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Abstract. – Background: The role of tu-
mor necrosis factor alpha (TNF-alpha), one of the
adipose tissue products, in the pathogenesis of
insulin resistance is well-documented. Many re-
cent studies have shown beneficial influence of
L-arginine supplementation on cardiovascular
system. However, molecular mechanisms of its
positive actions are not fully elucidated.

Aim: The aim of the study was to evaluate the
influence of L-arginine supplementation on tu-
mor necrosis factor alpha, insulin resistance and
selected anthropometric and biochemical para-
meters in patients with visceral obesity.

Patients and Methods: 60 patients with viscer-
al obesity were randomly assigned to either re-
ceive 9 g of L-arginine or placebo for 3 months. 20
healthy lean subjects were used as control. Select-
ed anthropometrical measurements and blood bio-
chemical analyses were performed at baseline and
after 3-months. TNF-alpha and its soluble receptor
2 (sTNFR2) were assessed in both treated groups.
Insulin resistance in the participants was evaluated
according to the homeostasis model assessment-
insulin resistance (HOMA-IR) protocol.

Results: The concentration of insulin, TNF-α
and sTNFR2 and HOMA-IR level in both obese
groups significantly exceeded these observed in
the control. Basal TNF-alpha and sTNFR2 concen-
trations were positively correlated with basal
body mass index (BMI), waist circumference, per-
cent of body fat and HOMA-IR. We found that 3-
month L-arginine supplementation resulted in
significant decrease of HOMA-IR and insulin con-
centration. Only insignificant tendency to de-
crease of TNF-alpha and sTNFR2 was observed. 

Conclusions: Our results confirm TNF-alpha
role in the complex pathogenesis of insulin re-
sistance in patients with visceral obesity. 3-
months L-arginine supplementation in a dose of
9 g improves insulin sensitivity in patients with
visceral obesity with no impact on tumor necro-
sis factor alpha concentration.

Key Words:

Obesity, Tumor necrosis factor alpha, Insulin resis-
tance, L-arginine.

European Review for Medical and Pharmacological Sciences

Effect of 3-month L-arginine supplementation
on insulin resistance and tumor necrosis factor
activity in patients with visceral obesity

P. BOGDANSKI, J. SULIBURSKA*, K. GRABANSKA, K. MUSIALIK,
A. CIESLEWICZ**, A. SKOLUDA**, A. JABLECKA**

Department of Internal Medicine, Metabolic Disorders and Hypertension and **Department of
Clinical Pharmacology, Poznan University of Medical Sciences, Poznan (Poland); *Department of 
Human Nutrition and Hygiene Poznan University of Life Sciences, Poznan (Poland)

Corresponding Author: Pawel Bogdanski, MD; e-mail: pawelbogdanski@wp.pl

Introduction

Obesity prevention, due to its prevalence and
significant impact on the health of society, has
become one of the major challenges at the be-
ginning of the XXI century1,2. Molecular mecha-
nisms involved in the pathogenesis of obesity-re-
lated complications have been intensively stud-
ied in the recent years. Insulin resistance, com-
mon feature of visceral obesity, is a fundamental
aspect of the etiology of type 2 diabetes and is
also associated with wide array of other patho-
physiologic sequelae including hypertension,
hyperlipidemia and atherosclerosis3-5. One of the
important discoveries that have led to a better
understanding of impaired insulin response in
patients with excessive body weight, was that fat
tissue is an active endocrine body6,7. Some sub-
stances produced by adipocytes were identified,
for some of them pathophysiological signifi-
cance was described. Chronically elevated serum
concentration of one of the key adipocytokines –
TNF-α, as a consequence of overexpression and
overproduction in adipose tissue, was confirmed
by many Authors8-10. Important role of this
pleotropic cytokine in the complex pathogenesis
of insulin resistance11, diabetes12 and hyperten-
sion associated with obesity is suggested13. Ex-
cessive activity of TNF-α increases impaired en-
dothelial function in obese patients, reduces ac-
tivity of nitric oxide synthase14,15 and activates
the chronic intravascular inflammatory pro -
cess16, which may explain accelerated progres-
sion of atherosclerosis in this group of patients.
Understanding of the mechanism involved in the
development of complications associated with
overweight and obesity is crucial to identify new
therapeutic options to decrease cardiometabolic
risk in these patients.
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L-arginine was first isolated from the sprouts
of lupine in 1886, a few years later it was detect-
ed in animal tissues. In 1988 it was found that
this aminoacid is a substrate for nitric oxide pro-
duction, which contributed to significant growth
of interest in L-arginine in the treatment and pre-
vention of cardiovascular system diseases. An in-
creasing number of evidence points to the poten-
tial benefits of the use of L-arginine in patients
with hypertension17, type 2 diabetes18, atheroscle-
rosis19 or hypercholesterolaemia20. The potential
use of L-arginine in patients with obesity seems
to be very promising. It is worth noticing that
there is a lack of research assessing the potential
of L-arginine supplementation in patients with
obesity.

