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Abstract: Hexokinase is an enzyme involved in the glucose metabolism pathway. Magnesium is an inherent cofactor of the 
Hexokinase enzyme. The plethora of literature suggested that hexokinase level was decreased in diabetic rats. Sodium 
metavanadate shows insulin-mimetic action. We designed this work to determine the effect of magnesium on diabetes and 
associated vascular complications in rats. Type-2 diabetes was induced by a high-fat diet and a low dose of streptozotocin.. Diabetic 
rats were divided into groups, i.e. normal, diabetic, magnesium sulfate, sodium metavanadate, a combination of glibenclamide and 
metformin, a variety of sodium metavanadate with glibenclamide and metformin, and a combination of magnesium sulfate with 
glibenclamide and metformin. Magnesium sulfate was used as a hexokinase activator. Blood glucose levels were measured before 
initiation, between, and after 4 weeks of treatment. Biochemical and tissue parameters were estimated for additional confirmation. 
A vascular study took the contractile response of hydrogen peroxide in rat thoracic aortas of different groups. Statistical 
comparisons between groups were performed by two-tailed one-way ANOVA followed by the Dunnett test. P-values <0.05 were 
considered statistically significant. Treatment with magnesium sulfate and sodium metavanadate (S.M.V.) alone and in combination 
significantly (p<0.05) modified the elevated blood glucose and various altered biochemical parameters in diabetic rats. Treatment 
showed a significant decrease (p < 0.001) n elevated contractile responses of hydrogen peroxide in thoracic aortas of diabetic rats 
Vs Normal Control). Hexokinase activation by magnesium and sodium metavanadate significantly reduced (** p < 0.01) diabetes 
as well as vascular complications.  
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1. INTRODUCTION 
 
The Global prevalence of an estimated 537 million adults living 
with diabetes, according to the latest 2019 data from the 
International Diabetes Federation. Diabetes prevalence is 
increasing rapidly. The number is expected to rise to 643 
million by 2030. 1India leads the world with the largest number 
of diabetic subjects earning the dubious distinction of being 
termed the “diabetes capital of the world”. 2Type 1 diabetes 
originates from a lack of insulin production by pancreatic b-
cells. By contrast, type 2 diabetes (90% of cases) results from 
insulin resistance. 3Glycolysis, the catabolism of glucose to 
pyruvate, is a central metabolic pathway. 4 Hexokinase 
catalyzes the conversion of glucose to glucose 6 phosphate, 
the main rate-limiting step in the path of glucose catabolism.5 
Hexokinase enzyme activity is decreased in diabetic rats. 6,5 
One report on hexokinase showed that it has a preventive 
antioxidant defense activity. 7 Emerging evidence suggests that 
this mini 'oxidative burst' is important in signal transduction. 8 
In mammalian cells, the physiological role for O2 - H2O2 and 
nitric oxide (NO).is well characterized than that of another 
reactive oxygen species. H2O2 is a vasomotor agent, causing 
vessels to constrict 9 or relax.10 Increased vascular activities of 
H2O2 may be an essential factor in the development of vascular 
disorders associated with chronic diabetes mellitus. 11 H2O2 
was known as an insulin mimetic agent and produced tyrosine 
phosphorylation in Fao cells (Rat hepatoma cells) at 3 mM 
concentration. 12 H2O2 leading to enhanced intracellular 
production of O.H.- Thus, OH- is implicated in diabetes-induced 
endothelial dysfunction. 13 The phosphatase inhibitor Vanadate 
is a compound with insulin-mimetic properties both in vitro 
and in vivo, and it has been proposed in the treatment of 
diabetes mellitus. Vanadate lowers plasma glucose levels, 
increases peripheral glucose uptake, and improves insulin 
sensitivity. 14,15 The short-term effects, such as gastrointestinal 
discomfort and decreased body weight gain, have been 
reported. 16,17 Vanadate alters Mgi homeostasis18. Magnesium 
(Mg) is the second most abundant intracellular cation in living 
cells after potassium. Therefore, mg deficiency has been 
proposed as a factor implicated in the pathogenesis of diabetes 
complications. Mg supplementation in patients with Type II 
diabetes resulted in a significant decrease in total and LDL 
cholesterol and an increase in HDL cholesterol. 19 Metformin, 
for example, raises Mg levels in the liver. Pioglitazone, a 
thiazolidinedione antidiabetic agent that increases insulin 
sensitivity, has positive actions on Mg metabolism both in vitro 
and in vivo. 20 Mg deficiency is associated with increased free 
radical-dependent oxidative tissue damage. 21 Magnesium is an 
inherent cofactor for hexokinase activity.22 Magnesium 
deficiency has been proposed as a novel factor implicated in 
the pathogenesis of late diabetic complications23. 
Hyperglycemia and Hyperinsulinemia are the hallmarks of 
type-II diabetes. This leads to the generation of oxidative 
stress, with O2-, H2O2and OH-. Overproduction of these 
R.O.S. may lead to vascular dysfunction. Hexokinase has a 
preventive antioxidant role. So, research was carried out to 
elucidate the role of hexokinase in diabetes and vascular 
complications. So, the present work was carried out to 
decipher the molecular targets which link diabetes to vascular 
dysfunctions and may become the drug target for treating 
diabetes and associated vascular dysfunctions. The main 
emphasis is whether magnesium as a hexokinase cofactor and 
vanadate has a role in vascular complication or not?  
 
