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Abstract: Adipose tissue is considered as an active endocrine gland that affects many aspects of body homeostasis. 
Adipose tissue derived molecules ‘‘adipokines” regulate energy homeostasis, dietary behavior, as well as insulin 
sensitivity and immunity; it refers to leptin, adiponectin, resistin, apelin, visfatin and omentin. 
Resistin is a cysteine-rich adipokine that is released by adipocytes and macrophages and has been involved in the 
development of insulin resistance in rodents. Moreover a strong link between diabetes, hypercoagulability and 
thrombogenesis, had been recognized for decades. 
Aim: In a trial to identify any possible relationship between resistin levels and some haemostatic changes in 
streptozotocin-induced diabetic and high fat diet-fed rats (HFD); the present work had been carried out.  
Design: A total number of 40 adult male albino rats were divided into 2 main groups: Group I (n= 24): To study the 
effect of streptozotocin-induced type 1 diabetes and was further divided into 3 equal subgroups (n= 8 in each) and 
survived for 30 days: Ia: (control group), Ib: (experimental diabetic non-treated group (by a single i.p. injection of 
streptozotocin (65mg/Kg B.W), Ic (experimental diabetic group treated with insulin). 
Group II (n= 16) : To study the effect of high fat diet and was further divided into 2 equal subgroups (n= 8 in each) 
and survived for 7 weeks: IIa: (control group),IIb (high fat diet fed  (58% fat).  
In all groups, serum levels of glucose, insulin, resistin, total cholesterol(TC), triglycerides (TG), HDL, LDL, BT, 
WBCT, PT, aPTT, plasma fibrinogen level, plasma D-dimmers level and platelet count were measured. 
Results:  The results of this study showed a significant decrease in serum resistin levels (p<0.001) in streptozotocin-
induced diabetic group in comparison with its control group and insulin-treated group. Moreover, no significant 
correlation could be detected between resistin levels and any of measured parameters in these groups except the 
significant positive correlation with body weight at the end of experimental period.  
In addition, our study revealed a significant increase in serum resistin levels (p<0.001) in HFD-fed group in 
comparison with its controls, which was correlated positively and significantly  with body weight, serum glucose 
levels, insulin levels and HOMA-IR index (p<0.001), atherogenic lipid profile and markers of hyper-coagulability 
(except for platelet count)  
Conclusion: No role for resistin in metabolic and haemostatic changes in type 1 diabetic rats was detected. 
Although, hyperresistinemia may represent a link between metabolic signals, atherogenesis, and hypercoagulability 
in type 2 diabetic rats. However, further studies are needed to clarify this relationship in human cardiovascular 
diseases. [Journal of American Science. 2010;6(11):217-227]. (ISSN: 1545-1003). 
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1. Introduction 
  Obesity is associated with an array of health 
problems in adult and pediatric population. 
Understanding the pathogenesis of obesity and its 
metabolic sequelae has advanced rapidly over the 
past decades (American Diabetes Association, 2007).  
  Adipose tissue represents an active 
endocrine organ that, in addition to regulating fat 
mass and nutrient homeostasis, releases a large 
number of bioactive mediators (adipokines) that 
signal to organs of metabolic importance including 
brain, liver, skeletal muscle, and immune system, 
thereby modulating haemostasis, blood pressure, lipid 
and glucose metabolism, inflammation, and 
atherosclerosis (Rabe et al., 2008). 

  In (2001), Steppan et al. discovered a novel 
adipocyte–derived hormone called resistin, which was 
expressed exclusively in white adipose tissue as a 
member of a family of cysteine-rich proteins called 
resistin–like molecules.  
  Intra-peritoneally administered resistin 
augments blood glucose and plasma insulin levels and 
limits the hypoglycemic response to insulin infusion, 
furthermore, resistin suppresses insulin–stimulated 
glucose uptake in cultured adipocytes, and this effect is 
prevented by exposure to anti-resistin antibodies 
(steppanet al., 2001).  
  Hence, these data suggest that resistin could 
contribute to the insulin resistance observed in 
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obesity by decreasing insulin sensitivity (Rajala et al., 
2003, Muse et al., 2007).  
  In fact, obese subjects show a reduced 
insulin-stimulated skeletal muscle glucose uptake as 
well as an impaired insulin-evoked vasodilatation 
(Baron, 1994) and these observations have suggested 
that the pathophysiological mechanisms linking 
obesity to the development of cardiovascular diseases 
could go beyond the classical metabolic 
derangements, so, much effort has been made to 
understand the interaction between insulin resistance 
and vascular function, with particular emphasis on 
adipocyte-derived hormones and their effects on 
vascular homeostasis (verma et al., 2003).  
  Resistin has been shown to selectively 
impair the effect of insulin on endothelial nitric oxide 
synthase (eNOS) enzymatic activity and through this 
mechanism resistin can reduce insulin-evoked 
vasorelaxation (Gentile et al., 2008). Moreover, in 
high fat-fed rats, resistin levels correlate negatively 
with vascular nitric oxide (NO) levels even after 
correction of insulin measurements, which suggests a 
direct inhibitory role of resistin on NO secretion (Li 
et al., 2007). 
  Also, plasma resistin levels were reported to 
be associated with many inflammatory markers 
including C-reactive protein, tumor necrosis factor-
alpha (TNF-α) and interleukin-6 (IL-6) (Silswal et 
al., 2005, Stofkova, 2010). Considering the crosstalk 
between inflammatory pathways and the insulin 
signaling cascade, resistin may represent a link 
between metabolic signals, inflammation and 
atherosclerosis (Lehrke et al., 2004, Daniel et al., 
2010).  
  In general, diabetes is associated with an 
excessive risk of cardiovascular events (Williams et 
al., 2002), in that the coagulation system is switched 
towards a pro-thrombotic state involving, increased 
blood coagulation, decreased endothelial thrombo-
resistance and pro-inflammatory state (Palomo et al., 
2006), thereby increasing the risk of micro-vascular 
disease as well as macro-vascular diseases (Lender 
and Sysko, 2007).  

So, this study was designed in a trial to 
clarify any possible relationship between resistin 
levels and some haemostatic changes in 
streptozotocin-induced diabetic rats and high fat diet-
fed rats 
2. Material and Methods  
This study was conducted on 40 healthy, adult, male 
albino rats weighing 200–260 gm (animals were 
obtained from faculty of medicine animal house and 
the animal experiments were approved by the local 
ethics committee). The rats had free access to water 
and chow and are kept at room temperature. All rats 
received standard chow (25.8 % protein, 62.8 % 

carbohydrate and 11.4 % fat (Ahren and Scheurink, 
1998) except the rats in high fat-fed group, which 
received high-fat chow (16.4% protein, 25.6% 
carbohydrate, and 58.0% fat (a total 23.4 kJ/g) in the 
form of cotton seed oil added to the laboratory chow 
diet (Cha et al., 2000), (Diets were obtained from 
faculty of agriculture, Zagazig university). 
The animals were divided into 2 main groups:  

Group I: To study the effect of streptozotocin-induced 
type 1 diabetes on the measured parameters. This group 
was further divided into 3 equal subgroups and survived 
for 30 days: 

Group Ia: "Control group (n=8)". Each rat was intra-
peritoneally (i.p.) injected with 0.2 mmol/L Na citrate 
(0.1 mL).  