The aim of the study was to evaluate the influ-
ence of L-arginine supplementation on tumor
necrosis factor alpha activity and insulin resis-
tance level in patients with visceral obesity.
Moreover, L-arginine impact on blood pressure
values and selected anthropometric and biochem-
ical parameters was determined.

Materials and Methods

Selections of Patients
The protocol of the study was approved by Re-

search Ethics Committee of Poznan University of
Medical Sciences and registered as no. 221/10. It
conformed to all ethical issues included in the
Helsinki Declaration.

The study population consisted of 60 subjects
with simple obesity. The inclusion criteria were
as follows: age 30-60 years, waist circumference
> 80 cm for women or > 94 cm for men, stable
body weight (less than 3 kg self-reported change
during the previous 3 months), no need for use of
any pharmacological treatment.

The exclusion criteria were: (1) arterial hyper-
tension, (2) diabetes mellitus, (3) impaired glu-
cose tolerance, (4) history of coronary artery dis-
ease, stroke, congestive heart failure or peripher-
al arterial disease, (5) sleep apnea syndrome, (6)
abnormal liver or renal function, (7) clinically
significant inflammatory process within respira-
tory, digestive and genitourinary tract, as well as
in oral cavity, pharynx and paranasal sinuses, (8)
history of infection within a month before the
study, history of use of any dietary supplements
within 3 months prior to the study, (9) smoking.
Twenty healthy volunteers matched for demo-
graphic characteristics were used as the controls.
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Study Design
Obese subjects were randomized to L-arginine

(Curtis Healthcare, Poland) 9 g tid or placebo
(microcrystalline cellulose) for 3 months. 9 g tid
was chosen as the most optimal for the patients,
as it was nearly twice the amount of arginine in
the average food ratio in Poland. The dose ap-
peared to be effective and safe for patients.

All treated subjects underwent dietician con-
sultation and they were instructed to maintain the
diet and physical activity through the study.
Every 14 days patients were weighted to control
their body mass throughout the study. Every 14
days and 3 days before the laboratory tests, com-
pliance to dietary recommendations was deter-
mined by obtaining a 24 hr dietary recall from
the subjects. The amount of nutrients in the daily
diet was processed and evaluated using the di-
etetic computer software. The intake of protein
and arginine during the study was constant. The
average daily protein intake was 72.5 g in women
and 91.9 g in men, and average arginine intake
was 43.3 mg/kg bodyweight in women and 48.6
mg/kg bodyweight in men.

Measurements
All the measurements were obtained at the

baseline and after completing a 3-months treat-
ment program. In the control group measure-
ments were taken only at baseline.

Anthropometry
Anthropometric measurements of individuals

wearing light clothing and no shoes were carried
out. Weight was measured to the nearest 0.1 kg,
and height was measured to the nearest 1 cm.
Body mass index (BMI) was calculated as weight
divided by height squared (kg/m2). Waist circum-
ference (cm) was measured at the level of the iliac
crest at the end of normal expiration. Waist cir-
cumference was measured to the nearest 0.5 cm.
Visceral obesity was defined as a waist circumfer-
ence ≥80 cm for women and ≥94 cm for men.

Additionally, percent of body fat (%FAT) was
determined by impedance analysis using a Bodystat
analyzer (1500 MDD; Bodystat, Isle of Man, UK).

Blood Pressure Measurement
Office blood pressure (BP) was measured us-

ing a digital electronic tensiometer (model
705IT, Omron Corporation, Kyoto, Japan). Reg-
ular or large adult cuffs were used, depending
on patient arm circumference. Hypertension
was defined by measurement of arterial blood
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Group 1 – L-arginine Group 2 – Placebo
Control (n = 20) (n = 30) (n = 30)

Sex (men/women) 12/8 14/16 17/13
Age (year) 41.4 ± 9,7 43.8 ± 8.2 41.0 ± 8.8
BMI (kg/m2) 23.2 ± 2.0 39.2 ± 6.0* 37.5 ± 4.8#

Waist circumference (cm) 77.2 ± 11.2 108.2 ± 10.6* 108.3 ± 8.8#

FAT % 22.9 ± 5.4 38.1 ± 5.8* 36.4 ± 4.9#

SBP (mmHg) 130.0 ± 5.3 131.4 ± 5.9 131.7 ± 7.4
DBP (mmHg) 81.8 ± 5.6 83.8 ± 4.1 82.5 ± 4.1
Creatinine (µmol/L) 77.6 ± 9.9 83.2 ± 11.3 81.5 ± 13.2
TCH (mmol/L) 4.1 ± 0.7 5.6 ± 1.2* 5.5 ± 1.1#

LDL (mmol/L) 2.3 ± 0.6 3.6 ± 0.8* 3.5 ± 0.9#

HDL (mmol/L) 1.5 ± 0.4 1.1 ± 0.3* 1.1 ± 0.3#

TG (mmol/L) 0.7 ± 0.3 2.1 ± 1.4* 2.2 ± 0.9#

Glucose (mmol/L) 4.4 ± 0.4 5.2 ± 0.6* 5.0 ± 0.6#

Insulin (µUI/mL) 8.8 ± 1.7 31.0 ± 8.9* 29.2 ± 15.8#

HOMA-IR 1.7 ± 0.4 7.2 ± 2.2* 6.4 ± 3.4#

TNF-α (ng/L) 1.9 ± 0.6 4.6 ± 2.0* 4.6 ±1.8#

sTNFR2 (ng/mL) 1.6 ± 0.5 3.8 ± 1.7* 3.6 ± 1.6#

Table I. Baseline characteristic of studied groups.

