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	 Abstract
	 Background. Adiponectin, vaspin and leptin are 
only a few of these numerous adipocytokines. Little is known 
about the behavior of adipocytokines and how adipose tissue 
metabolism is affected in this Type 1 DM model. In this 
study we investigated the serum levels of adiponectin, leptin, 
vaspin in streptozotocin(STZ) induced diabetic rats.
	 Material and methods. Twelve Spraque Dawley 
albino rats were included in the study. The animals were 
divided into two groups. The first group was diabetic (D) 
(n: 6) and 60mg / kg STZ was administered intraperitoneally 
(i.p.) to these rats. The second group was the non-diabetic 
control (ND) group (n: 6). All the animals were euthanized by 
cervical dislocation. Quantification of vaspin, Adiponectin, 
leptin in serum was performed using the ELISA kit.
	 Results. Adiponectin, vaspin levels of diabetic 
group were found to be statistically lower than of control 
group (p<0.05). Leptin levels were significantly higher in the 
diabetic group (P<0.05).
	 Conclusion. There is a need for new researches 
that can explain the relationship between Vaspin, Leptin 
and Adiponectin and Type 1 diabetes. New studies in this 
area will open new horizons for the identification of new 
biomarkers in the diagnosis and treatment of Type 1 diabetes.

	 Keywords: Vaspin, Adiponectin, Leptin, Type 1 
diabetes, Streptozotocin.

INTRODUCTION

	 Although the adipose tissue was only 
considered as a fat deposition site previously, it is now 
considered to be an endocrine organ that secretes a 
large number of cytokines that have been implicated 
in insulin sensitivity, inflammation, coagulation, and 
atherosclerosis in recent years (1). Numerous cytokine 

secretions by adipose tissue have been found, such 
as Leptin, Resistin, Adiponectin, Vaspin, Chemerin, 
Apelin, Visfatin, Hepcidin, Adipsin, Omentin, 
TNF-α, IL-6, IL-8, Monocyto chemoattractant protein 
(MCP-1), Prostaglandin I2 (PI2), Prostaglandin F2α 
(PG2F2α), Nerve Growth Factor (NGF), Plasminogen 
activator inhibitor-1(PAI-1), acylation-stimulating 
protein (ASP) and insulin-like growth factor (2). 
Adiponectin, Vaspin and Leptin are only a few of these 
numerous adipocytokines. 
	 Vaspin is a member of the serine protease 
inhibitor (serpin) family, first described in the visceral 
adipose tissue of diabetic rats (3). Diabetic or insulin-
resistant subjects were found to have higher vaspin 
levels than low-fat normal subjects (4). It has also been 
claimed in recent studies that vaspin has a modulatory 
role on glucose metabolism (5). But its mechanism 
is not clear. It is thought that this modulatory role of 
vaspin may be associated with the regulation between 
the decrease in pancreatic insulin secretion and the 
changes in insulin sensitivity in peripheral tissues 
(KC, muscle, etc.) (6,7). It is also emphasized in some 
studies that worsening diabetes results in weight loss 
and decreased vaspin expression, which is normalized 
with the treatment of insulin or pioglitazone. It is also 
thought that vaspin may have an insulin sensitizing 
effect on white fat tissue (5). All these findings may 
lead to the development of new treatments in the future 
with the use of vaspin analogs or antagonists to increase 
insulin sensitivity in the metabolic syndrome (8). 
	 Leptin regulates energy homeostasis and 
informs the hypothalamus about body fat tissue. Leptin 
also participates in glucose metabolism by reducing 
glucogenolysis in the muscle, liver and fat cells while 
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increasing glyconeogenesis (9). Depending on the state 
of energy in the body, it is synthesized and secreted 
in fat cells (10). Leptin is also effective on different 
tissues and systems such as body lipid metabolism, 
hematopoiesis, pancreatic beta cell function (11-13).
Leptin reduces intracellular lipid levels in the skeletal 
muscle, liver and pancreatic beta cells by enhancing 
insulin sensitivity (14). Many experimental studies 
have shown that the role of glucose on leptin release 
from adipocytes is very important (15). 
	 Adiponectin is a collagen-like plasma protein 
synthesized by adipose tissue (16). In clinical studies, 
it has been determined that adiponectin level is low in 
obesity, type 2 DM and coronarian patients (17-20). 
	 Diabetes induction with streptozotocin (STZ) 
is a widely used experimental model for studying the 
pathophysiology of diabetes mellitus. It is known that 
STZ causes diabetes mellitus by damaging the pancreas 
and the liver in rats (21, 22). This experimental model is 
a type 1 DM model. Little is known about the behavior 
of adipocytokines and how adipose tissue metabolism is 
affected in this DM model. Indeed, there are few reports 
that show the behavior of adipokines, specifically 
vaspin, adiponectin and leptin, in experimental diabetes 
models. A better understanding of the relationship 
between adipocytokines and DM can provide new 
information about the physiopathology of diabetes. 
This new information can lead to new and different 
treatment methods in diabetes. Therefore, in this study 
we investigated the serum levels of adiponectin, leptin, 
vaspin in streptozosin (STZ) induced diabetic rats.

