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Abstract:

Resistin is a novel adipocyte-secreted hormone proposed to link obesity with diabetes
in mice and may play a similar role in human. The aim of our study was to examine the
relationship of serum resistin level to insulin resistance, and related parameters. Also to
evaluate the effect of metformin &/or glimepiride on resistin level and glycemic control in
Type 2 Diabetes Mellitus (T2DM).

This is an open-label, randomized study carried out on 50 newly diagnosed type 2
diabetic patients and 20 healthy subjects. Patients were randomly divided into three groups
and assigned for treatment with either metformin or glimepiride or both for 12 weeks. The
comparisons were conducted between pre- and post-treatment for fasting serum glucose
(FSG), glycocylated hemoglobin (HbA1c), fasting serum insulin (FSI), insulin resistance (IR),
body mass index (BMI) and serum resistin level.

At week 12, FSG, HbA1c and IR were significantly decreased in all groups. Resistin
level decreased only in glimepiride group. Serum insulin levels show no significant change.
Metformin significantly decreased while glimepiride significantly increased BMI. In our
study serum resistin level did not correlate with markers of adiposity or diabetes.
Circulating resistin is unlikely to play a major role in obesity, insulin resistance, or energy
homeostasis in human and only glimepiride monotherapy showed an effect on resistin level
after 3 months of treatment.
Keywords: Type 2 DM, resistin, metformin, glimepiride.
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:الخلاصة
ظھرت دراسات أجریت على نماذج من أوقد ، تم اكتشافھ حدیثاالریزستین ھرمون یفرز من الخلایا الشحمیة 

أھمیتھا بالنسبة للانسان لاتزال مثیرة ولكن، القوارض أنھ یربط السمنة ومقاومة الجسم للانسولین بالسكري من النوع الثاني
تمنع تعبیر الریزستین في الخلایا الشحمیة، PPARγ)(خرى ان ناھضات أظھرت دراسات أ. ضیحللجدل وتحتاج إلى تو

. وبالتالي مفسرة طرق عمل بعض محفزات الانسولین
لدى مرضى سكري من والبدانةمؤشرات السكري تم تصمیم ھذه الدراسة لتقییم العلاقة بین مستوى الریزستین و

بالمیتفورمین والغلیمیبیراید على مستوى الریزستین لمعرفة تأ ثیر العلاج كذلك .النوع الثاني تم تشخیصھم حدیثا بالمرض
مریضا حدیثي 50شخصا من الاصحاء و20منھم ، شخص من الذكور70أجریت ھذه الدراسة على . وبقیة المؤشرات

مرضى تمت 10ر المیتفورمین، وتمت معالجتھم بعقاامریض20، مجموعاتإلى ثلاث عھم تم توزیالمرضالاصابھ ب
3تلقى جمیع المرضى علاجھم لمدة .والغلیمیبیرایدبالمیتفورمینمعالجتھم تتمامریض20، ومعالجتھم بعقار الغلیمیبیراید

لقیاس التغییر ساعة على الأقل12صیام لمدة وذلك بعد أشھر3وبعد العلاج بالبدءقبلأشھر، وجمعت عینات الدم منھم
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قیاس وزن ، فضلاً عنمستوى الریزستینالانسولین و، غلوبین الغلیكوزیلاتيالھیمو، الحاصل في مستوى كل من سكر الدم
.الجسم و طولھ و مؤشر العلاقة بینھما

ي الدم بالاضافة الى تقلیل أظھرت النتائج أن العلاج قد خفض نسبة السكر والھیموغلوبین الغلیكوزیلاتي ف
أما بالنسبة للریزستین فقد ، مع القراءات الاولیةفي المجموعات الثلاث بالمقارنةالمقاومة للانسولین بشكل معنوي إیجابي
بالنسبة لمؤشر كتلة الجسم فقد أزدادت بالنسبة للمجموعات التي عولجت أما . أنخفض في مجموعة الغلیمیبیراید فقط

ید وحده أو مع المیتفورمین بینما انخفض مؤشر كتلة الجسم بشكل معنوي إیجابي في حالة العلاج بالمیتفورمین بالغلیمیبیرا
وقد أظھرالریزستین علاقة غیر كبیرة مع نسبة السكر في الدم، ومستوى الأنسولین ومؤشر كتلة الجسم، بینما أظھر . وحده

تأثیر الغلیمیبیراید على مستوى إن . بعد العلاج بالمیتفورمینعلاقة إیجابیة ھامة مع مؤشر مقاومة الانسولین فقط
السكري أو مؤشراتومستقلة عن تأثیره على)PPARγ(الریزستین قد یكون نتیجة لقدرتھ على العمل على مستقبلات 