*p < 0.05 L-arginine vs control; # p <0.05 placebo vs control; ** p < 0.05 L-arginine vs placebo; BMI – body mass index, FAT
– fat content, SBP – systolic blood pressure, DBP – diastolic blood pressure, TCH – total cholesterol concentration, LDL –
LDL cholesterol concentration, HDL – HDL cholesterol concentration, TG – triglycerides, HOMA-IR – insulin resistance in-
dex, TNF-α – tumor necrosis factor alpha, sTNFR2 – soluble TNF-α receptor 2.

Statistical Analysis
Data are shown as mean±SD. All calculations

and statistics were performed with STATISTICA
6.0 program (StatSoft, Krakow, Poland). The
comparisons between groups were carried out us-
ing the Mann-Whitney U test. Wilcoxon rank
sum test was used to analyze the statistical sig-
nificance between variables before and after 3-
month treatment. Simple associations between
variables were calculated as the Spearman coeffi-
cient of correlation. A p value of <0.05 was re-
garded as significant.

Results

The baseline characteristics of the patients
with visceral obesity randomized to L-arginine
(Group 1), placebo (Group 2) and the control
group are described in Table I. There was no sig-
nificant difference in all studied measurements
between the L-arginine and placebo group. As
expected, obese patients had higher BMI, waist
circumference and %FAT as compared to the
controls. Concentration of TCH, LDL choles-
terol, TG, glucose and insulin in both obese
groups (L-arginine and placebo) significantly ex-

pressure as the average of three measurements
obtained after 10 min of physical resting by the
patients (3 times at 3 different visits within 1
month).

Biochemical Measurements
Blood samples were taken after an overnight

fast and after placing each participant in the
supine position for 30 minutes.

Serum levels of lipids, including total choles-
terol (TCH), high-density lipoprotein cholesterol
(HDL-C), and triglyceride were assayed by rou-
tine enzymatic method. Low-density lipoprotein
cholesterol (LDL-C) was calculated from Friede-
wald’s formula. Level of blood glucose was de-
termined by routine enzymatic method.

Plasma insulin was determined by immunora-
diometric assay (DIA Source Immunoassays
S.A., Nivelles, Belgium). Insulin resistance in the
participants was evaluated according to the
homeostasis model assessment–insulin resistance
(HOMA-IR) protocol:
• HOMA-IR index = [fasting insulin (mU/l) ×

fasting glucose (mmol/l)]/22.5
• Serum TNF-α and sTNFR2 were measured by

enzyme immunoassay (ELISA) (R&D System,
Inc., Minneapolis, MN, USA).
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ceeded these observed in the control, whereas
HDL concentration was significantly lower.
Serum tumor necrosis factor-alpha (TNF-α) and
soluble TNF receptor 2 (sTNFR2) levels were
significantly higher in patients with obesity com-
paring to the healthy normal weight controls.
Obese patients were significantly more insulin
resistant than controls.

Basal sTNFR2 concentration in patients with
visceral obesity correlated positively with BMI,
waist circumference, %fat, insulin concentration
and HOMA-IR. The same positive correlations
were observed for TNF-α (Table II).

L-arginine supplementation resulted in signifi-
cant decrease of insulin concentration. Corre-
spondingly, HOMA-IR decreased from 7.2 ± 2.2
to 5.8 ± 1.9 (p < 0.001; Table III).

In contrast, we did not observed any signifi-
cant changes in both TNF-α and sTNFR2 levels
after 3 months of L-arginine treatment. Only in-
significant tendency was noticed – p = 0.09 for
TNF-α and p = 0.08 for sTNFR2.

There were no significant changes in the stud-
ied parameters in the placebo group.

Discussion

A significant improvement of insulin sensitivi-
ty, not related to TNF-α system alternations, in
patients with visceral obesity treated with L-argi-
nine for 3 months, whose activity become un-
changed during the study, is a new finding
demonstrated in our study.

Our research confirmed increased insulin resis-
tance in patients with visceral obesity. Basal
HOMA-IR was over 4-times higher as compared to
lean control. Similar correlations were shown by
other Authors21. The evidence confirms the inde-
pendent contribution of hyperinsulinemia and in-
sulin resistance in the development of cardiovascu-
lar complications22,23. The results of Insulin Resis-
tance Atherosclerosis Study (IRAS) demonstrated
independent (not related to traditional risk factors
for cardiovascular disease) relationship between
thickness of the intima-media in the carotid artery
and a decrease in insulin sensitivity24. As a typical
consequence of obesity and insulin resistance we
found abnormal lipid profile in the studied patients.
Critical role of insulin resistance in the pathogene-
sis of lipid disorders is well-documented25.