Group Ib: "Experimental diabetic non-treated group 
(n=8) ". Diabetes was induced by single intra-peritoneal 
injection of freshly prepared solution of streptozotocin 
(sigma) 65 mg/kg of body weight dissolved in 0.2 
mmol/L sodium citrate, at PH 4.5 (Lutz and Pardridge, 
1993) and maintained for 30 days (Toba et al., 2009). 

Three days later, diabetes induction was confirmed 
through measurement of blood glucose level in each 
animal (from blood sampled from the tail vein) with the 
One Touch Ultra Glucometer (Yves and Theo, 2007) 
and rats with blood glucose levels more than 250 mg/dl 
were selected for experiments (Coskun et al., 2004). The 
rats were provided with 10% glucose solution after 6 
hours of streptozotocin administration for the next 48 
hours.  

Group Ic: "Experimental diabetic group treated with 
insulin (n=8)". These animals were treated with regular 
(R) and NPH (N) insulin (2UR at diagnosis of diabetes 
and then 1R/3N at 6 P.M and 1R/1N at 9 A.M daily 
subcutaneously for 30 days after induction of diabetes 
(Sivitz et al., 1998). 

Group II: To study the effect of high fat diet (HFD) on 
the measured parameters. This group was further divided 
into 2 equal subgroups: 

Group IIa: " control group (n=8)", which was fed a 
standard chow for 7 weeks. 

Group IIb: "High fat diet fed group (n=8)". These rats 
were fed a high-fat chow for 7 weeks.  

For all groups, body weight was recorded per week, 
and at the end of the study period. 

Heamostatic measurements:  
-Determination of bleeding time (BT) according to 

Martin, (1981).  
-Determination of whole blood clotting time (WBCT) 

according to Quick, (1966). 
 -Determination of prothrombin time (PT) according 

to Ansell, (1992).  
-Determination of activated partial thromboplastin 

time (aPTT) according to Ansell, (1992).  
-Estimation of plasma fibrinogen levels according to 

Cooper and Douglas, (1991). 
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 -Estimation of plasma D-dimmers levels according to 
Declerck et al. (1987).  

-Determination of platelet count according to Brecher 
et al. (1953).  

Biochemical and Hormonal measurements: 
- Estimation of serum glucose levels according to 

Trinder, (1969).  
- Estimation of serum insulin levels according to   
Reaven, (1991).    
-Estimation of serum resistin levels: by enzyme-

linked immunoassay kits from Linco Research Inc., 
(USA) according to Steppan and Lazar, (2004).  

-Estimation of serum total cholesterol (TC) levels 
according to and Allain et al. (1974).  

--Estimation of serum triglycerides (TG) levels 
according to Naito, (1989).  

-Estimation of serum high density lipoproteins 
(HDL) levels according to Warnick et al. (1983)  

-Estimation of serum low density lipoproteins 
(LDL) levels according to Friedwald et al. (1972).  

Calculations: 
  The homeostasis model of assessment of insulin 

resistance (HOMA-IR) = fasting blood glucose (mmol/l) 
x fasting insulin (uIU/ml)/22.5) was calculated as an 
index of insulin resistance (Matthews et al., 1985)  in 
group II. 
 
Statistical analysis: 

Data were presented as mean ± SD. Statistical 
significance was determined by unpaired Student's "t" 
test, P values less than 0.05 were considered to be 
significant. The correlations between parameters were 
analyzed using Pearson,s correlation. 
In statistical analysis, SPSS version 10.0 programs for 
Windows (SPSS Inc. Chicago, IL, USA) was used. 

 
3. Results  
 

 
 

Table 1: Body weight and the metabolic parameters of the studied groups: 
  

 Group Ia Group Ib Group Ic Group IIa Group IIb 

Initial BW (gm)222.5±16.1 
 

219.4±18.9 224.6±21 213.7±14.8 225.5±19.3 

Final BW (gm)252.3±16.5 
r=0.73* 

192±14.8*** 
r=0.86** 

251.3±17.5 
r=0.82* 

242.5±15.1 
r=0.92** 

339±19.4*** 
r=0.97*** 

Glucose 
(mg/dl) 

75.6±6.6 
r=0.31 

411.5±97.6*** 
r=0.19 

79.4±5.5 
r=0.12 

86.1±8.7 
r=0.65 

262.5±37.4*** 
r=0.98*** 

Insulin 
(uIU)/ml 

19.7±2.5 
r=0.55 

1.24±0.36*** 
r=0.5 

66±9.2*** 
r=0.64 

18.4±3.1 
r=0.03 

46.1±4.8*** 
r=0.97*** 

HOMA-IR  4.13±0.47 
r=0.03 

30.28±7.26*** 
r=0.99*** 

Resistin 
(ng/ml) 

7.2±0.77 3.99±0.2*** 7.4±0.6 7.6±0.46 14±0.78*** 

TC 
(mg/dl) 

115.25±6.5 
r=0.32 

223.6±24.2*** 
r=0.45 

110.5±8.5 r=0.39 113.75±7.8 
r=0.04 

208.6±26***  
r=0.73* 

TG 
(mg/dl) 

49.75±5.3 
r=0.35 

82.6±6.5*** 
r=0.37 

51.5±7.5 
 r=0.33 

54.25±7.5 
r=0.25 

188.25±12.5*** 
r=0.9** 

HDL 
(mg/dl) 

64.4±10.2 
r= -0.52 

35.5±4.2*** 
 r= -0.25 

54.9±10.2 
 r= -0.22 

40.9±4.2 
 r= -0.05 

36.1±4.4* 
 r= -0.91** 

LDL 
(mg/dl) 

40.9±13.3 
r=0.53 

171.6±24.3*** 
r=0.47 

47.4±13.7 r=0.25 62.03±7.4 
r=0.01 

134.9±27.7***  
r=0.75* 

 
r=correlation coefficient versus resistin levels.                                                     
*=significant (P<0.05). 
**=significant (P<0.01). 
***=significant (P<0.001). 
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Table 2: The haemostatic parameters of the studied groups: 
 