قد حسن مؤشرات للمیتفورمین فةاما بالنسب. السمنة، مما أدى الى انخفاض الریزستین وتحسین فاعلیة الانسولین في الجسم
.مستوى الریزستینالسكري والسمنة وفاعلیة الانسولین بدون تأثیر على

Introduction:
Type 2 diabetes mellitus is a

chronic disease characterized by chronic
hyperglycemia resulting either from a
deficiency of insulin, or decreased insulin
action, or both[1,2]. The proportion of
patients with type 2 diabetes has been
consistently increasing worldwide; Global
estimates for the year 2010 predict a
further growth of almost 50%, with the
greatest increases in the developing
countries of Africa, Asia, and South
America[3]. Approximately 80% of
persons with type 2 diabetes are
overweight[4]. Obese people have
increased resistance to the action of
insulin and impaired suppression of
glucose production by the liver, resulting
in both hyperglycemia and hyper-
insulinemia.

Adipose tissue excess or obesity,
particularly in the visceral compartment,
is associated with insulin resistance,
hyper- glycemia, dyslipidemia, hyper-
tension, and prothrombotic and pro-
inflammatory states[5,6]. Recent studies
showed that adipose tissue is not only
a passive energy store, but also an
active endocrine organ that, in addition to
regulating fat mass and nutrient
homeostasis, releases a large number of
bioactive mediators known as
(adipokines) influence the function of
many systems [7,8].

From these adipokines, resistin a
peptide hormone belongs to a family of
cystein-rich C-terminal proteins have been

discovered by Steppan et al[9]. It was
identified as an adipocyte-specific
secreted protein whose expression is
down-regulated by anti-diabetic drugs
targeting the nuclear receptor peroxisome
proliferator-activated receptor gamma
(PPARγ) which is involved in the
regulation of lipid and glucose
metabolism[10,11,12]. In cultured adipocytes,
resistin reduced insulin-stimulated glucose
transport and inhibited adipocyte
differentiation[12]. Recent studies suggest
that resistin could be a link between
adipose tissue, obesity and insulin
resistance[13-18].

However, other studies failed to
show such an association[19]. This effect is
mediated at least in part via increased
activity of AMP-activated protein kinase
(AMPK) and decreased expression of
gluco-neogenic enzymes in the liver.
Moreover, resistin has been shown to
induce the expression of suppressor of
cytokine signaling-3 (SOCS-3), a well-
known negative regulator of insulin
signaling[20], both in vitro and in vivo[21].

Materials and Methods:
50 male patients with newly

diagnosed T2DM were participated in the
present study. They were randomly
selected and assigned either to metformin,
glimepiride or combination treated
groups. All subjects were recruited from
the National Diabetes Center for Treat-
ment and Research, University of Al-



AJPS, 2014, Vol. 14, No.2
Date of acceptance: 3-6-2014

80

Mustansiriyah, Baghdad; age (30–69)
years, BMI (25-34.9).

All subjects have been treated for
12 weeks. All subjects were diagnosed
with T2DM in accordance with the WHO
diabetes diagnostic criteria of 1999 and
had never been treated before.

After 12 hr overnight fasting,
blood samples were analyzed for fasting
serum glucose (FSG), HbA1c, fasting
serum insulin (FSI) and serum resistin. All
subjects were orally administered with
either 2–3 mg glimepiride once a day
before meal and/or 500 mg metformin
twice a day.

After 12 weeks of the treatment,
we observed the changes in these
parameters. Insulin resistance (IR) was
evaluated by the homeostasis model
assessment and expressed in HOMA-IR.
HOMA-IR score= FSG (mg/dL) × FSI
(mg/dL)/405[22].Serum Resistin and
insulin concentrations were measured by
enzyme-linked immunosorbent assay
(ELISA) (DRG international Inc, USA).
FSG measured using enzymatic
colorimetric method (Spinreact, Spain)
and glycated-hemoglobin levels (HbA1c)
were determined by high-performance
liquid chromato- graphy (HPLC) (Bio-
Rad Variant, Italy).

Statistical Analysis:
Data are expressed as means ± SE.

Statistics were performed using SPSS
(version 19). Differences from baseline
were assessed by the paired Student’s t-
test. A P-value of <0.05 was considered
significant. Correlations were performed
using Pearson’s correlation coefficient.
Differences between groups were
compared by one-way ANOVA.