Results of our study are consistent with previ-
ous observations, which showed over-activation
of TNF-α in patients with obesity8-11. We found
significantly higher concentrations of both TNF-
α and its soluble receptor 2 (sTNFR2). Both lev-
el of TNF-α and sTNFR2 correlated positively
with BMI, waist circumference and %fat. We did
not evaluate concentration of sTNFR1, because
of its insignificant association with insulin resis-
tance reported previously26. 

The important role of TNF-α in the pathogen-
esis of insulin resistance in patients with exces-
sive body weight was shown in animal models27

and in humans28,29. This cytokine inhibits insulin
action in adipose tissue, liver and muscle. In the
adipose tissue TNF-α inhibits lipogenesis by re-
ducing lipoprotein lipase activity, stimulates

TNF-α sTNFR2
R p-value R p-value

BMI 0.34 < 0.01 0.28 0.03
Waist circumference 0.42 < 0.01 0.41 < 0.01
FAT % 0.37 < 0.01 0.34 < 0.01
Creatinine -0.15 NS -0.15 NS
TCH -0.06 NS -0.06 NS
LDL -0.05 NS -0.04 NS
HDL -0.08 NS 0.00 NS
TG 0.00 NS -0.06 NS
Glucose -0.09 NS 0.06 NS
Insulin 0.45 < 0.01 0.42 < 0.01
HOMA-IR 0.36 < 0.01 0.40 < 0.01

Table II. Correlations between basal TNF-α, sTNFR2 and anthropometrical and biochemical variables in patients with viscer-
al obesity.

BMI – body mass index, FAT – fat content, TCH – total cholesterol concentration, LDL – LDL cholesterol concentration,
HDL – HDL cholesterol concentration, TG – triglycerides, HOMA-IR – insulin resistance index, TNF-α – tumor necrosis fac-
tor alpha, sTNFR2 – soluble TNF-α receptor.
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lipolysis by activation of hormone sensitive li-
pase and increases insulin resistance by inhibit-
ing the phosphorylation of tyrosine and increas-
ing serine phosphorylation in insulin receptor
substrate (IRS-1), consequently, leading to de-
crease of insulin receptor activity. TNF-α also in-
fluences the metabolism of glucose directly, re-
ducing the expression of GLUT-4 in muscle
cells30,31. Our findings – significant correlation
between TNF-α, sTNFR2 and insulin concentra-
tion and HOMA-IR, confirmed the potential role
of TNF-α system in the complex pathogenesis of
insulin resistance in obese patients.

Loscalzo32 defined the mechanisms by which L-
arginine improves endothelial function: increased
intracellular uptake via the high-affinity cationic
transporter; substrate competition with asymmetric
dimethylarginine; direct antioxidant activity; stim-
ulated release of histamine from mast cells, which
produces a vasodilator response; decreased activity
of norepinephrine and increased insulin secretion,
which causes vasodilation. Increasing number of
evidence confirmed anti-inflammatory and anti-ox-
idant properties of L-arginine33-35. Based on vaso-
protective L-arginine action we decided to evaluate
its potential benefits in patients with visceral obesi-
ty. Endothelial dysfunction and increased car-
diometabolic risk are typical features of this group
of patients.

3-month L-arginine supplementation did not in-
fluence anthropometric parameters and blood
pressure values. Similar effect on blood pressure

was noticed in our previous study, where healthy
normotensives had been treated with L-arginine in
a dose of 6 g or 12 g during 4 weeks36. In all sub-
jects ambulatory blood pressure measurement
(ABPM) was carried out 4 times: before random-
ization, after 2 and 4 weeks of supplementation
and 2 weeks after finishing supplementation. It
was found that L-arginine led to non-significant
decrease of systolic and diastolic blood pressure.
In contrast, we have demonstrated strong associa-
tion between L-arginine supplementation and
blood pressure reduction in patients with essential
hypertension37. The treatment of hypertensive pa-
tients with 12 g of L-arginine for 4 weeks led to
lowering of both systolic and diastolic blood pres-
sure in ABPM, with stronger hypotensive effect
observed during the night. Schlaich et al38 reported
impaired L-arginine transport in hypertensive indi-
viduals and normotensive at high risk for the de-
velopment of hypertension, which may represent
the association between a defective L-arginine/NO
pathway and the onset of essential hypertension. 