 Group Ia Group Ib Group Ic Group IIa Group IIb 
BT (sec) 214.4±26.5 

r= -0.33 
150±19.4*** 
r= -0.52 

202.5±35.6 
r= -0.38 

212.5±25.2 
r= -0.31 

170.6±14.5*** 
r= -0.97*** 

WBCT (sec)  236.1±21.6 
r= -0.002 

165.1±27*** 
r= -0.16 

220.75±32.4 
r= -0.69 

228.3±28.7 
r= -0.28 

166±14.2*** 
r= -0.88** 

PT (sec) 13.3±.0.85 
r= -0.06 

10.25±1.7*** 
r= -0.17 

13.55±0.65 
r= -0.25 

13.2±1 
r= -0.29 

10.6±1.28*** 
r= -0.8* 

aPTT (sec) 24.1±2.7 
r= -0.2 

13.6±4.5*** 
r= -0.37 

23±2.4 
r= -0.22 

25.6±3.8 
r= -0.02 

14.7±4.5*** 
r= -0.93** 

Fibrinogen 
(mg/dl) 

272.2±44.6 
r=0.52 

512.4±89.6*** 
r=0.19 

287.2±46.2 
r= -0.59 

286.6±56.1 
r=0.17 

438.9±66.2*** 
r=0.84** 

D-Dimmers 
(mg/dl) 

171.7±34.6 
r=0.49 

255.1±20.6*** 
r=0.6 

170.8±15.9 
r=0.28 

147.75±27.6 
r= 0.02 

216.87±27*** 
r=0.73* 

Platelet count 
(1000/mm3) 

211.9±17.8 
r=0.55 

302±21.7*** 
r=0.05 

226.4±19.1 
r=0.02 

220.4±20.4 
r=0.08 

216.1±13.8 
r= 0.43 

 
r=correlation coefficient versus resistin levels.                                              
*=significant (P<0.05). 
**=significant (P<0.01). 
*** =significant (P<0.001). 
 
 
 
 
 

Figure (1): Correlation between serum resistin  levels

and HOMA IR index in group IIb. 

 

 

 

 

 

 

 

 

Figure (2): Correlation between serum resistin levels 

and serum levels of LDL in group IIb. 
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Figure (3): Correlation between serum resistin levels 

and bleeding time in group IIb. 

Figure (4): Correlation between serum resistin levels 

and WBCT time in group IIb. 

 
The metabolic, hormonal and the 

haemostatic parameters of the groups are summarized 
in table 1&2, respectively. There was a significant 
positive correlation between the final body weight 
and serum resistin levels in all groups (p<0.05, 
p<0.01, p<0.05, p<0.01, p<0.001, respectively). 

 As regards group I, the results of this study 
showed a significant decrease in serum insulin and 
resistin (p<0.001) levels in group Ib in comparison 
with that of control group (Ia) in association with 
increased blood glucose levels (p<0.001).In addition, 
there was a significant increase (p<0.001) in the 
serum levels of TC, TG and LDL while the serum 
levels of HDL were significantly decreased (p<0.001) 
in the same group. Concerning the haemostatic 
parameters in group Ib, there was a significant 
decrease (p<0.001) in BT, WBCT, PT, aPTT while 
plasma fibrinogen levels, D-dimmers and platelets 
count were significantly increased (p<0.001). 
Moreover, all these metabolic and haemostatic 
disturbances were normalized in insulin treated 
group. 
Finally, no significant correlation could be detected 
between serum resistin levels and metabolic, 
hormonal or haemostatic measured parameters in this 
group. 

As regards group II, group  IIb  showed a 
significant increase(p<0.001)  in body weight, serum 
glucose levels, insulin levels,  HOMA-IR , TC levels, 
TG levels, and LDL levels, in addition to the 
significant decrease(p<0.001) in HDL levels in 
comparison with that of controls (IIa). Moreover, our 
study revealed a significant increase (p<0.001) in 
serum resistin levels in this group in comparison with 
that of controls, which was correlated positively and 
significantly (p<0.001) with body weight, serum 
glucose levels, insulin levels and HOMA-IR. Also, a 
significant positive correlation was found between 
serum resistin levels and serum levels of TC 
(p<0.05), TG (p<0.01) and LDL (p<0.01) while a 

significant negative correlation (p<0.05) between its 
levels and serum levels of HDL was reported. 
Moreover, BT, WBCT, PT and aPPT were found to 
be significantly decreased (p<0.001), while, plasma 
fibrinogen and D-dimmers levels were found to be 
significantly increased (p<0.001) However, no 
significant difference in the platelets count was 
found. Furthermore, serum resistin levels were found 
to be correlated negatively and significantly with BT 
(p<0.001), WBCT (p<0.01), PT (p<0.05), aPTT 
(p<0.01) and positively with plasma fibrinogen 
(p<0.01) and D-dimmers (p<0.05) levels. 
 
4. Discussions  

The results of this study showed a 
significant decrease in serum insulin and resistin 
levels in streptozotocin-induced diabetic group in 
comparison with that of control group and insulin-
treated group, in association with increased blood 
glucose levels. This decrease in serum resistin levels 
could be attributed to the weight loss that occurs in 
type1 diabetes, as resistin levels were positively and 
significantly correlated with the body weight in this 
study, which is in agreement with that of Stroubini et 
al. (2009). 

In addition, our results indicated that there 
was a significant increase in the serum levels of total 
cholesterol, triglycerides and LDL while the serum 
levels of HDL were significantly decreased in 
streptozotocin-induced type 1 diabetes which is 
defined as an atherogenic lipid profile (Vergè, 2009).  

Concerning the haemostatic parameters in 
group Ib, there was a significant decrease in BT, 
WBCT, PT, aPTT while D-dimmers, platelets count 
and plasma fibrinogen levels were significantly 
increased, denoting a hyper-coagulable state (Khatun 
et al., 1999). Moreover, all these metabolic (Sivitz et 
al., 1998) and haemostatic (Sobel, 2003, Nishikawa 
et al., 2008) disturbances were normalized in insulin 
treated group. 
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In addition, no significant correlation could 
be detected between serum resistin levels and either 
metabolic or haemostatic measured parameters in this 
group. 

So, it can be concluded that resistin has no 
role in type 1 diabetes as regards heamostatic 
changes, however, these changes could be attributed 
to the presence of high levels of LDL particles, as 
these particles have atherogenic properties (Skyrme-
Jones et al., 2000). Also, lowered HDL may play a 
role as HDL has antioxidative, anti-inflammatory, 
anti-thrombotic and vasorelaxant properties, all of 
which are potentially anti-atherogenic (Link et al., 
2007). Therefore, it can be concluded that this 
dyslipidemia is associated with an increased 
cardiovascular risk in type 1 diabetes (Vergè, 2009). 