 
 

2. MATERIAL & METHODS 
 
2.1 Animals 
 
Male Sprague Dawley (S.D.) rats weighing 250-300g were 
procured from the central animal facility of the institute. The 
animals were maintained in controlled temperature and 
humidity and with a standard diet and water ad libitium. The 
experiment was carried out as per the instruction provided by 
the Institutional animal ethical committee of the institute 
(CPCSEA Reg. Number 197/CPCSEA/2000).  
 
2.2 Chemicals 
 
Streptozotocin in powder form was purchased from Enzo life 
sciences, U.S.A. Hexokinase, Glucose grade III, 2 
mercaptoethanols, and cholesterol were purchased from S.D. 
Fine Chemical Ltd., India. 6-Phosphogluconate was purchased 
from Sigma chemicals company, U.S.A. while G6PD, NADP+ 
and ATP were from M.P. Biochemicals U.S.A. Sodium 
metavanadate was purchased from Central drug house (p) Ltd. 
New Delhi.  
 
2.3 Induction of Diabetes in Rats 
 
Healthy SD rats showing normal plasma glucose levels in the 
range of 80-120 mg/dl were used for the study. Animals were 
fed a high-fat diet for two weeks before Streptozotocin 
(S.T.Z.) injection. Then, a single dose of Streptozotocin 
(35mg/kg, i.p.) was administered to induce diabetes.24 Plasma 
glucose level was measured after 72 hours of Streptozotocin 
treatment. After S.T.Z. administration animals were kept for 6 
weeks for complete induction of diabetic complications. Those 
animals showing blood glucose more than or equal to 250 
mg/dl were considered as diabetic and were used for further 
studies. Diabetic animals were also fed the high-fat diet till the 
experiment's termination. Plasma glucose was measured again 
at the end of every week to confirm consistent hyperglycemia.  
 
2.4 Animal Grouping and Treatment Protocol 
 
Male SD rats were grouped into 5 groups: normal control, 
diabetic control, Glibenclamide (500 mcg/Kg, p.o.) & 
metformin (50 mg/kg, p.o.), Sodium metavanadate (5 mg/Kg), 
Magnesium sulfate (Dose) and Sodium metavanadate(Dose) 
with metformin (50 mg/kg, p.o.) and glibenclamide (500 
mcg/Kg, p.o.). The treatment was given for 4 weeks. The total 
duration of the study was 12 weeks. Blood glucose and other 
parameters were measured to confirm the complete 
development of vascular complications. At the end of 
treatment, liver hexokinase level and vascular reactivity 
studies were done.   
 
2.5 Estimation of Biochemical Parameters 
 
The blood sample (approximately 0.4 ml) was collected from 
the tail vein under light anesthesia in heparinized centrifuge 
tubes. The plasma was separated by centrifugation (5000 rpm, 
10 min at 4°C). Estimating serum glucose, total cholesterol, 
and triglyceride was performed using commercially available 
spectrophotometric kits (Nicholas India Pvt. Ltd.). The 
samples were analyzed in a semi-auto analyzer (photometer 
5010, Nicholas India Pvt. Ltd). A standard ELISA kit measured 
insulin level. Magnesium was estimated using the magnesium 
XL FS kit (DiaSys Diagnostic System GmbH, Germany). 
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2.6 Hexokinase Enzyme Activity Measurement from 
Liver  

 
Hexokinase activity in liver tissue was determined 
spectrophotometrically: The assay mixture contained 3.7 mM 
glucose, 7.5 mM MgCl2, 11 mM thioglycerol, and 45 mM 
HEPES buffer. Tissue was homogenized in ice-cold 0.1M 
phosphate-buffered saline (pH 7.4) to a concentration of 50 
mg/ml. A cuvette was added 0.9 mL of this assay mixture and 
0.03 mL of 0.22M ATP and mixed well into a 
spectrophotometer. After that, 0.1 mL of the tissue 
supernatant was added to the cuvette, and absorbance was 
noted at 340 nm. One unit of hexokinase was expressed as 
μ g/mg of tissue. 25 
 