Results:
Of 50 patients randomized to

treatment, 20 in the metformin group, 10
in the glimepiride group and 20 in the
glimepiride and metformin group. There
were no apparent differences between the

three groups with respect to demographic
and baseline characteristics (Table -1).
Changes from baseline to the end of the
study are summarized in Table-2. FSG
and HbA1c were progressively decreased
in all groups. Combination of metformin
and glimepiride was superior in reducing
FSG and HbA1c levels than mono- therapy
of each one alone; there was no significant
difference between metformin or
glimepiride mono- therapy with respect to
the change in FSG or HbA1c.

Serum insulin showed no
significant change from baseline although
it apparently slightly decreased in
metformin group while slightly increased
in glimepiride as monotherapy and
combination. HOMA-IR score
significantly decreased in all treatment
groups; metformin monotherapy was
significantly more effective than other
groups in reducing IR, glimepiride as
monotherapy and as combination were
significantly not different with respect to
IR. Glimepiride alone significantly
reduced serum resistin concentration,
while metformin as monotherapy and as
combination with glimepiride showed
non-significant change from baseline.
Metformin significantly lowered BMI,
while glimepiride significantly increased
BMI and non-significant increase reported
by combination treatment.

The present study illustrates the
association between serum resistin level
and other parameters. We found no
correlation for resistin with any markers
of adiposity or insulin resistance,
including FSG, BMI and IR before
treatment, while a positive correlation
with body weight before starting treatment
with metformin (r=0.498, p=0.030) then
switch to non-significant after treatment,
figure-1. A positive significant correlation
with between resistin and IR achieved
after treatment with metformin (r=0.519,
p=0.023), figure-2, and negative
significant correlation with BMI achieved
after treatment with glimepiride (r=-0.677,
p=0.032), figure-3.
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Table-1: Patient characteristic at baseline.
Characteristic Metformin (Met) Glimepiride (Glim) Met + Glim

n=50 20 10 20

Age; years 52.63± 2.23 48.80± 2.99 47.95± 1.55

Body Weight; kg 96.05 ± 3.03 86.15 ± 1.53 92.45 ± 3.29

BMI; kg/m2
32.71 ± 0.77 30.22 ± 0.81 29.97 ±1.089

FSG; mg/dl 213.47 ± 13.14 218 ± 13.97 249.05 ± 12.15

HbA1c; % 9.47 ± 0.58 8.75 ± 0.36 11.65 ± 0.39

Insulin; IU/ml 25.57 ± 1.65 27.75 ± 3.15 25.05 ± 1.99

HOMA-IR 13.17 ± 0.87 14.84 ± 1.90 15.19 ± 1.40

Resistin ng/ml 0.44 ± 0.0145 0.45 ± 0.01 0.43 ± 0.015

n=number of patients; Data are given as mean ± SE.

Table 2: Changes from baseline and after 12 weeks
Variable/time point Metformin (Met) Glimepiride (Glim) Met + Glim

FSG (%)
Baseline
Week 12
Change from baseline

213.47 ± 13.14
132.95 ± 3.99*b

-37.72 %

218 ± 13.97
132.60 ± 1.45*b

-39.17 %

249.05 ± 12.15
145.15 ± 3.41*a

-41.72 %

HbA1c (%)
Baseline
Week 12
Change from baseline

9.47 ± 0.58
6.04 ± 0.32*a

-36.27 %

8.75 ± 0.36
5.71 ± 0.21*b

-34.74 %

11.65 ± 0.39
6.91 ± 0.31*a

-40.70%

Insulin (%)
Baseline
Week 12
Change from baseline

25.57 ± 1.65
23.86 ± 1.65a

-6.7 %

27.75 ± 3.15
23.86 ± 1.65a

7.93 %

25.05 ± 1.99
27.23 ± 2.12b

8.68 %
HOMA-IR (%)
Baseline
Week 12
Change from baseline

13.17 ± 0.87
9.16 ± 0.58*a

-40.50 %

14.84 ± 1.90
9.78 ± 0.43*b

-34.10 %

15.19 ± 1.40
9.85 ± 0.84*b

-35.15 %
Resistin (%)
Baseline
Week 12
Change from baseline

0.44 ± 0.0145
0.40 ± 0.0147b

-3.52 %

0.45 ± 0.01
0.40 ± 0.02*a

-11.10%

0.43 ± 0.015
0.40 ± 0.010b

-8.56 %

BMI (%)
Baseline
Week 12
Change from baseline

32.71 ± 0.77
30.57 ± 0.60*a

-6.54 %

30.22 ± 0.81
31.51 ± 0.93*a

4.27 %

29.97 ±1.089
30.33 ± 1.099a

1.21 %

Weight (%)
Baseline
Week 12
Change from baseline

96.05 ± 3.03
90.29 ± 3.26*a

-6.00 %

86.15 ± 1.53
88.10 ± 1.43a

2.26 %

92.45 ± 3.29
93.30 ± 3.08a

0.92 %
Data are given as mean ± SE; * Significantly different compared to pre-treatment level
(P<0.05); values with non-identical superscripts (a,b) among different groups are considered
significantly different (P<0.05).
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Figure-1:Correlation between serum resistin and body weight pre- and post-treatment
with Metformin; Met, Glimepiride; Glim or combination; MG.