As regards group HFD group, it was found 
to show marked increase in body weight, insulin 
resistance and dyslipidemia in rats. These results are 
in accordance with those of Willett, (2002) and 
Schaalan et al. (2009). 

Moreover, our study revealed a significant 
increase in serum resistin levels in this group in 
comparison with that of controls, which correlate 
positively and significantly with body weight, serum 
glucose levels, insulin levels and HOMA-IR index, 
while no significant correlation could be found 
between its levels and those measured parameters in 
controls except a significant positive correlation with 
body weight. 

These results are supported by that of 
Azuma et al. (2003) and Silha et al. (2003) who 
reported that the mean circulating resistin levels in 
obese subjects is increased about four folds compared 
with lean subjects and by Stroubini et al. (2009), who 
reported that resistin levels were elevated in many 
experimental models of obesity and decreased after 
weight loss. 

Moreover, de Luis et al. (2009) 
demonstrated that resistin concentrations were related 
to the total fat mass in patients with metabolic 
syndrome. 

Concerning resistin-insulin relationship, our 
results are supported by those who concluded that, 
administration of antiresistin antibody improved 
insulin action and glucose metabolism in mice with 
diet-induced obesity (Steppan et al., 2001). While, 
infusion of recombinant resistin to rats rapidly 
induces hepatic IR and increases hepatic glucose 
production (Rajala et al., 2003). Also, ablation of the 
resistin gene in mice decreases fasting glucose 
through reducing gluconeogenesis, while resistin 
administration in these resistin-deficient mice 
increases hepatic glucose production (Banerjee et al., 
2004). 

Resistin primarily exerts its glucoregulatory 
effect by stimulating hepatic glucose output 
(Rangwala et al., 2004). As elevation of circulating 
resistin in rodents, either acutely (Muse et al., 2007) 
or chronically (as following diet-induced obesity) 
(Muse et al., 2004), leads to marked decreases in 
hepatic insulin sensitivity.  

Moreover, the findings of this study are in 
line with that of Kushiyama et al. (2005), who found 
that transgenic mice with hepatic resistin over-
expression exhibit significant hyperglycemia, 
hyperlipidemia, fatty liver, and pancreatic islet 
enlargement, when fed an HFD. These effects may be 
due to resistin-induced impairment of glucose 
homeostasis and insulin action, thus modulating one 
or more steps in the insulin signaling pathway and 
possibly playing a role in the pathogenesis of insulin 
resistance (Muse et al., 2004).  

The majority of in vivo studies showed that 
resistin has a negative effect on insulin signaling in 
the liver (Qi et al., 2006).  

In contrast with our results, no significant 
correlation was found between resistin levels and 
glucose levels in high fat-fed rats (Li et al., 2007), 
and also in patients with type 2 diabetes mellitus 
(T2DM) (Mojiminiyi and Abdella, 2007). Also, some 
studies have observed significant low resistin mRNA 
levels in adipose tissue in different obese mouse 
models, such as db/db, or high-fat-diet-induced 
obesity, and in rat models characterized by IR (Way 
et al., 2001).  

The mechanism whereby resistin decreases 
insulin sensitivity involves several impacts. First, 
resistin reduces adenosine 5′-monophosphate-
activated protein kinase activity in skeletal muscle, 
adipose tissue, and liver. In addition, insulin receptor 
substrate-1 (IRS-1) and IRS-2 protein levels and 
phosphorylation states, as well as protein kinase B 
activity, were decreased in hyperresistinemic animal 
tissues. These alterations decrease tissue insulin 
sensitivity that results in glucose intolerance, 
hyperinsulinemia, elevated free fatty acid (FFA) 
levels, and hypertriglyceridemia (Rajala et al., 2003).  

Secondly, the resistin-induced reduction in 
IRS-1 and IRS-2 elevates mRNA levels of 
gluconeogenetic enzymes, such as glucose-6-
phosphatase (G-6-Pase) and phosphoenolpyruvate 
carboxykinase, thus suggesting a direct resistin 
induction of insulin resistance in the liver (Moon et 
al., 2003).  

Thirdly, it was found that resistin decreased 
glycogen synthase (GS) activity both in the presence 
or absence of insulin, this suggests that resistin 
directly down-regulates GS activity (Ferrer et al., 
2003). 
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Insulin signaling in pancreatic islets plays an 
important role in the maintenance of β-cell functions 
and glucose-induced insulin secretion in islets of 
pancreas (Otani et al., 2004). Therefore, the 
inhibition of insulin signaling could underlie the 
impairment of glucose-induced insulin secretion by 
resisitn (Nakata et al., 2007).  

Moreover, it was observed that there is a 
positive correlation between resistin levels and C - 
reactive protein (CRP) (Kunnari et al., 2006). 
Accordingly, the correlation between fasting glucose 
and resistin levels might be explained by this 
inflammatory state (Bo et al., 2005).  

As regards the lipid profile in the high fat 
diet-fed group, our results revealed a significant 
increase in serum levels of total cholesterol, 
triglycerides and LDL, while serum levels of HDL 
were significantly decreased (atherogenic lipid 
profile). Also, a significant positive correlation was 
found between serum resistin levels and serum levels 
of total cholesterol, triglycerides and LDL while a 
significant negative correlation between its levels and 
serum levels of HDL was reported. 

These results are supported by those of 
Mojiminiyi and Abdella (2007), who concluded that 
resistin was correlated positively and significantly 
with atherogenic lipid profile in type 2 diabetic 
patients, and in patients with metabolic syndrome (de 
Luis et al., 2009).  

On the contrary to our results, Qi et al. 
(2008), found no significant correlation between 
resistin levels and lipid profile parameters except a 
negative correlation with HDL levels only in patients 
with metabolic syndrome.  

Moreover, it was reported that resistin 
directly increases the endothelial expression of 
adhesion molecules, vascular wall adhesion 
molecule-1 (VCAM-1) and intracellular adhesion 
moleculer-1(ICAM-1) that play central roles in the 
early stage of the atherogenic processes (Burnett et 
al., 2005), it also promotes lipid accumulation in 
human macrophages by up-regulating CD36 cell 
surface expression, which is one of the scavenger 
receptors in macrophages involved in the uptake of 
modified LDL (Xu et al., 2006). Based on these data, 
resistin is supposed to induce atherosclerosis by 
mediating endothelial hyperactivity in response to the 
systematic inflammatory condition in human 
(Tsukahara et al., 2009).  

