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Abstract

The aim of this study is to investigate the effect of vanadium and/or insulin on the pro-
inflammatory biomarkers in type 2 diabetes mellitus (T2DM) rat model.  Sixty male Sprague Dawley 
rats were divided into six groups (n = 10).  Control group, control vanadium group, T2DM group, 
insulin-treated diabetic group, vanadium-treated diabetic group, and concomitant insulin and 
vanadium-treated diabetic group.  At the end of the experiment, serum glucose, insulin, lipid profile, 
tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6), high sensitivity C reactive protein (hs-
CRP), intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1) and 
adiponectin were measured.  Administration of insulin and/or vanadium significantly decreased in the 
plasma levels of glucose, lipid profile, TNF-α, IL-6, hs-CRP, ICAM-1, and VCAM-1 with significant 
increase in adiponectin in comparison to the diabetic group.  Concomitant administration of insulin 
and vanadium significantly improved the above measured parameters compared to either insulin or 
vanadium treatment.  Based on our results we can conclude that administration of both vanadium 
and insulin reduced the low-grade systemic inflammation in T2DM, through reduction of both pro-
inflammatory cytokines and adhesion molecules and increase adiponectin.
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Introduction

Type 2 diabetes mellitus (T2DM) is basically 
characterized by the presence of insulin resistance 
(IR) due to receptor or post receptor defect (13).  

IR and hyperglycemia have been accused in the low 
grade inflammatory status accompanying T2DM (8, 
15, 24) through overproduction of advanced glyca-
tion end products (12).  Thus, T2DM has been cat-
egorized as an inflammatory disease (7, 30) associ-
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ated with disturbed plasma levels of several pro-
inflammatory cytokines, and adipocytokines includ-
ing leptin, adiponectin, tumor necrosis factor alpha 
(TNF-α) and interleukin-6 (IL-6).  Disturbances 
of these inflammatory mediators have been linked 
to the onset of IR (45) in the peripheral tissues, 
particularly the skeletal muscle and adipose tissue 
(5).  IR in T2DM enhances adipocytokines upset 
as a consequence of chronic positive energy bal-
ance in adipose tissue and leads to accumulation of 
excess triglycerides in adipocytes with subsequent 
macrophage infiltration and inflammatory reac-
tion (2).  Several studies reported that interruption 
of cytokines in T2DM correlates remarkably with 
increased IR (33, 39) and regulation of the hepatic 
acute phase reactant C-reactive protein (CRP) (44, 
47).  IR and hyperglycemia up-regulate the intercel-
lular adhesion molecule-1 (ICAM-1) and vascular 
cell adhesion molecule-1 (VCAM-1) in the vascu-
lar endothelium in T2DM (11).  Up-regulation of 
ICAM and VCAM promote adhesion of leukocytes 
to the endothelium with subsequent exaggeration of 
the already established inflammatory processes (1).  
ICAM-1 not only promotes atherogenesis (4) but 
also aggravates organ damage (9) through exacerba-
tion of the inflammatory sequels.

IR and chronic hyperglycemia increase the 
pro-inflammatory and inflammatory mediators, 
inducing the reduction in insulin sensitivity and tis-
sue glucose uptake, with subsequent exaggerated 
inflammatory condition and a vicious circle devel-
oped.  Breaking this circle may block the inflamma-
tory cascade and prevent development of the low-
grade inflammatory reaction associated with T2DM.

Vanadyl sulfate (VOSO) (4) and its complexes 
with several types of ligands have been proposed as 
useful for treating DM in experimental diabetic ani-
mals.  On the basis of a mechanistic study, Vanadyl 
ion and its complexes have been shown to be effec-
tive, not only in treating or relieving both types of 
DM, but also in preventing the onset of DM (34).

The insulin-mimetic potential and anti-diabetic  
effects of vanadium compounds in rodents and human  
have been clearly validated.  Vanadium is a transitional  
trace element that is widely dispersed in nature and 
its administration has been reported to improve 
diabetes mellitus in humans (29).  Vanadium com-
pounds have been shown to mimic insulin in in 
vitro and in vivo systems.  They exert anti-diabetic 
effects in rodent models of type 1 and T2DM, as 
well as in a restricted number of researches in hu-
man diabetic subjects.  Thus, vanadium compound 
displays potential use in diabetes therapy.  How-
ever, treatment of diabetic animals with inorganic 
vanadium salts has also been associated with some 
toxic side-effects on liver, kidneys in addition to 

gastrointestinal discomfort and decreased body 
weight (BW) gain (36).

