostatic mechanism for
balancing the calories obtained from diet by its expenditure

Hyperlipidimia, Hyperleptinemia and Insulin Resistance Intercorrelation with Obesity

through body’s energy-consuming activities [8-10]. If the
consumed calories are more than the rate of expenditure
by body’s energy-consuming activities, the homeostatic
mechanism fails and then the extra calories remain stored
in the body in the form of adipose tissue fat which increases
body mass. An adipose tissue originated feedback signal by
leptin, an adipokine released from adipose tissue, influences
the brain centers to control eating behaviour and energy-
spending activities [11-14]. If this mechanism fails, obesity
develops. In human obesity leptin resistance and hyper-
leptinemia exist, failing the feedback regulation of brain
center for body’s appetite controlling activities.

Since the hyper-leptinemia in human obesity bears
similarities with metabolic disturbances developed for
hyper-insulinomia in human diabetes, this study has taken an
aim to inter-correlate hyperlipidimia and insulin resistance
with existed hyperleptinemia in human obesity [15-17].
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Materials and Methods

Estimation Kits for triacylglycerol, cholesterol, LDL and
HDL were manufactured by Erba Diagnostics Mannheim,
Germany. Kit for glucose estimation, glucose oxidase based,
was obtained from Dia Sys Diagnostic Systems Gmbh,
Holzheim, Germany. Insulin and Leptin estimation were
based on sandwich elisa technique. Insulin estimation kit
was purchased from Mercodia Ab, Sylveniusgatan 8a, Se-
754 50 Uppsala, Sweden. Leptin kit was from Diagnostics
Biochem Canada Inc. Assays were done as per manufacturer’s
direction. Polyclonal antibody for insulin receptor, (N-20):
SC-710, was obtained from Santacruz, Biotechnology, Inc.
CA, USA. This anti-insulin receptor antibody was used to see
expression of insulin receptor (IR) on surface membrane of
surgically removed human (male) abdominal adipose tissue
carried out by immunohistochemistry as reported earlier
[17]. The other chemicals to perform immunohistochemistry
e.g. dab based substrate kit for peroxidase activity, secondary
antibody and streptavidin peroxidase kit were brought
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from Vector Laboratories, Inc. Burlingame, La, USA. The
quantitative evaluation of the stain on the histogram was
performed by determining the integrated optical density
(IOD) of the protein-stain as reported previously [18].

Results

BMI has been increased with the increase of body weight
as the morbidity of obesity advances with time (Figure 1- A,
B). Simultaneously triacylglycerol, total cholesterol, and LDL-
cholesterols are also got increased parallel to the escalation
of body mass (Figure 1- C, D, E). On the contrary HDL level
has been decreased with the increase of body mass (Figure
1-F). This scenario represents the picture of associated
dyslipidemia as the side effects of uncontrolled obesity.

Leptin, a 16 kDa adipokine secreted by white adipose
tissue, has shown a positive correlation with the increase
of body weight (Figure 2). This might be a cause of
hyperleptinemia in obese subjects.
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Figure 1: Clinical parameters studied in control and obese group subjects [Mean * SD].
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Figure 2: Correlation between body weight and leptin in various groups.
Normal, obese and morbid obese

o

Previous report from our laboratory has shown a rise
of insulin and leptin levels with the progress of obesity in
human subjects [17]. In present study, we have shown a

positive correlation between the existed leptin and insulin
levels in human obesity (Figure 3). Both the components
increase in parallel with the advancement of human obesity.
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Figure 3: Correlation between insulin and leptin in various groups.
Normal, obese and morbid obese.
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A plausible reason could be the insulin resistance
due the insulin receptor inactivity which develops hyper-
insulinomia. Since insulin stimulates leptin secretion from
white adipose tissue, hyper-insulinomia might have an
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effect on hyper-secretion of leptin from its source. The
immunohistochemistry of insulin receptor in white adipose
tissue obtained from human obese male subjects has, in fact,
shown a trend of decreasing mode of its expression with the
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advancement of obesity (Figure 4). A similar downhill on
the insulin receptor expression is expected in other insulin
dependent tissues for glucose utilization in obese subjects.