At the cellular level, resistin has also been 
shown to exert potent pro-inflammatory properties by 
up-regulating pro-inflammatory cytokines, probably 
via the nuclear factor-κβ (NF-κβ) pathway, and 
resistin can induce inflammation in animal models 
(Stofkova, 2010). Besides this inflammatory 
induction, resistin also promotes proliferation and 

activation of human smooth muscle cells and 
endothelial cells, (Calabro et al., 2004) and induces 
angiogenic responses in endothelial cells, in part via 
phosphorylation and activation of different 
phosphate-kinase pathways (Mu et al., 2006).  

Accordingly, it was reported that resistin 
may influence angiogenesis, not only in adipose 
tissue but also at other sites, so that systemic 
concentrations of resistin may contribute to the 
development of vascular disease (Robertson et al., 
2009). 

Hence, considering the expression of resistin 
by mononuclear cells and that obesity and T2DM are 
states of low-grade inflammation with activated 
inflammatory cascades, resistin may indeed present a 
molecular link between metabolic signals, 
inflammation and atherosclerosis (Kadoglou et al., 
2007).  

As insulin resistance is associated not only 
with hyperinsulinemia and hyperglycemia but also 
with other disorders such as abnormal lipid profile 
(Ding et al., 2005). These findings indicate a link 
between lipid profile and insulin sensitivity, since 
systemic excess of FFAs impairs the ability of insulin 
to stimulate glucose metabolism, contributing to 
whole-body insulin resistance (Schaalan et al., 2009). 

In addition, several studies reported that 
resistin is implicated in the control of lipolysis (Rae 
et al., 2007). Also, in the humanized resistin mice, 
resistin was found to increase hormone sensitive 
lipase (HSL) activity by inducing white adipose 
tissue (WAT) inflammation and enhance the 
phosphorylation of HSL at its activating protein 
kinase-A (PKA) site (Qatanani et al., 2009).  

Taken together, it could be postulated that 
the significant relationship between serum resistin 
levels and atherogenic lipid profile may be due to a 
direct effect in addition to induction of insulin 
resistance. 

In relation to the haemostatic changes in the 
same group (group IIb), BT, WBCT, PT and aPTT 
were found to be significantly decreased, while, 
plasma fibrinogen and D-dimmers levels were found 
to be significantly increased (indicating 
hypercoagulable state). However, no significant 
difference in the platelets count was found. 
Furthermore, serum resistin levels were found to be 
correlated negatively and significantly with BT, 
WBCT, PT and aPTT and positively with plasma 
fibrinogen and D-dimmers levels. 

Our findings are in line with those of other 
investigators who concluded that, resistin is an 
emerging cardiovascular risk factor implicated in 
T2DM (Kershaw and Flier, 2004). Furthermore, the 
patients with myocardial infarction showed higher 
plasma resistin levels especially those with coronary 
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heart disease (CHD) when compared with the 
controls (Burnett et al., 2006). 

Hyperfibrinogenaemia is associated with an 
increased prevalence and incidence of primary and 
recurrent CHD and thrombosis (Mc Dermott et al., 
2003) and correlates with measures of obesity in 
several studies (Woodward et al., 1997).  

Also, Menzaghi et al. (2006) reported a 
significant positive correlation between resistin levels 
and fibrinogen levels in insulin resistant patients.  

Furthermore, it was found that, resistin has 
been shown to selectively impair the effect of insulin 
on endothelial nitric oxide synthetase (eNOS) 
enzymatic activity and indicate a mechanism through 
which resistin can reduce insulin-evoked 
vasorelaxation (Gentile et al., 2008). 

Moreover, resistin induces serine protease 
(Akt)-dependent endothelial NO dysfunction through 
the inhibition of IRS-1 signaling pathway and IRS-1 
itself is present in a lower amount in cells challenged 
with insulin and pretreated with resistin suggesting 
that resistin interferes with the insulin-stimulated 
IRS-1-dependent signaling pathway, acting both on 
the IRS-1 protein and on its ability to activate 
phosphatidyl inositol tri-phosphate kinase (PI3K) 
(Palanivel et al., 2006). 

Moreover, in high fat diet-fed rats, resistin 
levels correlate negatively with vascular NO levels 
even after correction of insulin levels, which suggests 
a direct inhibitory role of resistin on NO secretion (Li 
et al., 2007). And since endothelial NO has a crucial 
role not only in modulating vascular tone but also in 
anti-atherogenic protection (Myazaky et al., 2003) by 
inhibiting inflammation, oxidation, vascular smooth 
muscle cell proliferation and migration, it can be 
speculated that endothelial NO dysfunction induced 
by resistin could also participate to the enhanced 
atherosclerotic process that occurs in obese subjects 
(Gentile et al., 2008).  

In vitro studies of Takahashi et al. (2006), 
who described that resistin activates endothelial cell 
directly by promoting endothelin-1 (ET-1) release 
and expression of ET Jung et al. (2006). In addition, 
Li et al. (2007) reported a significant positive 
correlation between resistin levels and ET levels in 
high fat-fed rats.  

Furthermore, Li et al. (2007) concluded that 
chronic administration of resistin in rats produced a 
significant increase in plasminogen activator 
inhibitor-1 (PAI-1) and Von Wellebrand factor 
(VWF). Moreover, they also reported that, diet-
induced hyperresistinemia in rats correlated 
positively with levels of PAI-1 and VWF even after 
correction of insulin levels. In addition, Qi et al. 
(2008) reported that, resistin was correlated 
positively with PAI-1 levels in women with 

metabolic syndrome. In fact, the increased levels of 
PAI-1 found in obesity may predispose to micro- and 
macro-vascular, arterial and venous thrombosis 
(Lundgren et al., 1996). 

 
5. Conclusion:  
  No role for resistin in metabolic and 
haemostatic changes in type 1 diabetic rats was 
detected. Although, hyperresistinemia may represent 
a novel link between metabolic signals, 
atherosclerosis, and hypercoagulability in type 2 
diabetic rats. However, further studies are needed to 
clarify this relationship in human cardiovascular 
diseases. 
 
References 
1. Ahren B. and Scheurink A.J.W. (1998): Marked 

hyperleptinemia after high fat diet associated with 
severe glucose intolerance in mice. Eur. 
J.Endocrinol., 139:461-467. 

2. Allain C., Poon L.S., Chan C.S.,. Richmond W., Fu 
P.C. (1974): Enzymatic determination of total serum 
cholesterol. Clin. Chem., 20:470-475. 

3. American Diabetes Association. (2007): Total 
prevalence of diabetes and pre-diabetes. 
Diabetes.org/diabetes-statistics/prevalence.jsp. 

4. Ansell, J.E. (1992): Impression of prothrombin 
times monitoring of oral anticoagulants. Am. J. 
Clin. Path., 98:237-239. 