Our results show that L-arginine had no effect
on the parameters of lipids. Similar results were
obtained by others39,40. Contrary, there are reports
which show positive influence of L-arginine on
lipid metabolism and lipid profile. It was found
in experimental and clinical studies that L-argi-
nine supplementation decreased serum total cho-
lesterol, low-density lipoprotein (LDL) and
triglycerides41,42. It is suggested that hypolipemic
effect of L-arginine is at least in part associated

L-arginine L-arginine Placebo Placebo
before treatment after treatment before treatment after treatment

BMI (kg/m2) 39.2 ± 6.0 38.9 ± 5.8 37.5 ± 4.8 37.3 ± 4.9
Waist circumference (cm) 108.2 ± 10.6 107.3  ± 9.8 108.3 ± 8.8 107.2 ± 8.0
FAT % 38.1 ± 5.8 37.4 ± 5.3 36.3 ± 4.9 36.1 ± 4.6
SBP (mmHg) 131.4 ± 5.9 130.6 ± 5.8 131.7 ± 7.4 130.3 ± 6.1
DBP (mmHg) 83.8 ± 4.1 83.0 ± 4.3 82.5 ± 4.1 83.5 ± 4.6
TCH (mmol/L) 5.6 ± 1.2 5.5 ± 1.0 5.5 ± 1.1 5.3 ± 0.7
LDL (mmol/L) 3.6 ± 0.8 3.4 ± 0.8 3.5 ± 0.9 3.2 ± 0.9
HDL (mmol/L) 1.1 ± 0.3 1.1 ± 0.3 1.1 ± 0.3 1.2 ± 0.3
TG (mmol/L) 2.1 ± 1.4 2.1 ± 1.3 2.2 ± 0.9 2.1 ± 0.8
Glucose (mmol/L) 5.2 ± 0.6 5.1 ± 0.7 5.0 ± 0.6 5.0 ± 0.5
Insulin (µUI/mL) 31.0 ± 8.9 26.4 ± 7.0* 29.2 ± 15.8 29.8 ± 14.9
HOMA-IR 7.2 ± 2.2 5.8 ± 1.9* 6.4 ± 3.4 6.6 ± 3.3
TNF-α (ng/L) 4.6 ± 2.0 4.3 ± 1.8 4.6 ± 1.8 4.5 ± 1.5
sTNFR2 (ng/mL) 3.8 ± 1.7 3.5 ± 1.4 3.6 ± 1.6 3.7 ± 1.2

Table III. Studied parameters at baseline and after 3 month treatment in L-arginine and placebo groups.

* p < 0.05 for the difference before and after treatment; Wilcoxon test. BMI – body mass index, FAT – fat content, SBP – sys-
tolic blood pressure, DBP – diastolic blood pressure, TCH – total cholesterol concentration, LDL – LDL cholesterol concen-
tration, HDL – HDL cholesterol concentration, TG – triglycerides, HOMA-IR – insulin resistance index, TNF-α – tumor
necrosis factor alpha, sTNFR2 – soluble TNF-α receptor 2.



with the increase in NO level in the body and lower
fatty acid oxidation43. The results of Tan et al44 in-
dicated that L-arginine regulates the expression of
fat-metabolic genes in skeletal muscle and white
adipose tissue, therefore, favoring lipogenesis in
muscle but lipolysis in adipose tissue, what may in-
fluence the lipid profile in serum. 

Potential influence of L-arginine on insulin
resistance is under discussion. The results of
several studies are not uniform and pretty incon-
clusive45-48. The present findings demonstrate ben-
eficial impact of L-arginine supplementation on
insulin resistance in patients with visceral obesity.
HOMA-IR decreased significantly, although still
remained higher than in the healthy control (Table
III). Positive influence on insulin resistance was
also observed by Piatti et al18. In a group of 12
lean type 2 diabetic patients supplementation with
L-arginine in a dose of 9 g for 4 weeks resulted in
improvement of peripheral and hepatic insulin
sensitivity. As the explanation they suggested that
insulin resistance is associated with an impair-
ment in the ability of NO to generate its messen-
ger, leading to a decrease in cGMP generation
and a relative decline in insulin’s ability to pro-
duce vasodilatation. The hypothesis was consis-
tent with Petrie at al.’s49 conclusion that there is a
relationship between insulin resistance and en-
dothelial response to inhibition of NO synthesis
as well as with evidence that the vasodilatory re-
sponse is decreased in insulin-resistant individu-
als. The results obtained in our study were insuffi-
cient to determine direct mechanism responsible
for favorable effect of L-arginine supplementation
on insulin resistance. Body weight, BMI, waist
circumference and %fat remained unchanged. We
had believed that increase in insulin sensitivity
could be related to alternations in TNF-α concen-
trations. But we found that the increase of insulin
sensitivity was unrelated to TNF-α system activi-
ty. 3-month L-arginine supplementation in a dose
of 9 g influenced neither TNF-α nor sTNFR2.
Lack of changes in TNF-α system, although po-
tentially attractive, excluded its potential role in
insulin resistance alteration in obese patients
treated with L-arginine.

Conclusions

3-month L-arginine supplementation in a dose
of 9 g improves insulin sensitivity in visceral
obese patients independently of TNF-α activity,
which concentration remained unchanged.

821

Effect of L-arginine on insulin resistance and TNF-α in obese patients

References

1) POPKIN BM. Is the obesity epidemic a national se-
curity issue around the globe? Curr Opin En-
docrinol Diabetes Obes 2011; 18: 328-331.