Figure-2: Correlation between serum resistin and insulin resistance (IR) pre- and post-
treatment with Metformin; Met, Glimepiride; Glim or combination; MG.
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Figure-3: Correlation between serum resistin and body mass index (BMI) pre- and post-
treatment with Metformin; Met, Glimepiride; Glim or combination; MG.

Discussion:
Resistin is one of the adipokines

that has been implicated in the
pathogenesis of obesity-related co-
morbidities. Resistin in previous studies
showed conflicting results to be a link
between obesity IR and diabetes. More
than 100 research papers on resistin have
been published since its initial description
in 2001[23]. The present study found that
there was no difference in resistin levels
between newly diagnosed T2DM with age
and BMI matched healthy control subjects
confirming results of other studies; since
control subjects involved in the study were
overweight and obese, despite a distinct
elevation in insulin levels and IR in
diabetic group, compared with the control
group[24,25].

Moreover, the study used only male
subjects and, as previous studies had
shown resistin to exhibit sexual
dimorphism, with women having
approximately 20% higher levels than
men, this may explain these findings[26,27].

Glimepiride alone significantly reduced
serum resistin concentration after 3 months
of treatment consistent with other
studies[28,29], which showed that
glimepiride directly binds to PPARγ and
stimulates the trans- criptional activity of
this receptor which decrease resistin
expression and then improve insulin
sensitivity. While studies on metformin
showed controversial effect on
adipocytokines and inflammatory
markers[30,31]. Our study, consistent with
Derosa et al. analysis, showed no
significant change in serum resistin level
after 3 months of treatment with
metformin[32].

Glimepiride when combined with
metformin showed decrease in serum
resistin level less than that reported by
glimepiride monotherapy, this may be due
to biological variations between the
patients or may be partly due to the effect
of metformin; since several studies showed
increase resistin level with metformin
therapy[33,34]. This made the net result of
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combination therapy on resistin level less
than that produced by glimepiride alone.
The data reported in the present study
provide an important view of plasma
resistin concentrations in relation to
glycemic control (FSG and HbA1c), FSI,
IR and BMI before and after mono-therapy
with either glimepiride or metformin or
their combination. Accordingly, the change
in serum resistin level after metformin
treatment correlated positively with the
change in HOMA-IR score in diabetic
overweight to obese individuals, while the
correlation with FSG, FSI and BMI is not
changed. We cannot relate such change in
the state to the weight lowering effect of
metformin, although a positive correlation
with the weight was reported only in
metformin group before treatment, since
resistin level did not decrease while
weight, as well as BMI, significantly
reduced. This conclusion supported by the
results of glimepiride group, since it
reduced the level of resistin while weight,
as well as BMI, significantly increased.
Accordingly we found negative correlation
between resistin and BMI after treatment
with glimepiride.

Similarly, we did not find any
correlation between decrease in HbA1c and
change in resistin level in any group of
treatment. Our data suggest that the impact
of glimepiride and metformin on resistin is
independent on hypoglycemic properties, it
is also clearly demonstrated that serum
resistin levels did not correlate with any
marker of insulin resistance and obesity
which remains in accordance with other
studies[35,36]. Other study demonstrated that
no correlation between resistin gene
expression in human adipocytes and
insulin resistance[37] or BMI[38], this is in
contrast to mice studies[39,40].

All treatment types showed
significant decrease in glycemic
parameters and HOMA-IR compared with
pre-treatment, this consistent with many
studies done on metformin, glimepiride
and their combination[41,42]. The improve-
ments in glycemic parameters with

glimepiride and metformin were similar,
while combination produced a lower
degree of reduction in FSG and
HbA1c

[43,44]. Improvement in IR was seen
in all groups, the maximum effect was
found with metformin[45]. While it has been
noticed that insulin secretion changed
according to treatment type[46].

A previous study approved that
glimepiride increases insulin sensitivity at
peripheral target sites and improve insulin
resistance in newly diagnosed diabetic
subjects, which was demonstrated by a
significant reduction in HOMA-IR
score[47,48], the mechanism by which
glimepiride reduce insulin resistance was
unknown till recent time[49]. The extra-
pancreatic effects of glimepiride made its
combination with metformin more
effective in improving glycemic control
(synergistic effect) by reducing glucose
level and HbA1c% more than
monotherapy[50,51]. While the combin-
ation of metformin and glimepiride, as
monotherapy of each one, showed
significant decrease in HOMA-IR score
compared with pre-treatment, similar to the
effect of glimepiride but it significantly
less than metformin effect.