5. Azuma K., Katsukawa E., Oguchi S., Murata M., 
Yamazaki H., Shimada A. (2003): Correlation 
between serum resistin level and adiposity in obese 
individuals. Obes. Res., 11:997–1001. 

6. Banerjee R.R., Rangwala S.M., Shapiro J.S., Rich 
A.S., Rhoades B., Qi Y., Wang J., Rajala M.W., 
Pocai A., Scherer P.E., Steppan C.M., Ahima R.S., 
Obici S., Rossetti L., Lazar M.A. (2004): Regulation 
of fasted blood glucose by resistin. Sci., 303:1195-
98. 

7. Baron A.D. (1994): Hemodinamic actions of 
insulin. Am. J. physiol., 267:E187-E202. 

8. Bo S., Gambino R., Pagani A., Guidi S., Gentile L., 
Cassader M. (2005): Relationships between human 
serum resitin inflammatory markers and insulin 
resistance. Int. J. Obes., 29:1315–1320. 

9. Brecher E., Patcheke S., Triplett L.M. (1953): 
Human blood coagulation and its disorders. J. 
Pharma. pharmac., 30:271-279. 

10. Burnett M.S., Devaney J.M., Adenika R.J., Lindsay 
R., Howard B.V. (2006): Cross sectional 
associations of resistin, coronary heart disease, and 
insulin resistance. J. Clin. Endocrinol. Metab., 
91:64-68. 

11. Burnett M.S., Lee C.W., Kinnaird T.D., Stabile E., 
Durrani S., Dullum M.K., Devaney J.M. (2005): 
The potential role of resistin in atherogenesis. 



Journal of American Science                                                                                                                 2010;6(11)   

  

http://www.americanscience.org            editor@americanscience.org 225

Atheroscl., 182:241–248. 
12. Calabro P., Samudio I., Willerson J.T., Yeh E.T. 

(2004): Resistin promotes smooth muscle cell 
proliferation through activation of extracellular 
signal-regulated kinase 1/2 and phosphatidylinositol 
3-kinase pathways. Circulation, 110:3335–3340. 

13. Cha M.C., Chou J., Boozer C.N (2000): High-fat 
diet feeding reduces the diurinal variation of plasma 
leptin concentration in rats. Metab., 48:503-507. 

14. Cooper J. and Douglas A. (1991): Fibrinogen level 
as a Predictor of mortality in survivers of 
myocardial infarction. Fibrinolysis, 5:105-108. 

15. Coskun O., Ocakci A., Bayraktaroglu T., Kanter M. 
(2004): Exercise training prevents and protects 
streptozotocin-induced oxidative stress and β-cell 
damage in rat pancrease. Tohoku J. Exp. Med., 
203:145-154. 

16. Daniel P., Lesniowski B., Jasinska A., Pietruczuk 
M., Malecka- Panas E. (2010): Usefulness of 
assessing circulating levels of resistin, Ghrehlin and 
IL-18 in alcoholic acute pancreatitis. Dig. Dis. Sci., 
[Epub ahead of print]. 

17. de Luis D.A., Gonzalez Sagrado M., Conde R., 
Aller R., Izaola O., Perez Castrillon J.L., Duenõas 
A. (2009): Relation of resistin levels with 
cardiovascular risk factors and insulin resistance in 
non-diabetes obese patients. Diab. Res. Clin. Pract., 
84:174-178. 

18. Declerck P.J., Mombaerts P., Holvoet P., DeMol 
M., Collen D. (1987): Fibrinolytic response and 
fibrin fragment D-dimer in patients with deep 
venous thrombosis. Thromb. Haemost., 58:1024-
1029. 

19. Ding S. Y., Shen Z. F., Chen Y. T., Sun S. J., Liu 
Q., Xie M. Z. (2005): Pioglitazone can ameliorate 
insulin resistance in low-dose streptozotocin and 
high sucrose-fat diet induced obese rats. Acta. 
Pharma. Sin., 26:575−580. 

20. Ferrer J.C., Favre C., Gomis R.R., Fernaóndez-
Novell J.M., Garcıóa-Rocha M., de la Iglesia N. 
(2003): Control of glycogen deposition. FEBS. Lett., 
546:127-32. 

21. Friedwald W.T., Levy R.I., Fredrickson D.S. 
(1972): Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without 
use of the preparative ultracentrifuge. Clin. Chem., 
18:499-502. 

22. Gentile M., Vecchione C., Marino G., Aretini A., 
Pardo A., Antenucci G., Maffei A., Cifelli G., Louio 
L., Landolfi A., Frati G., Lembo G. (2008): Resistin 
impairs insulin-evoked vasodilation. Diab., 57:577-
583. 

23. Jung H.S., Park K.H., Cho Y.M., Chung S.S., Cho 
H.J., Cho S.Y., Kim S.J., Kim S.Y., Lee H.K., Park 
K.S. (2006): Resistin is secreted from macrophages 
in atheromas and promotes atherosclerosis. 

Cardiovasc. Res., 69:76-85 . 
24. Kadoglou N., Perrea D., Lliadis F., Angelopoulou 

N., Liapis C., Alevizos M. (2007): Exercise reduces 
resistin and inflammatory cytokines in patients with 
type 2 diabetes. Diabet. Care, 30:719-21. 

25. Kershaw E.E.and Flier J.S. (2004): Adipose tissue 
as an endocrine organ. J. Clin. Endocrinol. Metab., 
89:2548-2556. 

26. Khatun S., Kanayama N., Belayet H.M., Tokunaga 
N., Sumimoto K.,Kobayashi T., Terao T. (1999): 
Induction of hypercoagulability  condition by 
chronic localized cold stress in rabbits. Thromb. 
Haemost., 81:499-455. 

27. Kunnari A., Ukkola O., Paivansalo M., Kesaniemi 
Y.A. (2006): High plasma resistin level is associated 
with enhanced highly sensitive C-reactive protein 
and leukocytes. J. Clin. Endocrinol. Metab., 
91:2755-2760. 

28. Kushiyama A., Shojima N., Ogihara T., Inukai K., 
Sakoda H., Fujishiro M. (2005): Resistin-like 
molecule beta activates MAPKs, suppresses insulin 
signaling in hepatocytes, and induces diabetes, 
hyperlipidemia, and fatty liver in transgenic mice on 
a high fat diet. J.Biol.Chem., 280:42016−42025. 

29. Lehrke M., Reilly M.P., Millington S.C., Iqbal N., 
Rader D.J., Lazar M.A. (2004): An inflammatory 
cascade leading to hyperresistinemia in humans. 
PLoS Med., 1: 45-5. 

30. Lender D. and Sysko S.K. (2007): The metabolic 
syndrome and cardiometabolic risk: scope of the 
problem and current standard of care. 
Pharmacotherapy, 26:3-12. 