2.7 In-Vitro and In-Vivo Vascular Reactivity Studies 
 

After 8 weeks of S.T.Z induction, the rats were sacrificed, and 
the thoracic aorta was isolated and cleaned of surrounding fat 
and connective tissues. Care was taken during the cleaning of 
the aorta. The strip of the aorta of 2-3 mm in width and 22 
mm in length was cut with a sharp iris scissor and placed in a 
10 ml organ bath containing Krebs henseleit buffer (NaCl 118 
mM, KCl 4.7 mM, KH2PO4 1.2 mM, Magnesium sulfate. 7H2O 
1.2 mM, CaCl2.2H2O 2.5 mM, NaHCO3 25mM and glucose 5.5 
mM) of pH 7.4. The solution was continuously aerated with 
5% carbogen at 37°C. A resting tension of 2 g was applied to 
the strips and allowed to equilibrate for 2 h. After 2h of 
equilibration, two equipotent responses of KCl (80 mM) were 
recorded. The increased vascular activity of H2O2may be an 
essential factor in the development of vascular disorders 
associated with chronic diabetes mellitus. 11 So, 
Concentration-response curves (C.R.C.s) (10-6 to 3×10-3M) 

of H2O2 were constructed in age matched control and in 4 
weeks post S.T.Z. Induced diabetic animals in the presence of 
different concentrations of hexokinase were preincubated for 
20 min. For in vivo study, in drug-treated groups, the C.R.C.s 
of H2O2are taken without preincubation. Concentration-
response curves (C.R.C.) of H2O2 (10-6 to 10-3 M) were 
recorded in age-matched normal and diabetic rat thoracic 
aortas. Changes in the isotonic contraction were recorded. 
The maximum vasoconstrictor response to the H2O2in normal 
control aorta was considered as 100%. In drug-treated diabetic 
rats, contractile responses of H2O2 were taken and compared 
with responses obtained from untreated diabetic rats. All of 
the experiments were carried out in normal laboratory light, 
as the H2O2 is light-sensitive. 
 
2.8 Analysis of Dose-Response Curves 
 
The maximal contraction response of H2O2 was calculated as 
a percentage response (% Tension in mg) and expressed in 
mean ± S.E.M. in age-matched control and 4 weeks post-S.T.Z. 
Induced diabetes for each experiment was plotted against log 
[M] conc. of the H2O2. % Inhibition of contraction was 
calculated for control and Diabetic in the presence of 
hexokinase and compared. 
 
3. STATISTICAL ANALYSIS 
 
Data were expressed as mean ± standard error of the mean 
(S.E.M.). The significance between two groups was determined 
using the unpaired student's t-test. Statistical comparisons 
between all groups were performed using two-tailed one-way 
ANOVA followed by the Dunnett test. P-values <0.05 were 
considered statistically significant. 

 
4. RESULTS 
 
4.1 Effect of Various Treatments On Biochemical Parameters, Magnesium and Hexokinase Activity 
 

Table 1: Effect of various drug treatments on biochemical parameters 
Biochemical 
parameters 

Normal Diabetic Magnesium 
sulfate 

Glibenclamide 
+Metformin 

Glibenclamide 
+ Metformin 
+ Magnesium 

sulfate  

S.M.V. Glibenclamide + 
Metformin 

+SMV 

Glucose 
(mg/dl) 

89.05±10.95 484.5±50.01 ### 278±25** 222.45±22.45 
*** 

158.15±15.36 
*** 

327± 29 * 176.5±14.42 *** 

Insulin 
(pmol/l) 

176.31±10.6 256.2±13.23 ## 200.9 ±17.62 
* 

188.65±16.33 
* 

197.8±17.77 * 193.64±17.39 * 160.23±18.19 ** 

Triglyceride 
(mg/dl) 

39.05±3.25 196.7±19.01 ### 130±10.15 * 98.63±12.09** 43±7.1*** 110.01±13.01** 79±9 *** 

Cholesterol 
(mg/dl) 

57.62±6.33 190.76±9.98 ### 154.23± 8.41* 141.58±6.23** 78.32±4.92*** 161.23±6.21* 150.51±5.93 ** 

Magnesium 
(mg/dl) 