MATERIAL AND METHODS

	 Animals
	 Sprague Dawley albino male rats (250 gr) were 
housed in a room at constant temperature of 22°C, with 
12-h light/dark cycles and fed on standard pellet chow 
and water ad libitum. The animals were obtained from 
the laboratory Animal Care Division of the Health 
Science of University.

	 Experimental procedure
	 Twelve Spraque Dawley albino male rats (250-
300 g) were included in the study. The animals were 
randomly divided into two groups. The first group was 
diabetic (D) (n: 6) and 60mg / kg STZ was administered 
intraperitoneally (i.p.) to these rats. Forty eight hours 
after STZ injection, blood glucose levels were measured 
and rats having more than 200 mg/dL were considered as 
diabetic. The second group was the non-diabetic control 

(ND) group (n: 6) and no treatment was performed.
	 At the end of the 6 week experimental period, 
all the animals were euthanized by cervical dislocation. 
The blood was immediately collected and centrifuged 
and aliquots of the serum were frozen at -80°C for 
subsequent analyses. Levels of vaspin, adiponectin 
and leptin were measured in these serums. The liver, 
pancreas and adipose tissue depots were removed 
immediately using the anatomical localization of the 
organ previously described.

	 Determination of vaspin, adiponectin, leptin
	 Quantification of vaspin, adiponectin, leptin 
in serum was performed using the enzyme linked 
immunosorbent assay (ELISA) kit. Adiponectin levels 
were analyzed using DRG® Adiponectin (Rat) ELISA 
(EIA-4570). The limit of sensitivity of this assay is 0.155 
ng/mL Rat Adiponectin (20 µL sample size). This assay 
is specific for rats. Leptin levels were analyzed using 
DRG® Leptin (Rat) ELISA (EIA-4607). The limit of 
sensitivity of this assay is 0.04 ng/mL using a 10 µL 
sample size. This assay is specific for rats. Vaspin levels 
were analyzed using AVISCERA BIOSCIENCE Vaspin 
(rat) ELISA (SK00560-03) kits. The limit of sensitivity 
of this assay is 0.097 ng/mL using 50 µL sample size. All 
the used kits followed the producer’s recommendations 
and the results were expressed in pg/mL or ng/mL.

	 Histopathological evaluations 
	 Tissue specimens were fixed in 10% 
formaldehyde and then embedded in paraffin blocks. 
Paraffin sections (4-5μm) were stained with hematoxylin 
&eosin (H&E), examined and photographed under a 
photomicroscope (Olympus BX51, Tokyo, Japan) by 
the histologist in a blind manner.