Obesity, now a day considered as a
major risk factor for T2DM and
cardiovascular disease[52]. In our study, we
examine overweight to obese patients to
evaluate the role of obesity on adipokines
and inflammatory markers[53,54]. We
detected no correlation between resistin
level and BMI in newly diagnosed T2DM
patients. Weight loss or the lack of weight
gain has been a consistent finding in
T2DM treated with metformin[55]. In our
study like others, metformin therapy was
accompanied by a small but statistically
significant reduction in BMI. It reduced
slightly the rates of weight gain and body
fat accumulation in diabetic and non-
diabetic adults[56]. Preliminary short-term
studies suggest that the effects of
metformin on BMI may be mediated in
part by reductions in food intake[60], this is
related in fact to the effect of metformin to
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suppress appetite in a dose-dependent
manner[57]. Actually, the studies approved
that significant weight loss in type 2
diabetic and non-diabetic adults, who is
taking metformin, is associated with
increases in insulin sensitivity and
reductions in FSI level[58].

Conflicting results about the effect
of glimepiride on body weight, our study
consistent with others showed slightly
increase in BMI after treatment with
glimepiride[43,45,59], while combination of
metformin and glimepiride showed no
effect on BMI due to glimepiride effect
consistent with other study[46]; glimepiride
cause weight gain and the use of
metformin with it decreases weight gain by
decreasing energy intake, therefore it is
recommended to use metformin in
combination with insulin secreting agents
in patients with T2DM[60].

This study has some limitations;
small sample size may limit some of the
conclusions to be drawn. In addition, the
follow-up period of 3 months does not
consider the possible return to pre-study
conditions among participants. Another
possible limit- ation is that physical
activity was not considered as having
significant effect on resistin levels, as
suggested by another recent study[61].
Further long-term studies are suggested to
respond to this possibility.

In conclusion, circulating resistin is
unlikely to play a major role in obesity,
insulin resistance, or energy homeostasis in
human since resistin levels are not
associated with markers of insulin
resistance and/or obesity. Metformin and
glimepiride as mono- therapy and
combination showed good improvements
for hyperglycemia and insulin sensitivity.

Acknowledgment:
The present work was abstracted from
MSc theses submitted to the Department of
Clinical Pharmacy, College of Pharmacy,
University of Baghdad. The authors
gratefully thank University of Baghdad and

The National Diabetes Center for
Treatment and Research/ Al-Mustansiriya
University for supporting the project.

References:
1- Definition, Diagnosis and

Classification of Diabetes Mellitus and
its Complications. Report of a WHO
Consultation. Part I: Diagnosis and
Classification of Diabetes Mellitus.
Geneva, WHO, 1999.

2- Hussain, A.; Claussen, B. and
Ramachandran, A. et al. Prevention of
type 2 diabetes. Diabetes Research
and Clinical Practice. 2007. Vol. 76
(3). Pp: 317-326.

3- Zimmet, P.; Alberti, KG. and Shaw, J.
Global and societal implications of the
diabetes epidemic. Nature. 2001. Vol.
414. Pp: 782–87.

4- Boder, G. Free fatty acids—the link
between obesity and insulin resistance.
Endocrine Practice. 2000. Vol. 7. Pp:
44–51.

5- Grundy, S. M.; Brewer, J. r. H. B. and
Cleeman, J. I. et al. Definition of
metabolic syndrome: report of the
National Heart, Lung, and Blood
Institute/ American Heart Association
conference on scientific issues related
to definition. Circulation. 2004. Vol.
109. Pp: 433–438.

6- Ronti, T.; Lupattelli, G. and
Mannarino, E. The endocrine function
of adipose tissue: an update. Clin
Endocrinol. 2006. Vol. 64. Pp: 355–
365.

7- Wiecek, A.; Kokot, F.; Chudek, J. and
Adamczak, M. The adipose tissue-a
noval endocrine organ of interest to
the nephrologist. Nephrol Dial
Transplant. 2002. Vol. 17. Pp: 191-
195.

8- Rabe, K.; Lehrke, M.; Parhofer, K. G.
and Broedl, U. C. Adipokines and
Insulin Resistance. Mol Med. 2008.
Vol. 14 (11-12). Pp: 741-751.

9- Kusminski, CM.; Mcternan, PG. and
Kumar, S. Role of resistin in obesity,



AJPS, 2014, Vol. 14, No.2
Date of acceptance: 3-6-2014

86

insulin resistance and Type II diabetes.
Clinical Science. 2005. Vol. 109. Pp:
243–256.