31. Li Y., Wang Y., Li Q., Chen Y., Sun S.Z., Zhang 
W.D., Jia Q. (2007): Effect of resistin on vascular 
endothelium secretion dysfunction in rats. 
Endothelium, 14:207-14. 

32. Link J.J., Rohatgi A., de Lemos J.A. (2007): HDL 
cholesterol physiology, pathophysiology, and 
management. Curr. Probl. Cardiol., 32:268–314. 

33. Lundgren C.,Brown S.,Nordt T., Sobel B., Fujii S. 
(1996): Elaborationof type-1 plasminogen activator 
inhibitor from adipocytes. Circulation, 93:106-110. 

34. Lutz A.J. and Pardridge W.M. (1993): Insulin 
therapy normalizes glucose transporter mRNA but 
not immunoreactive transporter protein in 
streptozotocin-diabetic rats. Metab., 42:939-944. 

35. Martin P. (1981): A guide to laboratory animal 
technology, 2nd ed. Willim Uheine, medical box 
limited, London. P71. 

36. Matthews DR, Hosker JP, Rudenski AS, Naylor 
BA, Treacher DF, Turner RC. (1985): Homeostasis 
model assessment: insulin resistance and beta-cell 
function from fasting serum glucose and insulin 
concentrations in man. Diabetologia, 28:412:419. 

37. Mc dermott M.M., Green D., Greenland P., Liu K., 
Criqui M.H., Chan C. (2003): Relation of levels of 



Journal of American Science                                                                                                                 2010;6(11)   

  

http://www.americanscience.org            editor@americanscience.org 226

haemostatic factors and inflammatory markers to 
the ankle brachial index. Am. J. Cardiol., 92:194-
199. 

38. Menzaghi C., Coco A., Salvemini L., Thompson R., 
De Cosmo S., Doria A., Trischitta V. (2006): 
Heritability of serum resistin and its genetic 
correlation with insulin resistance-related features in 
nondiabetic Caucasians. J. Clin. Endocrinol. 
Metab., 91:2792-5. 

39. Mojiminiyi O.A., Abdella N.A. (2007): 
Associations of resistin with inflammation and 
insulin resistance in patients with type 2 diabetes 
mellitus. Scand. J. Clin. Lab. Invest., 67:215-225 

40. Moon B., Kwan J.J., Duddy N., Sweeney G., 
Begum N. (2003): Resistin inhibits glucose uptake 
in L6 cells independently of changes in insulin 
signaling and GLUT4 translocation. Am. J. Physiol. 
Endocrinol. Metab., 285:E106-15. 

41. Mu H.M., Ohashi R., Yan S., Chai H., Yang H., Lin 
P., Yao Q., Chen C. (2006): Adipokine resistin 
promotes in vitro angiogenesis of human endothelial 
cells. Cardiovasc. Res., 70:146–57. 

42. Muse E.D., Lam T., Scherer P.E., Rossetti L. 
(2007): Hypothalamic resistin induces hepatic 
insulin resistance. J. Clin. Invest., 117:1670-1678. 

43. Muse E.D., Obici S., Bhanot S., Monia B.P., 
McKay R.A., M.W. Rajala R.A., Scherer P.E., 
Rossetti L. (2004): Role of resistin in diet-induced 
hepatic insulin resistance, J. Clin. Invest., 114 232-
9. 

44. Myazaky Y., He H., Mandarinol J., De fronzo R. 
(2003): Rosiglitazone improves downstream insulin 
receptor signaling in type 2 diabetic patient. Diab., 
52:1950-5. 

45. Naito H.K. (1989): Triglycerides in clinical 
chemistry: theory, analysis and correlation. Second 
edition by Kaplan LA and Pesce AJ. (U.S.A.), P. 
997. 

46. Nakata M., Okada T., Ozawa K., Yada T. (2007): 
Resistin induces insulin resistance in pancreatic 
islets to impair glucose-induced insulin release. 
Biochem. Biophys. Reas. Commun., 353:1046-51. 

47. Nishikawa K., Higuchi M., kimura S., Shimodate 
Y., Namiki A. (2008): Severe hyperglycemic shock 
associated with hepatic portal venous gas. J. 
Anesth., 22:74-6. 

48. Otani K., Kulkarni R.N., Baldwin A.C., Krutzfeldt 
J., Ueki K., Stoffel M., Kahn C.R., Polonsky K.S. 
(2004): Reduced beta-cell mass and altered glucose 
sensing impair insulin-secretory function in beta 
IRKO mice. Am. J. Physiol. Endocrinol. Metab., 
286:E41–E49. 

49. Palanivel R., Maida A., Liu Y., Sweeney G. (2006): 
Regulation of insulin signalling, glucose uptake and 
metabolism in rat skeletal muscle cells upon 
prolonged exposure to resistin. Diabetol., 49:183-

90. 
50. Palomo I., Alarcon M., Moore-Carrasco R., Argiles 

J.M. (2006): Hemostasis alterations in metabolic 
syndrome. Int. J. Mol. Med., 18:969-74. 

51. Qatanani M., Szwergold N., Greaves D., Ahima R., 
Lazar M. (2009): Macrophage-derived human 
resistin exacerbates adipose tissue inflammation and 
insulin resistance in mice. J. Clin. Invest., 10:1172-
JC137273 

52. Qi Q., Wang J., Li H., Yu Z., Ye X., Hu FB., Franco 
O.H., Pan A., Liu Y., Lin X. (2008): Association of 
resistin with inflammatory and fibrinolytic markers, 
insulin resistance, and metabolic syndrome in 
middle-aged and older Chinese. Eur. J. Endocrinol., 
159:585-93. 

53. Qi Y., Nie Z., Lee Y.S., Singhal N.S., Scherer P.E., 
Lazar M.A., Ahima R.S. (2006): Loss of resistin 
improves glucose homeostasis in leptin deficiency. 
Diab., 55:3083–3090. 

54. Quick A.J. (1966): Hemorrhage disease and 
thrombosis. 9 ed. Lea and Febiger, Philadelphia. 
P209. 

55. Rabe K., lehrke M., parhofer K.G., Broedl U. 
(2008): Adipokines and insulin resistance. Mol. 
Med., 14:741-751. 

56. Rae C., Robertson S.A., Taylor J.M., Graham A. 
(2007): Resistin induces lipolysis and re-
esterification of triacylglycerol stores, and increases 
cholesteryl ester deposition, in human macrophages. 
FEBS. Lett., 581:4877–4883. 

57. Rajala M.W., Obici S., Scherer P.E., Rossetti L. 
(2003): Adipose-derived resistin and gut-derived 
resistin-like molecule-beta selectively impair insulin 
action on glucose production. J. Clin. Invest., 
111:225-230. 