	 Statistical analysis 
	 SPSS 15.0 Statistics Software and InStat3 
GraphPad Software were used for all statistical 
analyses. The Mann-Whitney Test was used to compare 
nonparametric data in independent groups with more 
than two groups. Pearson correlation analysis was 
used for correlation analysis of parametric data and 
Spearman correlation analysis for nonparametric data. 

RESULTS

	 Body weight and blood glucose level
	 The body weight and blood glucose levels 
were measured at the initial and 48 hours after STZ 
injection (Table 1). The body weight and the blood 
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glucose levels were similar at the study baseline among 
the groups. 48 hours after STZ injection, animals had 
a significant weight loss compared to age-matched 
controls and the average blood glucose levels were 
significantly increased; 6 weeks after STZ injection, 
the average blood glucose levels were significantly 
increased (Table 1).
	
	 Serum levels of adipokines
	 - Comparison of groups
	 Adiponectin and vaspin levels of diabetic group 
were found to be statistically lower than of control 
group (p<0.05)(Figs 1,2). However, Leptin levels were 
significantly higher in the diabetic group than those in 
the normal group (P<0.05)(Fig. 3, Table 2). 
	 - Correlation studies
	 There was a moderate negative correlation 
between adiponectin and leptin levels in the entire 
experimental study group (Spearman r=0.5607 

P=0.0297) (Fig. 4). 
	 There was a moderate positive correlation 
between adiponectin levels and vaspin levels in the 
entire experimental study group (Non-DM and DM 
rats) (Spearman r= 0.5893 P=0.0208)(Fig. 5).

	 Histology of pancreatic tissue
	 The histological micrograph analyses of 
pancreatic tissues are presented in Figure 6. For the 
non-diabetic group: a normal lobular architecture in 
the pancreatic tissue (Fig. 6a) was observed. For the 
diabetic group: shows a reduced area and distorted 
forms of islets of Langerhans, as well as the presence 
of inflammatory cells (Fig. 6b).

DISCUSSION

	 In this study we examined the status of 
adipocytokines in type 1 DM in STZ-induced diabetic 

Table 1. Body weight and blood glucose levels in DM and Non-DM groups

Values are expressed as means ± standard errors of mean (SEM) (n=6 in each group). a, p<0.001 compared to I0.

Animal Groups Body Weight (g)     Blood Glucose (mg/dL)
Initial 48 h later Initial 48 h later    6 weeks later

DM 290.8±14.63 239.6±13.97 94.1±5.57 315.1±21.03a 425.2±32.08
Non-DM 288.1+ 12.45 290.1+12.41 90.2+ 5.36 98.2+14.02 96.2+13.05

    All Rats Non-Diabetic Group Diabetic Rat Group *P Values
Mean±SD

Median(Min-Max)
    N 12 6 6 -
Adiponectin, ng/mL 0.44±0.14 0.53±0.15 0.37±0.07 a0.0496

0.40 (0.21-0.74) 0.49 (0.36-0.74) 0.37 (0.21-0.46)

Leptin, ng/mL
4.42±3.67

5.01 (0.31-15.18)
2.17±1.71

1.68 (0.31-5.73)
5.93±3.65

5.42 (1.30-15.18)
a0.0256

Vaspin, pg/mL
52.0±31.6

47.4(11.7-108.5)
70.6±21.4

69.9(38.3-108.5)
39.6±29.4

28.0(11.7-103.3)
a0.0496

Table 2. Characteristics of Rats and analysis results according to groups

*Comparison between Non-Diabetic group and diabetic rat group, aMann-Whitney Test. SD: Standard Deviation, Min-Max: Minimum-Maximum.

Figure 1. Adiponectin  in serum  levels of 
diabetic group were found to be statistically 
lower than of control group (p<0.05).

Figure 2. Vaspin in serum  levels of diabetic 
group were found to be statistically lower 
than of control group (p<0.05).