10- Steppan, CM.; Bailey, ST. and Bhat,
S. et al. The hormone resistin links
obesity to diabetes. Nature. 2001. Vol.
409. Pp: 307-312.

11- Willson, T. M.; Lambert, M. H. and
Kliewer, S. A. Peroxisome
proliferator-activated receptor gamma
and metabolic disease. Annu Rev
Biochem. 2001. Vol. 70. Pp: 341–367.

12- Kim, K. H.; Lee, K.; Moon, Y. S. and
Sul, H. S. A cysteine rich adipose
tissue-specific secretory factor inhibits
adipocyte differentiation. J Biol Chem.
2001. Vol. 276. Pp: 11252–11256.

13- Vidal-Puig, A. and O’Rahilly, S.
Resistin: A new link between obesity
and insulin resistance? Clin
Endocrinol. 2001. (Oxf.) 55. Pp: 437–
438.

14- McTernan, C. L.; McTernan, P. G. and
Harte, A. L. et al. Resistin, central
obesity, and type 2 diabetes. Lancet.
2002. Vol. 359. Pp: 46–47.

15- Smith, S. R.; Bai, F.; Charbonneau, C.;
Janderova, L. and Argyropoulos, G. A
promoter genotype and oxidative
stress potentially link resistin to
human insulin resistance. Diabetes.
2003. Vol. 52. Pp: 1611–1618.

16- Wang, H.; Chu, W.S.; Hemphill, C.
and Elbein, S. C. Human resistin gene:
Molecular scanning and evaluation of
association with insulin sensitivity and
type 2 diabetes in Caucasians. J Clin
Endocrinol Metab. 2002. Vol. 87. Pp:
2520–2524.

17- Osawa, H.; Yamada, K. and Onuma,
H. et al. The G/G genotype of a
resistin single- nucleotide
polymorphism at −420 increases type
2 diabetes mellitus susceptibility by
inducing promoter activity through
specific binding of Sp1/3. Am J Hum
Genet. 2004. Vol. 75. Pp: 678–686.

18- Osawa, H.; Onuma, H. and Ochi, M. et
al. Resistin SNP-420 determines its
monocytes mRNA and serum levels

inducing type 2 diabetes. Biochem
Biophys Res Commun. 2005. Vol. 335.
Pp: 596–602.

19- Kielstein, J. T.; Becker, B. and Graf,
S. et al. Increased resistin blood levels
are not associated with insulin
resistance in patients with renal
disease. Am J Kidney Dis. 2003. Vol.
42. Pp: 62–66.

20- Emanuelli, B.; Peraldi, P. and Filloux,
C. et al. SOCS-3 inhibits insulin
signaling and is up-regulated in
response to tumor necrosis factor-α in
the adipose tissue of obese mice. J
Biol Chem. 2001. Vol. 276. Pp:
47944–47949.

21- Steppan, C. M.; Wang, J. and
Whiteman, E. L. et al. Activation of
SOCS-3 by resistin. Mol Cell Biol.
2005. Vol. 25. Pp: 1569–1575.

22- Keskin, M.; Kurtoglu, S. and Kendirci,
M. et al. Homeostasis Model
Assessment Is More Reliable Than the
Fasting Glucose/ Insulin Ratio and
Quantitative Insulin Sensitivity Check
Index for Assessing Insulin Resistance
Among Obese Children and
Adolescents. Pediatrics. 2005. Vol.
115 (500). Pp: 500-503.

23- Steppan, C. M. and Lazar, M. A. The
current biology of resistin. J Intern
Med. 2004. Vol. 255. Pp: 439–447.

24- Fasshauer, M. and Paschke, R.
Regulation of adipocytokines and
insulin resistance. Diabetologia. 2003.
Vol. 46. Pp: 1594-603.

25- Stejskal, D.; Adamovska, S. and
Bartek, J. et al. Resistin
concentrations in persons with type 2
diabetes mellitus and individuals with
acute inflammatory disease. Biomed
Papers. 2003.Vol. 147 (1). Pp: 63–69.

26- Lee, J. H.; Chan, J. L. and
Yiannakouris, N. et al. Circulating
resistin levels are not associated with
obesity or insulin resistance in humans
and are not regulated by fasting or
leptin administration: cross-sectional
and interventional studies in normal,
insulin-resistant, and diabetic subjects.



AJPS, 2014, Vol. 14, No.2
Date of acceptance: 3-6-2014

87

J Clin Endocrinol Metab. 2003. Vol.
88. Pp: 4848–4856.