2) ABDULLAH A, WOLFE R, STOELWINDER JU, DE COURTEN

M, STEVENSON C, WALLS HL, PEETERS A. The number
of years lived with obesity and the risk of all-
cause and cause-specific mortality. Int J Epidemi-
ol 2011; 40: 985-996.

3) PALANIAPPAN L, CARNETHON MR, WANG Y, HANLEY AJ,
FORTMANN SP, HAFFNER SM, WAGENKNECHT L; INSULIN

RESISTANCE ATHEROSCLEROSIS STUDY. Predictors of the
incident metabolic syndrome in adults: the Insulin
Resistance Atherosclerosis Study. Diabetes Care
2004; 27: 788-793.

4) GAMI AS, WITT BJ, HOWARD DE, ERWIN PJ, GAMI LA,
SOMERS VK, MONTORI VM. Metabolic syndrome and
risk of incident cardiovascular events and death: a
systematic review and meta-analysis of longitudi-
nal studies. J Am Coll Cardiol 2007; 49: 403-414.

5) BORNFELDT KE, TABAS I. Insulin resistance, hyper-
glycemia, and atherosclerosis. Cell Metab 2011;
14: 575-585.

6) KERSHAW EE, FLIER JS. Adipose tissue as an en-
docrine organ. J Clin Endocrinol Metab 2004; 89:
2548-2556.

7) SONOLI SS, SHIVPRASAD S, PRASAD CV, PATIL AB, DESAI

PB, SOMANNAVAR MS. Visfatin-a review. Eur Rev
Med Pharmacol Sci 2011; 15: 9-14.

8) DZIENIS-STRACZKOWSKA S, STRACZKOWSKI M, SZELA-
CHOWSKA M, STEPIEN A, KOWALSKA I, KINALSKA I. Solu-
ble tumor necrosis fetor-alpha receptors in young
obese subjects with normal and impaired glucose
tolerance. Diabetes Care 2003; 26: 875-880. 

9) BOGDANSKI P, KUJAWSKA-ŁUCZAK M, ŁACKI J, PUPEK-MU-
SIALIK D. Evaluation of selected interleukins, tumor
necrosis factors, insulin and leptin in obese pa-
tients with hypertension. Pol Merkur Lekarski
2003; 15: 347-349.

10) KERN PA, SAGHIZADEH M, ONG JM, BOSCH RJ, DEEM

R, SIMSOLO RB. The expression of tumor necrosis
factor in human adipose tissue. Regulation by
obesity, weight loss, and relationship to lipopro-
tein lipase. J Clin Invest 1995; 95: 2111-2119.

11) HOTAMISLIGIL GS, SHARGILL NS, SPIEGELMAN BM. Adi-
pose expression of tumor necrosis factor-alpha:
direct role in obesity-linked insulin resistance. Sci-
ence 1993; 259: 87-91.

12) MOLLER DE. Potential role of TNF-alpha in the patho-
genesis of insulin resistance and type 2 diabetes.
Trends Endocrinol Metab 2000; 11: 212-227.

13) PAUSOVA Z, DESLAURIERS B, GAUDET D, TREMBLAY J,
KOTCHEN TA, LAROCHELLE P, COWLEY AW, HAMET P.
Role of tumor necrosis factor-alpha gene locus in
obesity and obesity-associated hypertension in
French Canadians. Hypertension 2000; 36: 14-19.

14) GONZÁLEZ-FERNÁNDEZ F, JIMÉNEZ A, LÓPEZ-BLAYA A, VE-
LASCO S, ARRIERO MM, CELDRAN A, RICO L, FARRÉ J,
CASADO S, LÓPEZ-FARRÉ A. Cerivastatin prevents tu-



822

P. Bogdanski, J. Suliburska, K. Grabanska, K. Musialik, A. Cieslewicz, A. Skoluda, A. Jablecka

mor necrosis factor-alpha-induced downregula-
tion of endothelial nitric oxide synthase: role of
endothelial cytosolic proteins. Atherosclerosis
2001; 155: 61-70.

15) YUDKIN JS, ERINGA E, STEHOUWER CD. “Vasocrine”
signalling from perivascular fat: a mechanism link-
ing insulin resistance to vascular disease. Lancet
2005; 365: 1817-1820.

16) JELIC S, LEDERER DJ, ADAMS T, PADELETTI M, COLOMBO

PC, FACTOR PH, LE JEMTEL TH. Vascular inflamma-
tion in obesity and sleep apnea. Circulation 2010;
121: 1014-1021.

17) RAJAPAKSE NW, MATTSON DL. Role of L-arginine in
nitric oxide production in health and hypertension.
Clin Exp Pharmacol Physiol 2009; 36: 249-55.

18) PIATTI PM, MONTI LD, VALSECCHI G, MAGNI F, SETOLA

E, MARCHESI F, GALLI-KIENLE M, POZZA G, ALBERTI KG.
Long-term oral L-arginine administration improves
peripheral and hepatic insulin sensitivity in type 2
diabetic patients. Diabetes Care 2001; 24: 875-
880.