Figure 3. Leptin in serum levels were 
significantly higher in the diabetic group 
than those in the normal group (P<0.05).
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rats. We found that adiponectin and vaspin levels were 
lower in diabetics and leptin levels were higher. We 
also found a negative correlation between adiponectin 
and leptin, and a positive correlation between vaspin 
and adiponectin.
	 STZ is a drug widely used to induce 
experimental diabetes mellitus in animals. Its 
diabetogenic action occurs by the irreversible damage 
to pancreatic beta cell resulting in the loss of cellular 
functionality to produce and release insulin (23-25).
Thus, the reduction in size of islets, resembling the 
findings in type 1 diabetic animals was observed due to 
toxic and harmful action of STZ on the pancreatic beta 
cells and was also observed in this study (Fig. 6).
	 Although the adipose tissue was only 
considered as a fat deposition site previously, it is now 
considered to be an endocrine organ that secretes a 

large number of cytokines that have been implicated 
in insulin sensitivity, inflammation, coagulation, and 
atherosclerosis in recent years (1). Numerous cytokine 
secretions by adipose tissue have been found, such 
as Leptin, Resistin, Adiponectin, Vaspin, Chemerin, 
Apelin, Visfatin, Hepcidin, Adipsin, Omentin, TNF-α, 
IL-6, IL-8, Monocyto chemoattractant protein (MCP-
1), Prostaglandin I2 (PI2), Prostaglandin F2α (PG2F2α), 
Nerve Growth Factor (NGF), Plasminogen activator 
inhibitor-1 (PAI-1), acylation - stimulating protein 
(ASP) and insulin-like growth factor (2). Adiponectin, 
Vaspin and Leptin are only a few of these numerous 
adipocytokines.
	 Vaspin is a member of the serine protease 
inhibitor (serpin) family, first described in the visceral 
adipose tissue of diabetic rats (3). Persistent diabetic 
or insulin-resistant subjects were found to have higher 

Figure 4. A correlation graph showing the relationship between 
serum adiponectin and leptin levels in the  non-DM  and  DM rats 
at a moderate negative level (Spearman r ¬= 0.5607 P=0.0297).

Figure 5. A correlation graph showing the relationship between 
serum adiponectin and vaspin levels in the non-DM and DM rats at 
a moderate positive level (Spearman r = 0.5893 P=0.0208).

Figure 6. Photomicrograph of rat pancreatic tissue. (a) Non-diabetic group shows a normal lobular architecture, islets of Langerhans 
surrounded by the pancreatic acini, (b) Diabetic group shows a reduced area and distorted forms of islets of Langerhans, as well as the 
presence of inflammatory cells (H&E Bar 20µm).
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vaspin levels than low-fat normal subjects (4). It is 
known that vaspin is expressed in adipocytes in visceral 
white fat tissue in rats and improves insulin sensitivity 
(26). After high-calorie diet in Wistar rats, vaspin has 
been shown to induce obesity and insulin resistance 
as expressed from visceral adipose tissue (27). Again 
Wada (5) showed that vaspin administration in rats 
fed on a high fat diet increased insulin sensitivity. 
Furthermore, Hida et al. (3) showed an improvement 
in insulin sensitivity and glucose tolerance after vaspin 
administration in rats. In recent studies, it has been 
claimed that vaspin has a modulatory role on glucose 
metabolism. But its mechanism is not clear. It is claimed 
that this modulatory role of vaspin may be due to the 
regulation of the relationship between the decrease in 
insulin secretion due to pancreatic progressive damage 
and changes in insulin sensitivity on peripheral tissues 
(KC, muscle, etc.)(6). Considering all these studies, 
it is seen that vaspin is important in physiopathology 
of diabetes and vaspin levels are lower in diabetics.
We also found that vaspin levels were lower in type 1 
diabetics. These findings may lead to the development 
of new treatments for the future use of vaspin analogs 
or antagonists in the treatment of diabetes.
 	 Adiponectin is a polypeptide of 30kDa in size 
synthesized by adipose tissue and is a collagen-like 
plasma protein (16). It is thought that there may be a 
relationship between vaspin and serum adiponectin 
levels. Hida et al. showed that administration 
of recombinant vaspin increased adiponectin 
concentrations. Adiponectin and vaspin are associated 
with increased insulin sensitivity and reduced glucose 
intolerance in diabetes. Both are reduced in type 2 
diabetes (28). Studies have shown that adiponectin 
has an effect on insulin sensitivity in diabetic animals 
(29). It has been determined that adiponectin level is 
low in obesity, type 2 DM and coronary artery patients 
(17, 18). In our study, we found that adiponectin levels 
were lower in type 1 diabetic patients, and there was 
a positive correlation between vaspin and adiponectin 
levels.
	 Leptin is a peptide protein consisting of 
167 amino acids weighing 16 kDa. It is a cytokine 
that is secreted from adipocytes and affects the 
hypothalamus with negative feedback. It increases 
energy expenditure by suppressing food intake. 
Therefore leptin regulates energy homeostasis and 
informs the hypothalamus about body fat tissue. 
Leptin also participates in glucose metabolism by 
increasing gluconeogenesis in the muscle, liver and fat 
cells, while reducing glucogenolysis (9). Depending 