The aim of the present study is to investigate 
the effects of vanadium and or insulin on the pro-
inflammatory and adhesion molecules biomarkers 
in systemic low – grade inflammation in T2DM rat 
model.

Preliminary results of this study were present-
ed previously in an abstract form at the Internation-
al Conference of Physiological Sciences that was 
hosted by the Chinese Association for Physiological 
Sciences in Beijing, China (18).

Materials and Methods

Chemicals

Streptozotocin (STZ) was purchased from 
(Sigma Chemical Company, USA), vanadium and 
sodium thiopental were purchased from (Bio-Chem, 
Austria), mixtard insulin was ordered from (Novo 
Nordisk, Denmark).

Experimental Animals

This study was carried out on 60 male Sprague  
Dawley rats, (150-200 g BW).  Animals were fed  
with standard laboratory chow and water ad libitum  
and housed in the animal house of King Khalid 
University, College of Medicine under artificial 
light/dark cycle of 12 h.  The animals were divided 
into six groups (n = 10): control group (C): rats 
were injected intraperitoneally (i.p.) once with cit-
rate buffer only (0.1 M, pH 4.5), vanadium control 
group (CV): rats were injected i.p. with buffer as C  
group and received vanadyl sulfate of 0.64 mmol/kg  
weight freshly dissolved in 1 ml of distilled water 
daily through an esophageal tube (46), diabetic 
group (D): rats received high fat diet for 2 weeks  
followed by a single i.p. injection of STZ, 50 mg/kg  
BW (10), insulin-treated diabetic group (DI): rats were  
made diabetic as in D group and received mixtard 
insulin subcutaneously in a dose of 0.75 IU/100 gm 
weight in 0.75 ml volume once daily (41) after 48 h 
of induction of diabetes; vanadium-treated diabetic 
group (DV): rats received the same dose of vana-
dium as in CV group after 48 h of induction of dia-
betes, combined insulin and vanadium-treated dia-
betic group (DIV): rats received both vanadium and 
insulin with the same doses as in groups DV and DI 
respectively.  The daily treatments for the animals 
were continued for 6 weeks.

Induction of T2DM

DM was induced by a single i.p. injection of  
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STZ (50 mg/kg BW) in freshly prepared citrate buffer  
(0.1 M, pH 4.5) (Sigma Chemical Company, USA), 
while control rats were injected with vehicle buffer  
alone.  DM was verified by measuring blood glucose  
through tail-neck blood sampling.  Rats with non-
fasting blood glucose level of ≥20 mM after 48 h of 
STZ injection were considered to be diabetic (20).

The study period of the experiment was 8 
weeks.  Although the failure rate for development 
of diabetes was 15% and the death rate was 5%, 
we only used diabetic rats in the experiment whose 
blood glucose level became above 20 mM.  The 
failed cases of rats that died were excluded from 
the experimental study group from the start.  The 
experiments were conducted in accordance with the 
ethical guidelines for investigations in laboratory 
animals and were approved by the ethical commit-
tee of the College of Medicine, King Khalid Uni-
versity (REC-2013-02-07).

Biochemical Measurements

Blood Samples

At the end of experimental period, blood 
samples were collected by cardiac puncture under 
anesthesia (sodium thiopentone at 40 mg/kg BW) 
after an overnight fast for 12 h.  These blood sam-
ples were collected without anticoagulant, left for 
10 min, then centrifuged for 10 min at 4000 r/min 
to obtain serum, which was stored at –20°C until 
further biochemical analysis for determination of 
serum glucose, insulin, adiponectin, IL-6, TNF-α, 
high sensitivity-CRP (hs-CRP), ICAM-1, VCAM-1, 
triglyceride (TG), total cholesterol (TC), high den-
sity lipoprotein cholesterol (HDL-C), low density 
lipoprotein cholesterol (LDL-C).

Determination of the Serum Adiponectin, TNF-α,  IL-6, 
hs-CRP, ICAM-1 and VCAM-1

Quantitative determination of serum adiponectin  
was performed using the mouse/rat adiponectin en-
zyme-linked immunosorbent assay (ELISA) kit (B-
Bridge international, Inc.), according to the manu-
facturer’s instructions.  ELISA kits for determina-
tion of serum levels of hs-CRP, Cat. No. ERC1021-
1), serum IL-6 (Cat No.ELR0IL6-001) and serum 
TNF-α, Cat No. R63635) were purchased from 
ASSAYPRO, USA. ICAM-1 (Cat. No. SEA548Ra, 
USCN Life Science Inc., USA), and VCAM-1 (Cat. 
No. SEA547Ra, USCN Life Science Inc., USA) lev-
els were measured according to the manufacturer’s 
instructions.