This could be another reason of developing hyperglycemia
in obese subjects. The Figure 5 shows an increasing trend of
plasma glucose value in human obese subjects.
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Figure 4: Immunohistochemistry for insulin receptor on adipose tissue in normal and obese human subjects. IR: Insulin
Receptor; RED: Relative Expression Density; IHC: Immunohistochemistry.

200
180
160
140 -
120
100
80
60 -
40 -
20

GLUCOSE( mg/dI)

normal obese

morbid

Figure 5: Glucose concentration in blood plasma in normal
and obese human subjects.
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Hence, human obesity can sequel a metabolic-X-disorder
by jolting lipidimia, leptinemia and insulin resistance,
preferably type-2 diabetes mellitus, associated glycaemia
which precipitates the risk of other clinico-pathological
abnormalities like hypertension, atherosclerosis and heart
attack. Persistence of hyperlipoproteinemia, high plasma
concentration of LDL, in obese subjects could also be a prime
factor for initiating carcinoma in long run [19].

Discussion

Like other known reports this study has also shown
that BMI increases with the increase of body mass. This
study has also supported previous reports [20-22] showing
dyslipidemia is a jolted incidence in human obesity. It is
also apparent from this study that a positive association
also exists between two entities, leptin and insulin, in obese
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subjects. While the lipostat theory postulates a feedback
mechanism between metabolic and motor activity (eating
behaviour and energy expenditure) [23,24] where the
adipocytes secreted factor, called Leptin, is involved in
maintaining a balance between eating habit and expenditure
of the acquired energy from the consumed food; the existed
hyper-leptinemia in human obese subjects fails to sustain
the above mentioned feedback regulatory mechanism. The
previous report from our laboratory [17] has shown that
leptin cannot be ferried through blood circulation to reach
its cognate receptor, called satiety regulator, at the base of
hypothalamus because of inadequate amount of soluble
leptin receptors in blood circulation in obese human subjects
that carry leptin across the blood vessel from its site of
secretion to the site of blood brain barrier. So leptin remains
abstained from its interaction with its hypothalamus based
receptor. Again, insulin stimulates leptin secretion from
adipose tissue and leptin does similar effect for insulin
secretion from pancreatic B-cells. A laxity of this second
feedback response over insulin and leptin secretions from
pancreas and adipose tissue by their respective cross
inducers, leptin and insulin, keep the secretary switch ‘ON’
for both the ligands viz. insulin and leptin. Such laxity has
been reflected in present study. While leptin concentration
gets increased with increase of body mass; insulin
concentration also goes on increasing maintaining a positive
correlation with leptin. The acquired hyper-insulinomia
gradually turns chronic with the decreased functionality
of inadequately expressed insulin receptor as is evidenced
in this study after reviewing the immunohistochemistry of
insulin receptor expression in white adipose tissue obtained
from bariatric surgery of human obese male subjects. The
immunohistochemistry of adipose tissue has shown a steep
fall of insulin receptor expression. Similar result is also
expected with insulin receptors in other tissues. Deficiency
in insulin receptor concentration leads to poor transmission
of message from insulin for glucose uptake, thus initiating
induction of hyperglycemia as is encased in present study
with the gradual increase of plasma glucose concentration
parallel to the increase of insulin and leptin along with
hypercholesterolemia and hyperlipoproteinemia (increased
LDL level).

This study thus bears no conflict with unanimous
understanding that in obesity, a decreased sensitivity to
leptin occurs as similar as to insulin resistance found in type-
2 diabetes mellitus showing an inability to ascertain satiety
in spite of having sufficient energy stores and high levels of
leptin in systemic circulation [25].
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