on the state of energy in the body, it is synthesized 
and secreted in fat cells (10). Leptin is also effective 
on different tissues and systems such as body lipid 
metabolism, hematopoiesis, pancreatic beta cell 
function (11-13). The most important function of 
leptin is to keep the amount of fat in the body constant. 
Leptin reduces intracellular lipid levels in the skeletal 
muscle, liver and pancreatic beta cells by enhancing 
insulin sensitivity (14). Many experimental studies 
have shown that the role of glucose on leptin release 
from adipocytes is very important (15).
	 Leptin is an ob gene product and produced in 
adipocytes as a factor of toughness. Leptin deficiency 
increases the hypothalamic level of the hypothalamic 
neuropeptide Y. It has been shown that when flare 
recombinant leptin is administered, it plays a role in 
energy expenditure and regulation of food intake. In 
vivo studies have shown that leptin enhances glucose 
metabolism and insulin sensitivity, particularly through 
hypothalamus in normal and obese rodents. In addition, 
it has been reported that leptin is an antidiabetic agent 
in diabetic mice, which are lipoatrophic and insulin 
deficient (30). Besides, some studies have reported 
that leptin activates ATP-sensitive K channels in B 
cells, suppressing insulin secretion and thus affecting 
insulin secretion. Leptin is also thought to have a 
negative feedback effect on insulin secretion (31). We 
also found that leptin levels in Type 1 diabetic rats 
were higher in our study. Decreased pancreatic insulin 
secretion, which has been destroyed by STZ, due to the 
impaired negative feedback control, leptin levels may 
have increased. 
	 To date, the effect of these adipocytokines on 
diabetes mellitus physiopathology has generally been 
explained on insulin resistance, obesity and Type 2 DM. 
However, as we found in our study, the serum levels of 
these adipocytokines change in people with type 1 DM. 
Therefore, it should be considered that there may be 
common points between adipocytokines and diabetes 
mellitus physiopathology that can be explained by other 
mechanisms besides insulin resistance and obesity. 
New research is needed to explain the relationship 
between Vaspin, Leptin, Adiponectin and Type 1 DM. 
New studies on this subject will open new horizons for 
the detection of new biomarkers in the diagnosis and 
treatment of DM.
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Figure 1. Light microscopic micrograph of testis in control group.



Vaspin, Adiponectin, and Leptin levels in experimental Diabetes mellitus in rat

141

	 Ethical approval
	 All procedures performed in studies involving 
animals were in accordance with the ethical standards of the 
institution or practice at which the studies were conducted. 
All applicable international, national, and/or institutional 
guidelines for the care and use of animals were followed.