27- Silha, J. V.; Krsek, M. and Skrha, J. V.
et al. Plasma resistin, adiponectin and
leptin levels in lean and obese
subjects: correlations with insulin
resistance. Eur J Endocrinol. 2003.
Vol. 149. Pp: 331-335.

28- Inukai, K.; Watanabe, M. and
Nakashima, Y. et al. Glimepiride enh-
ances intrinsic peroxisome proli-
ferator-activated receptor-γ activity in
3T3-L1 adipocytes. Biochem Biophys
Res Commun. 2005. Vol. 328. Pp:
484-490.

29- Fukuen, S.; Iwaki, M. and Yasui, A. et
al. Sulfonylurea agents exhibit perox-
isome proliferator-activated rec-eptor
gamma agonistic activity. Journal of
Biological Chemistry. 2005. Vol. 280.
Pp: 23653−23659.

30- Jung, H. S.; Youn, B. S. and Cho, Y.
M. et al. The effects of rosiglitazone
and metformin on the plasma
concentrations of resistin in patients
with type 2 diabetes mellitus.
Metabolism. 2005. Vol. 54. Pp: 314-
420.

31- Adamia, N.; Virsaladze, D. and
Charkviani, N. et al. Effect of metf-
ormin therapy on plasma adipon-ectin
and leptin levels in obese and insulin
resistant postmenopausal females with
type 2 diabetes. Georgian Med News.
2007. Vol. 145. Pp: 52-55.

32- Derosa, G.; Salvadeo, S. A. and
Angelo, AD. et al. Rosiglitazone
Therapy Improves Insulin Resistance
Parameters in Overweight and Obese
Diabetic Patients Intolerant to
Metformin. Archives of Medical
Research. 2008. Vol. 39. Pp: 412–419.

33- Kim, H. J.; Kang, E. S. and Kim, D. J.
et al. Effects of rosiglitazone and
metformin on inflammatory markers
and adipokines: decrease in
interleukin-18 is an independent factor
for the improvement of homeostasis
model assessment-beta in type 2

diabetes mellitus. Clin Endocrinol
(Oxf). 2007. Vol. 66 (2). Pp: 282-9.

34- Bouter, B.; Geary, N. and Langhans,
W. et al. Diet–genotype interactions in
the early development of obesity and
insulin resistance in mice with a
genetic deficiency in tumor necrosis
factor-alpha. Metabolism. 2010. Vol.
59. Pp: 1065-73.

35- Pfutzner, A.; Langenfeld, M. and
Kunt, T. et al. Evaluation of human
resistin assays with serum from
patients with type 2 diabetes and
different degrees of insulin resistance.
Clin Lab. 2003. Vol. 49. Pp: 571-576.

36- Yang, J.; Li, M. and Wu, CY. et al.
Reduced resistin levels in patients with
type 2 diabetes mellitus. Zhonghua Yi
XueZaZhi. 2003. Vol. 83. Pp: 1471-
1474.

37- Janke, J.; Engeli, S. and Gorzelniak,
K. et al. Resistin gene expression in
human adipocytes is not related to
insulin resistance. Obes Res. 2002.
Vol. 10. Pp: 1-5.

38- Savage, D. B.; Sewter, C. P. and
Klenk, ES. et al. Resistin/Fizz3
expression in relation to obesity and
peroxisome proliferator-activated
receptor-gamma action in humans.
Diabetes. 2001. Vol. 50. Pp: 2199–
202.

39- Steppan, C. M. and Lazar, M. A.
Resistin and obesity-associated insulin
resistance. Trends Endocrinol Metab.
2002. Vol. 13. Pp: 18–23.

40- Shojima, N.; Sakoda, H. and Ogihara,
T. et al. Humoral regulation of resistin
expression in 3T3-L1 and mouse
adipose cells. Diabetes. 2002. Vol. 51.
Pp: 1737–1744.

41- Inglea, P. and Taleleb, G. Effects of
metformin in combination with
glimepiride on HbA1c and body mass
index inIndian patients with type 2
diabetes mellitus. Journal of
Pharmacy Research. 2010. Vol. 3 (9).
Pp: 2177-2179.

42- Min, W.; Fang, G. and Yao-ming, X.
et al. Effect of short-term intensive



AJPS, 2014, Vol. 14, No.2
Date of acceptance: 3-6-2014

88

therapy with glimepiride and metformin
in newly diagnosed type 2 diabetic
patients. J South Med Univ. 2011. Vol. 31.
Pp: 564-566.

43- Charpentier, G.; Fleury, F. and Kabir, M.
et al. Improved glycaemic control by
addition of glimepiride to metformin
monotherapy in Type 2 diabetic patients.
Diabetic Medicine. 2001. Vol. 18. Pp:
828-834.