19) BÖGER RH, BODE-BÖGER SM, THIELE W, CREUTZIG A,
ALEXANDER K, FRÖLICH JC. Restoring vascular nitric
oxide formation by L-arginine improves the symp-
toms of intermittent claudication in patients with
peripheral arterial occlusive disease. J Am Coll
Cardiol 1998; 32: 1336-1344.

20) CLARKSON P, ADAMS MR, POWE AJ, DONALD AE, MC-
CREDIE R, ROBINSON J, MCCARTHY SN, KEECH A, CELER-
MAJER DS, DEANFIELD JE. Oral L-arginine improves
endothelium-dependent dilation in hypercholes-
terolemic young adults. J Clin Invest 1996; 97:
1989-1894.

21) MEIGS JB, WILSON PW, FOX CS, VASAN RS, NATHAN

DM, SULLIVAN LM, D'AGOSTINO RB. Body mass in-
dex, metabolic syndrome, and risk of type 2 dia-
betes or cardiovascular disease. J Clin Endocrinol
Metab 2006; 91: 2906-2912.

22) BLOOMGARDEN ZT. Cardiovascular complications of
insulin resistance. Metab Syndr Relat Disord
2005; 3: 305-315.

23) ALZADJALI MA, GODFREY V, KHAN F, CHOY A, DONEY

AS, WONG AK, PETRIE JR, STRUTHERS AD, LANG CC. In-
sulin resistance is highly prevalent and is associ-
ated with reduced exercise tolerance in nondia-
betic patients with heart failure. J Am Coll Cardiol
2009; 53: 747-753.

24) WAGENKNECHT LE, ZACCARO D, ESPELAND MA, KARTER

AJ, O’LEARY DH, HAFFNER SM. Diabetes and pro-
gression of carotid atherosclerosis: the insulin re-
sistance atherosclerosis study. Ar terioscler
Thromb Vasc Biol 2003; 23: 1035-1041.

25) ROGERO BLANCO ME, ALBANIL BALLESTEROS MR,
SÁNCHEZ MARTIN M, RABANAL BASALO A, OLIVAS

DOMÍNGUEZ A, GARCÍA LACALLE C. Prevalence of in-
sulin resistance in a young adult population. rela-
tionship with weight status. Endocrinol Nutr 2012;
59: 98-104.

26) STRACZKOWSKI M, KOWALSKA I, DZIENIS-STRACZKOWSKA S,
STEPIE A, SKIBI SKA E, SZELACHOWSKA M, KINALSKA I.
Changes in tumor necrosis factor-alpha system

and insulin sensitivity during an exercise training
program in obese women with normal and im-
paired glucose tolerance. Eur J Endocrinol 2001;
145: 273-280.

27) UYSAL KT, WIESBROCK SM, MARINO MW, HOTAMISLIGIL

GS. Protection from obesity-induced insulin resis-
tance in mice lacking TNF-alpha function. Nature
1997; 389: 610-614.

28) DANDONA P, WEINSTOCK R, THUSU K, ABDEL-RAHMAN

E, ALJADA A, WADDEN T. Tumor necrosis factor-
alpha in sera of obese patients: fall with weight
loss. J Clin Endocrinol Metab 1998; 83: 2907-
2910.

29) OLSON NC, CALLAS PW, HANLEY AJ, FESTA A, HAFFNER

SM, WAGENKNECHT LE, TRACY RP. Circulating levels of
TNF-α are associated with impaired glucose toler-
ance, increased insulin resistance, and ethnicity:
the Insulin Resistance Atherosclerosis Study. J Clin
Endocrinol Metab 2012; 97: 1032-1040.

30) NIETO-VAZQUEZ I, FERNÁNDEZ-VELEDO S, KRÄMER DK,
VILA-BEDMAR R, GARCIA-GUERRA L, LORENZO M. In-
sulin resistance associated to obesity: the link
TNF-alpha. Arch Physiol Biochem 2008; 114:
183-194.

31) CARTIER A, CÔTÉ M, BERGERON J, ALMÉRAS N, TREMBLAY

A, LEMIEUX I, DESPRÉS JP. Plasma soluble tumour
necrosis factor-alpha receptor 2 is elevated in
obesity: specific contribution of visceral adiposity.
Clin Endocrinol (Oxf) 2010; 72: 349-357. 

32) LOSCALZO J. L-arginine and atherothrombosis. J
Nutr 2004; 134: 2798-2800; discussion 2818-
2819.

33) LUCOTTI P, MONTI L, SETOLA E, LA CANNA G, CAS-
TIGLIONI A, ROSSODIVITA A, PALA MG, FORMICA F, PAOLI-
NI G, CATAPANO AL, BOSI E, ALFIERI O, PIATTI P. Oral L-
arginine supplementation improves endothelial
function and ameliorates insulin sensitivity and in-
flammation in cardiopathic nondiabetic patients
after an aortocoronary bypass. Metabolism 2009;
58: 1270-1276.