Statistical Analysis

The data was expressed as mean ± standard 
deviation (SD).  Data was processed and analyzed 
using the SPSS version 10.0 (SPSS, Inc., Chicago, 
Ill., USA).  One-way analysis of variance (ANOVA) 
was done followed by Tukey’s post hoc test.  Pear-
son correlation statistical analysis was done for 
detection of a probable significance between two 
different parameters.  Results were considered sig-
nificant if P ≤ 0.05.

Results

Assessment of Metabolic Parameters

After treatment with STZ, fasting glucose  
increased from (94.48 ± 8.58 to 199.6 ± 16.22 mg/dl),  
fasting insulin (from 6.25 ± 0.31 to 7.63 ± 0.21 uU/mL),  
homeostatic model assessment (HOMA)-IR (from 
1.5 ± 0.14 to 3.6 ± 0.41), TG (from 83.23 ± 9.12 
to 175.53 ± 15 mg/dl), TC (from 147.39 ± 12 to 
204.32 ± 15 mg/dl) and LDL-C (from 95.85 ± 8.36 
to 139.72 ± 8.18 mg/dl) with reduction of HDL-C 
(from 69.42 ± 7.34 to 24.82 ± 2.37 mg/dl), in com-
parison to control (P < 0.05), suggesting that T2DM 
was induced successfully (Table 1).

As can be seen from Table 1, treatment with 
insulin alone cause significant decrease glucose  
level in comparison to diabetic rats (169.6 ± 14 mg/dl)  
but not in comparison to control associated with  
increased insulin (7.44 ± 0.14 uU/mL) and HOMA-IR  
(2.9 ± 0.32) in comparison to control.  Treatment of  
diabetic rats with vanadium alone decreases glucose  
level significantly (121.8 ± 12 mg/dl) in comparison 
to diabetic rats but not to control level.  However it 
associated with significant decrease in insulin (4.49 
± 0.35 uU/mL) and HOMA-IR (1.9 ± 0.21) in com-
parison to diabetic and control rats, surprisingly 
data showed decrease insulin level in comparison to 
control.

Administration of both vanadium and insulin 
caused significant decreased glucose level (107.28 
± 9.12 mg/dl), insulin (5.30 ± 0.81 uU/mL) and 
HOMA-IR (1.4 ± 0.18) in comparison to diabetic 
but does not return to control level.

Table 1 also showed that treatment with insulin  
or vanadium alone significantly decreases TG, TC and  
LDL-C associated with increased HDL-C in com-
parison to diabetic rats but not to control level.  
Administration of both vanadium and insulin also 
causes significant decrease of TG, TC and LDL-C 
associated with increased HDL-C in comparison to 
diabetic rats but not to control level, though there is 
decrease in glucose in comparison to diabetic group 
associated with decrease IR significantly less than 
diabetic and control group.
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Effect of Insulin and Vanadium on Pro-Inflammatory 
Cytokines in T2DM

Figs. 1A, 1B and 1C showed significant in-

crease (P < 0.05) of IL-6, TNF-α and hs-CRP in 
diabetic group as compared to control group.  Ad-
ministration of insulin and or vanadium treatment 
significantly (P < 0.05) reduced the pro-inflamma-

Table 1.	 Effect of insulin and vanadium treatment on fasting glucose, insulin TG, TC, LDL-C and HDL-C in 
T2DM rats.

C CV D DI DV DIV
Fasting glucose 
(mg/dl)

94.48 ± 8.58 95.66 ± 5.27 199.60 ± 16.22ab 169.60 ± 13.85abc 121.80 ± 12.76abcd 107.28 ± 9.12abcd

Fasting insulin 
(uU/mL)

6.25 ± 0.31 6.39 ± 0.15 7.63 ± 0.21ab 7.44 ± 0.14ab 4.49 ± 0.35abcd 5.30 ± 0.81abcd

HOMA-IR 1.50 ± 0.14 1.40 ± 0.15 3.60 ± 0.41ab 2.90 ± 0.32ab 1.90 ± 0.21abcd 1.40 ± 0.18cd

TG (mg/dl) 83.23 ± 9.12 81.38 ± 8.29 175.53 ± 15.31ab 133.67 ± 12.49abc 129.00 ± 11.48abc 104.57 ± 9.87cde

TC (mg/dl) 147.39 ± 12.48 143.47 ± 13.9 204.32 ± 15.8ab 174.30 ± 18.21abc 183.90 ± 17.75abc 153.63 ± 13.4cde