44- Moses, R.; Slobodniuk, R. and Boyages,
S. et al. Effect of repaglinide addition to
metformin monotherapy onglycemic
control in patients with type 2 diabetes.
Diabetes Care. 1999. Vol. 22. Pp: 119-
124.

45- Ramachandran, A.; Snehalatha,
C.; Salini, J. and Vijay, V. Use of
Glimepiride and Insulin Sensitizers in the
Treatment of Type 2 Diabetes — A Study
in Indians. JAPI. 2004. Vol. 52. Pp: 459-
463.

46- Lord, J. M.; White, S. I. and Bailey, C. J.
et al. Effect of metformin on insulin
receptor binding and glycemic control in
type I1 diabetes. BMJ. 1983. Vol. 286. Pp:
830-83l.

47- Srinivasan, K.; Viswanad, B. and Asrat,
L. et al. Combination of high-fat diet-fed
and low-dose streptozotocin-treated rat: A
model for type 2 diabetes and
pharmacological screening. Pharma-
cological Research. 2005. Vol. 52. Pp:
31−320.

48- Xu, D.; Zhao, S. and Huang, Q. et al.
Effects of Glimepiride on metabolic
parameters and cardiovascular risk factors
in patients with newly diagnosed type 2
diabetes mellitus. Diabetes Research and
Clinical Practice. 2010. Vol. 88. Pp: 71–
75.

49- Volk, A.; Maerker, E. and Rett, K. et al.
Glimepiride: effects on peripheral insulin
sensitivity. Diabetologia. 2000. Vol. 43
(1). Pp: A39.

50- Haupt, E.; Knick, B. and Koschinsky, T.
et al. Oral antidiabetic combination
therapy with sulphonylureas and met-
formin. Diabetes Metab. 1991. Vol. 17.
Pp: 224-31.

51- Riddle, M. Combining sulfonyl- ureas and
other oral agents. Am J Med. 2000. Vol.
108 (Suppl 6a). Pp: 15S-22S.

52- Qatanani, M. and Lazar, MA.
Mechanisms of obesity-associated insulin
resistance: many choices on the menu.
Genes & Development. 2007. Vol. 21. Pp:
1443–1455.

53- Hotamisligil, G. S.; Shargill, N. S. and
Spiegelman, BM. Adipose expression of
tumor necrosis factor-alpha: direct role in
obesity-linked insulin resistance. Science.
1993. Vol. 259. Pp: 87.

54- Sartipy, P. and Loskutoff, D. J. Monocyte
chemoattractant protein 1 in obesity and
insulin resistance. Proc Natl Acad Sci.
USA. 2003. Vol. 100. Pp: 7265.

55- Lee, A. and Morley, J. E. Metformin
Decreases Food Consumption and Induces
Weight Loss in Subjects with Obesity
with Type I1 Non-Insulin- Dependent
Diabetes. Obesity research. 1998. Vol. 6.
Pp: 47-53.

56- UK Prospective Diabetes Study. A six-
year, randomized controlled trial
comparing sulfonylurea, insulin and
metformin therapy in patients with newly
diagnosed type 2 diabetes that could not
be controlled with diet therapy. Ann
Intern Med. 1998. Vol. 128. Pp: 165–175.

57- Paolisso, G.; Amatao, L. and Eccellente,
R. et al. Effect of metformin on food
intake in obese subjects. Eur J Clin Invest.
1998. Vol. 28. Pp: 441–446.

58- Ferrannini, E. and Camastra, S.
Relationship between impaired glucose
tolerance, non-insulin- dependent diabetes
mellitus and obesity. Eur J Clin Invest.
1998. Vol. 28 (suppl 2). Pp: 3–7.

59- Nauck, M.; Frid, A. and Hermansen, K. et al.
Efficacy and Safety Comparison of
Liraglutide, Glimepiride, and Placebo, All in
Comb-ination with Metformin, in Type 2
Diabetes. Diabetes Care. 2009. Vol. 32. Pp:
84–90.

60- Mäkimattila, S.; Nikkilä, K. and Yki-Järvinen,
H. Causes of weight gain during insulin
therapy with and without metformin in
patients with Type II diabetes mellitus.
Diabetologia. 1999. Vol. 42. Pp: 406-412.

61- Jorge, M. L.; de Oliveira, VN. and Resende,
NM. et al. The effects of aerobic, resistance,
and combined exercise on metabolic control,
infla-mmatory markers, adipo- cytokines, and
muscle insulin signaling in patients with type
2 diabetes mellitus. Metabolism. 2011. Vol.
60. Pp: 1244-52.