34) KORISH AA. Multiple antioxidants and L-arginine
modulate inflammation and dyslipidemia in chron-
ic renal failure rats. Ren Fail 2010; 32: 203-213.

35) MABALIRAJAN U, AHMAD T, LEISHANGTHEM GD, JOSEPH

DA, DINDA AK, AGRAWAL A, GHOSH B. Beneficial ef-
fects of high dose of L-arginine on airway hyper-
responsiveness and airway inflammation in a
murine model of asthma. J Allergy Clin Immunol
2010; 125: 626-635.

36) AST J, CIESLEWICZ AR, KORZENIOWSKA K, BOGDANSKI P,
KAZMIERCZAK E, OLSZEWSKI J, SKOŁUDA A, JABŁECKA A.
Supplementation with L-arginine does not influ-
ence arterial blood pressure in healthy people: a
randomized, double blind, trial. Eur Rev Med
Pharmacol Sci 2011; 15: 1375-1384.

37) AST J, JABŁECKA A, BOGDANSKI P, SMOLAREK I, KRAUSS H,
CHMARA E. Evaluation of the antihypertensive ef-
fect of L-arginine supplementation in patients with
mild hypertension assessed with ambulatory
blood pressure monitoring. Med Sci Monit 2010;
16: 266-271.



823

Effect of L-arginine on insulin resistance and TNF-α in obese patients

38) SCHLAICH M, PARNELL M, AHLERS B, FINCH S, MARSHALL

T, ZHANG WZ, KAYE DM. Impaired L-arginine trans-
port and endothelial function in hypertensive and
genetically predisposed normotensive subjects.
Circulation 2004; 110: 3680-3686.

39) WANG BY, SINGER AH, TSAO PS, DREXLER H, KOSEK J,
COOKE JP. Dietary arginine prevents atherogenesis
in the coronary artery of the hypercholesterolemic
rabbit. J Am Coll Cardiol 1994; 23: 452-458.

40) BÖGER RH, BODE-BÖGER SM, BRANDES RP, PHIVTHONG-
NGAM L, BÖHME M, NAFE R. Mügge A, Frölich JC. Di-
etary L-arginine reduces the progression of athero-
sclerosis in cholesterol-fed rabbits: comparison with
lovastatin. Circulation 1997; 19; 96: 1282-1290.

41) SALEH AI, ABDEL MAKSOUD SM, EL-MARAGHY SA, GAD

MZ. Protective effect of L-arginine in experimen-
tally induced myocardial ischemia: comparison
with aspirin. J Cardiovasc Pharmacol Ther 2011;
16: 53-62.

42) MÍGUEZ I, MARIÑO G, RODRÍGUEZ B, TABOADA C. Ef-
fects of dietary L-arginine supplementation on
serum lipids and intestinal enzyme activities in di-
abetic rats. J Physiol Biochem 2004; 60: 31-37.

43) TRIPATHI P, MISRA MK. Therapeutic role of L-arginine
on free radical scavenging system in ischemic
heart diseases. Indian J Biochem Biophys 2009;
46: 498-502. 

44) TAN B, YIN Y, LIU Z, TANG W, XU H, KONG X, LI X, YAO

K, GU W, SMITH SB, WU G. Dietary L-arginine sup-
plementation differentially regulates expression of

lipid-metabolic genes in porcine adipose tissue
and skeletal muscle. J Nutr Biochem 2011; 22:
441-445.

45) LUCOTTI P, MONTI L, SETOLA E, LA CANNA G, CAS-
TIGLIONI A, ROSSODIVITA A, PALA MG, FORMICA F, PAOLI-
NI G, CATAPANO AL, BOSI E, ALFIERI O, PIATTI P. Oral L-
arginine supplementation improves endothelial
function and ameliorates insulin sensitivity and in-
flammation in cardiopathic nondiabetic patients
after an aortocoronary bypass. Metabolism 2009;
58: 1270-1276.

46) LUCOTTI P, SETOLA E, MONTI LD, GALLUCCIO E, COSTA S,
SANDOLI EP, FERMO I, RABAIOTTI G, GATTI R, PIATTI P.
Beneficial effects of a long-term oral L-arginine
treatment added to a hypocaloric diet and exer-
cise training program in obese, insulin-resistant
type 2 diabetic patients. Am J Physiol Endocrinol
Metab 2006; 291: 906-912.

47) dE CASTRO BARBOSA T, LOURENÇO POYARES L, FABRES

MACHADO U, NUNES MT. Chronic oral administra-
tion of arginine induces GH gene expression and
insulin resistance 2006; 79: 1444-1449.

48) KAWANO T, NOMURA M, NISIKADO A, NAKAYA Y, ITO S.
Supplementation of L-arginine improves hyperten-
sion and lipid metabolism but not insulin resistance
in diabetic rats. Life Sci 2003; 73: 3017-3026.

49) PETRIE J, UEDA S, WEBB D, ELLIOTT H, CONNELL G. En-
dothelial NO production and insulin sensitivity; a
physiological link with implications for pathogene-
sis of cardiovascular disease. Circulation 1996;
93: 1331-1333.