LDL-C (mg/dl) 95.85 ± 8.36 92.41 ± 10.32 139.72 ± 8.18ab 122.34 ± 7.4abc 128.40 ± 9.37abc 107.35 ± 9.39cde

HDL-C (mg/dl) 69.42 ± 7.34 71.94 ± 8.12 24.82 ± 2.37ab 35.31 ± 3.14abc 32.38 ± 3.95abc 55.81 ± 6.72cde

Results were expressed as mean ± SD.  C: control, CV: control + vanadium, D: diabetic group, DI: diabetic rats treated with insulin, 
DV: diabetic rats treated with vanadium, DIV: diabetic rats treated with insulin and vanadium.  a, P < 0.05 as compared to C; b,  P < 
0.05 as compared to CV; c, P < 0.05 as compared to D; d, P < 0.05 as compared to DI; e, P < 0.05 as compared to DV.

Fig. 1.	 Serum level of TNF-α (A), IL-6 (B), hs-CRP (C), and adiponectin (D) in the different groups.  Results were expressed as 
mean ± SD of 10 rats.  C: control, CV: control + vanadium, D: diabetic group, DI: diabetic rats treated with insulin, DV: dia-
betic rats treated with vanadium and DIV: diabetic rats treated with insulin and vanadium, a: P < 0.05 as compared to C, b: P < 0.05 
as compared to CV, c: P < 0.05 as compared to D; d: P < 0.05 as compared to DI; e: P < 0.05 as compared to DV.
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tory cytokines in comparison to diabetic group.

Effect of Insulin and Vanadium on Adiponectin Level in 
T2DM

Adiponectin significantly (P < 0.05) de-
creased in T2DM rats as compared to control.  Data 
obtained from DI, DV and DIV showed that adi-
ponectin increased significantly (P < 0.05) as com-
pared to D group.  The best ameliorative effect was 
in DIV group as seen from Fig. 1D.

Effect of Insulin and Vanadium on Serum Adhesion 
Molecules Levels

Fig. 2A and 2B presents significant increase 
(P < 0.05) of adhesion molecules (ICAM-1 and 
VCAM-1) as compared to control group.  DI, DV 
and DIV groups showed a significant decrease in  
ICAM-1 and VCAM-1 as compared to diabetic group.

Correlations

There is significant negative correlation between  
adiponectin and TNF-α (P < 0.0001), (r =  -0.9332),  
significant negative correlation between adiponectin  
and IL-6 (P < 0.0001), (r = -0.9115) and significant  
negative correlation between adiponectin and hs-CRP  
(P < 0.0001), (r = -0.9402) as shown in Fig. 3.

Discussion

After treatment with STZ, fasting glucose, 
HOMA-IR, TG, TC and LDL-C associated with re-
duction of HDL- C, in comparison to control (P < 
0.05), suggesting that T2DM was induced success-
fully (Table 1).  Administration of insulin and or 
vanadium modulated the metabolic dysfunction, re-
duced the pro-inflammatory cytokines and adhesion 
molecules and increased the circulating adiponectin 
in T2DM rat model.

Our data showed that administration of vana-
dium significantly reduced the fasting serum glu-
cose, insulin, TG, TC and LDL-C with significant 
increase in HDL-C in diabetic rats.  These results 
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Fig. 3.	 Negative correlation between adiponectin and TNF-α, for total numbers (n = 60).  Negative correlation between adiponectin 
and IL-6, for total numbers (n = 60).  Negative correlation between adiponectin and hs-CRP, for total numbers (n = 60).
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are in good agreement with other studies that elabo-
rated the plausible effect of vanadium treatment of 
T2DM (10, 38).  In our results, the levels of fasting 
glucose decrease in comparison to diabetic rats but 
did not come back to control level.  Insulin level 
in DV group is significantly lowered than those of 
C and CV groups and is associated with increased 
insulin sensitivity.  This is in accordance with data 
that showed that Vanadyl sulfate at maximal toler-
ated doses for 6 weeks lowers plasma insulin levels 
and enhances hepatic and muscle insulin sensitiv-
ity in T2DM (19).  The glucose-lowering effect 
of vanadium correlated well with the reduction 
in fasting glucose, but not with insulin-mediated 
glucose disposal, suggesting that liver, rather than 
muscle, is the primary target of vanadium action at 
therapeutic doses in T2DM.  Data also showed that 
administration of vanadium to diabetic rats lowered 
the required dose of vanadium by 75% (31).  Our 
results also showed that the levels of HOMA-IR 
and LDL-C of DIV groups were reversed to similar 
levels of C and CV groups, whereas the levels of 
fasting glucose, TG and TC of DIV group were still 
significantly higher than those of C and CV groups 
which raised an important issue, that further studies 
are needed to establish the effectiveness of Vanadyl 
ion in diabetes mellitus.  Current research indicated 
that administration of vanadium to STZ-induced 
diabetic rats, improved diabetic nephropathy and 
increased cardiac performance (29).