References

1. Duarte FO, Sene-Fiorese M, Manzoni MS,Freita LF, Cheik NC, 
Garcia de Oliveira Duarte AC, Nonaka KO, Damaso A.Caloric 
restriction and refeeding promoted different metabolic effects in fat 
depots and impared dyslipidemic profile in rats.Nutritio FC. 2008; 
24:177-186.
2. Trayhurn P, Wood IS. Adipokines: inflammation and the 
pleiotropic role of white adipose tissue. British Journal of Nutrition. 
2004; 92(03): 347-355.
3. Hida K, Wada J, Eguchi J, Zhang H, Baba M, Seida A, Hashimoto 
I, Okada T,Yasuhara A, Nakatsuda A, Shikata K,Hourai S, Futami 
J, Watanabe E, Matsuki Y, Hiramatsu R, Akagi S, Makino H, 
Kanwar YS. Visceral adipose tissue – derived serine protease 
inhibitor: a unique insulin - sensitizing adipocytokine in obesity. 
Proc Natl Acad Sci USA. 2005; 102:10610-10615.
4. Li Q, Chen R, Moriya J, Yamakawa J, Sumino H, Kanda T, 
Takahashi T. A novel adipocytokine, visceral adipose tissue- 
derived serine protease inhibitor (vaspin), and obesity. J Int Med 
Res. 2008; 36: 625-629.
5. Wada J. Vaspin: a novel serpin with insulin-sensitizing effects. 
Expert Opin Investig Drugs. 2008; 17:327-333. 
6. Peterson KF, Shulman GI. Pathogenesis of skletal muscle insulin 
resistance in type 2 diabetes mellitus. Am J Cardiol. 2002; 90:11-18. 
7. Avramoğlu RK, Bascino H, Adeli K. Lipid and lipoprotein 
dysregulation in insulin resistant states. Clin Chim Acta. 2006; 
368:1-19.
8. Castro CA, da Silva KA, Buffo MM, Pinto KNZ, Duarte FO, 
Nonaka KO, Anibal FF, Duarte ACGO. Experimental type 2 
diabetes induction reduces serum vaspin, but not serum omentin, in 
wistar rats. Int J Exo Pathol. 2017; 98: 26-33.
9. Fruhberk G, Gomez-Ambrosi J, Muruzabal FC, Burrell MA. The 
Adipocyte: A model for integration of endocrine and metabolic 
signalling in energy metabolism regulation. Am J Physiol 
Endocrinol Metab. 2001; 280: 827-847.
10. Peelman F, Waelput W, Iserentant H, Lavens D, Eyckerman S, 
Zabeau L, Tayernier J. Leptin: linking adipocyte metabolism with 
cardiovascular and autoimmune diseases. Prog Lipid Res. 2004; 
43:283-301. 
11. Gaja A, Chury Z, Pecen L, Fra kova H, Jandakoya E, 
Hejlova N. Bone marrow and peripheral blood leptin levels in 
lymphoproliferative diseases-relation to the bone marrow fat and 
infiltration. Neoplasma. 2000; 47:307-312. 
12. Martinez-Carpio PA, Fiol C, Hurtado I, Arias C, Ruiz E, Orozco 
P, Corominas A. Relation between leptin and body fat distribution 
in menopausal status. J Physiol Biochem. 2003;59:301-307. 
13. Tremblay A, Pelletier C, Doucet E, Imbeault P. Thermogenesis 
and weight loss in obese individuals: a primary association with 
organochlorine pollution. Int J Obes Relat Metab Disord. 2004; 
28:936-939. 
14. Cancello R, Tounian A, Poitou Ch, Clement K. Adiposity 
signals, genetic and body weight regulation in humans. Diabetes 
Metab. 2004; 30:215-227. 