58. Rangwala S.M., Rich A.S., Rhoades B., Shapiro 
J.S., Obici S., Rossetti L., Lazar M.A. (2004): 
Abnormal glucose homeostasis due to chronic 
hyperresistinemia. Diab., 53:1937-1941. 

59. Reaven GM. (1991): Insulin resistance 
hyperinsulineamia hypertriglyceridymia and 
hypertension. Parallels between human disease and 
rodent models. Diab. Care, 1991, 14:195-202 

60. Robertson S., Rae C., Graham A. (2009): Induction 
of angiogenesis by murine resistin: putative role of 
PI3-kinase and NO-dependent pathways. Regul. 
Pept., 152:41-47. 

61. Schaalan M., El-Abhar H., Barakat M., El-Denshary 
E. (2009): Westernized-like-diet-fed rats: effect on 
glucose homeostasis, lipid profile, and adipocyte 
hormones and their modulation by rosiglitazone and 
glimepiride. J. Diab.Complications, 23:199-208. 

62. Silha J.V., Krsek M., Skrha J.V., Sucharda P., 
Nyomba B.L., Murphy L.J. (2003): Plasma resistin, 
adiponectin and leptin levels in lean and obese 
subjects: correlations with insulin resistance. Eur. J. 



Journal of American Science                                                                                                                 2010;6(11)   

  

http://www.americanscience.org            editor@americanscience.org 227

Endocrinol., 149:331–335. 
63. Silswal N., Singh A.K., Aruna B., Mukhopadhyay 

S., Ghosh S., Ehtesham N.Z. (2005): Human resistin 
stimulates the pro-inflammatory cytokines TNF-
alpha and IL-12 in macrophages by NF-kappa β 
dependent pathway. Biochem. Biophys. Res. 
Commun., 334:1092–1101. 

64. Sivitz W.I., Walsh S., Morgan D., Donohoue B., 
Haynes W., Leibel L. (1998): Plasma leptin in 
diabetic and insulin treated diabetic and normal rats. 
Metab., 47:584-591. 

65. Skyrme-Jones R.A., O’Brien R.C., Luo M., 
Meredith I.T. (2000): Endothelial vasodilator 
function is related to low-density lipoprotein 
particle size and low-density lipoprotein vitamin E 
content in type 1 diabetes. J. Am. Coll. Cardiol., 
35:292–9. 

66. Sobel B.E. (2003): Fibrinolysis and diabetes. Front. 
Biosci., 8:1085-92. 

67. Steppan C.M. and Lazar M.A. (2004): The current 
biology of resistin. J. Int. Med., 255:439-447. 

68. Steppan C.M., Shannon T.B., Savitha B., Brown 
E.J., Banerjee R.R., Wright C.M., patel H.R., Ahima 
R.S., Lazar M.A. (2001): The hormone resistin links 
obesity to diabetes. Nat., 409:307-312. 

69. Stofkva A. (2010): Resistin and visfatin: regulators 
of insulin sensitivity, inflammation and immunity. 
Endoc. Regul., 44:25-36. 

70. Stroubini Th., Perelas A., Liapi C., Perrea D., 
Dontas I., Tzavara Ch., Galanopoulou P. (2009): 
Serum adiponectin and resistin in rats under three 
isocaloric diets: The effect of sibutramine. Cytokine, 
46:171-175. 

71. Takahashi K., Totsune K., Kikuchi K., Murakami 
O. (2006): Expression of Endothelin-1 and 
adrenomedullin was not altered by leptin or resistin 
in bovine brain microvascular endothelial cells. 
Hypertens. Res., 29:443-448. 

72. Toba H., Sawai N., Morishita M., Murata S., 
Yoshida M., Nakashima K., Morita Y., Kobara M., 
Nakata T. (2009): Chronic treatmeant with 
recombinant erythropoietin exerts renoprotective 
effects beyond hematopoiesis in streptozotocin-
induced diabetic rat. Eur. J. Pharmacol., 612:106-
114. 

73. Trinder P. (1969): Enzymatic determination of 

glucose. An. Clin. Bioch., , 6-24. 
74. Tsukahara T., Nakashima E., Watarai A., Hamada 

Y., Naruse K., Kamiya H., Nakamura N., Kato N., 
Hamajima N., Sekido Y., Niwa T., Tomita M., Oiso 
Y., Nakamura J. (2009): Polymorphism in resistin 
promoter region at S420 determines the serum 
resistin levels and may be a risk marker of stroke in 
Japanese type 2diabetic patients. Diab.Res. Clin. 
Pract., 84:179-86. 

75. Vergès B. (2009): Lipid disorders in type 1 diabetes. 
Diab.& Metab., 35:353–360. 

76. Verma S., Li S.H., Wang C.H., Fedak P.W., Li 
R.K., Weisel R.D., Mickle D.A. (2003): Resistin 
promotes endothelial cell activation: further 
evidence of adipokine-endothelial interaction. 
Circulation, 180:736-740. 

77. Warnick G.R., Benderson V., Albers N. (1983): 
Selected methods. Clin. Chem., 10:91-99. 

78. Way J.M., Gorgun C.Z., Tong Q., Uysal K.T., 
Brown K.K., Harrington W.R., Oliver Jr., T.M., 
Willson S.A. Kliewer G.S., Hotamisligi G.S. 
(2001): Adipose tissue resistin expression is 
severely suppressed in obesity and stimulated by 
peroxisome proliferator-activated receptor gamma 
agonists. J. Biol. Chem., 276:25651–25653. 

79. Willett W.C. (2002): Dietary fat plays a major role 
in obesity. Obes. Rev., 3:59−68. 

80. Williams R., Van Gaal L., Lucioni C. (2002): The 
CODE-2 Advisory Board: Assessing the impact of 
complications on the costs of type II diabetes. 
Diabetol., 45:S13-S17. 

81. Woodward M., Lowe G., Rumley A., Tunstall-
pedoe H., Philippou H., Lane D. (1997): 
Epidemiology of coagulation factors, inhibitors and 
activation markers: the third Glasgow MONICA 
survey. II. Relationships to cardiovascular risk 
factors and prevalent cardiovascular disease. Br. J. 
Haematol., 97:785-797. 

82. Xu W., Yu L., Zhou W., Luo M. (2006): Resistin 
increases lipid accumulation and CD36 expression 
in human macrophages. Biochem. Biophys. Res. 
Commun., 351:376–382. 

83. Yves M.H. and Theo F.M. (2007): The effect of low 
dose insulin on mechanical sensitivity and allodynia 
in type1 diabetes neuropathy. Neurosc.  Letters., 
417:149-154. 

 
 
6/5/2010 