Previous research has documented that in-
creased pro-inflammatory cytokines levels in dia-
betics predict the development of atherothrombotic 
diseases.  The inflammatory state is closely related 
to IR where adipocytes; especially in the obese; se-
crete a number of pro-inflammatory cytokines (40).  
Various cytokines directly inhibit insulin signaling 
(42).  Adipocytokines act through key pro-inflam-
matory regulators such as nuclear factor-κB and the 
c-Jun NH2-terminal kinase (JNK)/activator protein 
1 (AP-1) signaling pathways (14) to modulate the 
expression of genes coding for many inflammatory 
proteins and to alter insulin signaling.  These ac-
tions have two basic consequences: first, to enhance 
and maintain the pro-inflammatory diathesis, and 
second, to decrease insulin sensitivity.

Increased levels of circulating inflammatory 
biomarkers, IL-6, TNF-α and hs-CRP, in T2DM 
group are broadly consistent with the major trends 
in previous studies (6, 35) that documented that 
pro-inflammatory adipokines and cytokines act in 
an endocrine manner to prompt IR and metabolic 
derangement (16).  Adipokines, including TNF-α, 
IL-1, resistin and lipocalin-2, possesses pro-inflam-
matory properties and exerts detrimental effects on 
cardiac and vascular functions (25).

IR is associated with decreased adiponectin 
expression (17, 32, 33) through activation of DNA 
(cytosine-5)-methyltransferase1 (DNMT1).  Acti-
vated DNMT1 selectively methylates compact chro-
matin structure in the adiponectin promoter imped-
ing its expression.  Suppressing DNMT1 activity 
with a DNMT inhibitor resulted in the amelioration 
of IR in an adiponectin-dependent manner (23).

In the present study, administration of insulin 
and or vanadium to diabetic rats increased serum 
adiponectin and ameliorated the metabolic dysfunc-
tion.  In agreement with our data, a recent study 
showed that vanadium increased adiponectin level 
in high-fat high-sucrose diet-induced hyperglycemic 
rats (26).  Lu et al. concluded that administration of 
vanadium decrease leptin, resistin and increase adi-
ponectin in induced T2DM rats (27).  Additionally, 
our results showed a significant negative correla-
tion between adiponectin and TNF-α (r = -0.9332), 
IL-6 (r = -0.9115) and hs-CRP (r = -0.9402).

The results thus obtained are compatible with 
reports that showed an inverse relationship between 
TNF-α and adiponectin (21).  TNF-α suppresses 
the expression and secretion of adiponectin from 
murine and human adipocytes in cell cultures (28).  
Also increased plasma adiponectin level is associ-
ated with decreased IL-6 (3) and hs-CRP (43).

It is well documented that the adhesion mole-
cules are related to inflammatory processes and may 
be linked to low-grade inflammation in T2DM (22).  
Our results illustrated that vanadium and or insu-
lin treatment significantly decreased the adhesion 
molecules (ICAM-1 and VCAM-1) up regulated in 
the diabetic group.  The possible mechanism of the 
decrease in the expression of adhesion molecules 
may be attributed to the modulation of the glucose 
homeostasis and increased adiponectin presented in 
our study.

Our study presents a novel view of the effect 
of vanadium on low grade inflammation associated 
with induced-T2DM rat model.  However, a similar  
role of vanadium in treatment of human diabetes is yet  
to be established.  The slow progress in this direction  
may be attributed to the gastrointestinal intolerance  
of the inorganic vanadium salts.  However, the 
availability of organic vanadium compounds with 
better tolerance may encourage more thorough as-
sessment of these compounds as potential anti-
diabetic agents for humans (37).

Conclusion

Based on our results it can be concluded that  
vanadium ameliorates the low grade systemic in-
flammation in T2DM rat model.  This may be at-
tributed to a decrease in pro-inflammatory cytok-
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ines and adhesion molecules through increasing 
adiponectin abrogated in diabetic rats.  The findings 
suggest that this approach could also be used to 
study the effect of vanadium on other diabetic com-
plications.  Therefore, further work will be done on 
the remaining issues, as part of our project and will 
be presented in future papers.
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