15. Sun C, Yu X, Li Y, Liu R .Effects of dietary calcium on the 
blood glucose, blood lipid and hormone of rat fed a high fat diet. 
Wei Sheng Yan Jiu. 2004; 33:164-176.
16. Steffes MW, Gross MD, Schreiner PJ, Yu X, Hilner JE, 
Gingerich R, Jacobs DR Jr. Serum adiponectin in young adults-
interactions with central adiposity,circulating levels of glucose, 
and insulin resistance: the CARDIA study. Ann Epidemiol. 2004; 
14:492- 498. 
17. Looker HC, Krakoff J, Funahashi T,Matsuzawa Y, Tanaka S, 
Nelson R, Knowler WC, Lindsay RS, Hanson LR. Adiponectin 
concentrations are influenced by renal function and diabetes 
duration in pima indians with type 2 diabetes. J Clin Endocrinol 
Metab. 2004; 89:4010-4017. 
18. Raji A, Gerhard-Herman MD, Warren M, Silverman SG, 
Raptopoulos V, Mantzoros CS, Simonson DC. Insulin resistance 
and vascular dysfunction in nondiabetic asian indians. J Clin 
Endocrinol Metab. 2004; 89:3965-3972. 
19. Masaki T, Chiba S, Tatsukawa H, Yasuda T, Noguchi H, 
Seike M, Yoshimatsu H. Adiponectin protects LPS-induced liver 
injury through modulation of TNF-alpha in KK-Ay obese mice. 
Hepatology. 2004; 40:177-184.
20. Chinetti G, Zawadski C, Fruchart JC, Staels B. Expression of 
adiponectin receptors in human macrophages and regulation by 
agonists of the nuclear receptors PPARalpha, PPARgamma, and 
LXR. Biochem Biophys Res Commun. 2004;314:151-158. 
21. Srinivasan K, Ramarao P. Animal models in type 2 diabetes 
research: an overview. Indian J Med Res. 2007;125: 451–472.
22. Srinivasan K, Viswanad B, Asrat L, Kaul CL, Ramarao P. 
Combination of high fat diet fed and low dose streptozotocin treated 
rat: a model for type 2 diabetes and pharmacological screening. 
Pharmacol. Res. 2005; 52:313–320.
23. Fadillioglu E, Kurcer Z, Parlakpinar H, Iraz M, Gursul C. 
Melatonin treatment against remote organ injury induced by renal 
ischemia reperfusion injury in diabetes mellitus. Arch Pharm Res. 
2008; 31:705–712.
24. Punithavathi VR, Anuthama R, Stanely Mainzen Prince P. 
Structure – activity relationships for thiol reactivity and rat or 
human hepatocyte toxicity induced by substituted benzoquinone 
compounds. J Appl Toxicol. 2008; 28: 608–620.
25. Zafar M, Naqvi SNH. Effects of STZ induced diabetes on 
the relative weights of kidney, liver and pancreas in albino rats: a 
comparative study. Int J Morphol. 2010; 28:135–142.
26. Auguet T, Quintero Y, Riesco D, Morancho B, Terra X, 
Crescenti A, Broch M, Aquilar C, Olona M, Porras JA, Hernandez 
M,Sabench F, del Castillo D, Richart C. New adipokines vaspin and 
omentin. Circulating levels and gene expression in adipose tissue 
from morbidly obese women. BMC Med. Genet. 2011;12: 60
27. Heiker JT. Vaspin (serpinA12) in obesity, insulin resistance, 
and inflammation. J Pept Sci. 2014; 20: 299–306. 
28. Trujillo ME, Scherer PE. Adiponectin Journey from an adipocyte 
secretory protein to biomarker of the metabolic syndrome. J Intern 
Med. 2005; 257:167–175.
29. Saad MI, Kamel MA, Hanafi MY. Modulation of adipocytokines 
production and serum NEFA level by Metformin, Glimepiride, 
and Sitagliptin in HFD/STZ diabetic rats. Biochem Res Int. 2015; 
138134.
30. Gültürk S, Demirkazık A. Leptin ve Diyabet. C.Ü.Tıp Fakültesi 
dergisi. 2007; 29:35-40.
31. Wauters M, Considine RV, Van Gaal LF.Human leptin: from 
an adipocyte hormone to an endocrine mediator. Eur J Endocrinol. 
2000;143: 293-311.