1.81±0.23 0.78±0.1## 3.63±0.37 *** 1.51±0.16** 4.11±0.41*** 1.54±0.31* 2.43±0.42 ** 

Hexokinase 
(mg/gm of 

tissue) 

1.096±0.16 0.29±0.045### 0.523±0.039** 0.401±0.029* 0.8±0.069*** 0.69±0.051** 0.99±0.071 *** 

 
Comparison of various biochemical parameters in normal, diabetic and various treatment groups. Each value is represented as Mean ± S.E.M.  ## p 

< 0.01### p < 0.001 Vs. Normal Control. And *p < 0.05; ** p < 0.01; ***p < 0.001 Vs Diabetic Control. where SMV= sodium metaVanadate 

 
Table 1 compares normal, diabetic, and treated animals with 
different parameters. Result suggests that the treatment of 
diabetic rat with Conventional drug in combination with 
Magnesium sulfate and vanadate reduce blood glucose level 
and Improve the lipid profile. Data reveals that Hexokinase 

activator might be helpful for Diabetic and other lipid 
complications. The conventional drug, combined with the 
Hexokinase activator, activates an enzyme's functioning, which 
might be one of the targets to treat late complications of 
diabetes.  
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4.2 Effect of H2O2 On Normal and Diabetic Rat Thoracic Aorta 
 
4.2.1 Effect of Hexokinase On H2O2 Induced Contraction in Normal Control and Diabetic Rat Thoracic Aorta 
 

 
 

Effect of H2O2 on endothelium intact aortic spiral preparations obtained from untreated age-matched normal rats(A), high-fat diet, and a low dose 
of S.T.Z. induced diabetic rats(B) in the presence of a varying concentration of hexokinase 0.001 IU/ml (▲), 0.01 IU/ml (▼), 0.1 IU/ml (♦ ) Each 

point is represented as mean ± S.E.M. n = 4-6. For unpaired t-test *p < 0.05; ** p < 0.01; ***p < 0.001 Vs Diabetic Control. 

 
Fig 1: Cumulative concentration-response curves (C.R.C.s) 

 
4.2.2 Maximal Response (Emax) And Pd2 Values of H2O2 On Spiral Aortic Preparation of Untreated Age Matched and 

HFF-STZ Diabetic Control Rat in the presence of Various Concentrations Hexokinase (In-Vitro). 
 

Table 2: Comparison of pD2 values and %Emax 
Groups Non-Diabetic Diabetic 

pD2 value % Emax (mg) pD2 value % Emax (mg) 

Without incubation  3.825±0.19 101.30±6.42% 4.635±0.37 195.33±11.69%  

0.001 IU/ ml 4.046±0.22 78.361±8.12% 4.304±0.15 180.13±10.23%  

0.01 IU/ ml 3.781±0.137 35.88±4.95% ### 4.073±0.13 88.07±9.15% *** 

0.1 IU/ ml 3.755±0.334 14.88±1.96% ### 3.35±0.33 * 63.41±5.78% *** 

 
Data shows the comparison of pD2

 values and %Emax of H2O2 in normal rat thoracic aorta and diabetic rat thoracic aorta with or without 
incubation of different concentrations of hexokinase, For unpaired t-test ### p < 0.001 Vs. Normal Control. And *p < 0.05; ** 

p < 0.01; ***p < 0.001 Vs Diabetic Control. 

 
In the present study, H2O2 induced contraction, % Emax and 
pD2 value were higher in diabetic rat thoracic aorta. This 
indicates an increase in the release of H2O2 in diabetic rat 
aorta, which may be responsible for vascular complications 11, 

42. Based on the pD2 value and Emax result, it was concluded 
that an increase in the release of H2O2 in diabetic rats might 
be due to a decrease in Hexokinase activity.

 
4.2.3 Effect of Drug Treatment on H2O2-Induced Contraction (In-Vivo) 
 

Table 3: pD2 values and % Emax of H2O2 induced contraction in different treatment groups 
Animal Group pD2 value % Emax 

Normal 3.825±0.19 101.30±6.42% 

Diabetic 4.635±0.204 # 195.33±11.69% ### 

Magnesium sulfate 4.25±0.25 * 127.56±10.01% ** 

Glibenclamide and Metformin 3.98±0.165 * 88.380±7.09% *** 

M + G + MgSO4 3.08±0.086 ***   50.78±3.66% ***   

Sodium metaVanadate 4.91±0.186 118.57±9.56% *** 

M + G + SMV 3.20±0.11 ***  57.31±3.05% **  
 

Comparison of pD2 values and % Emax of H2O2 in normal, diabetic rat thoracic aorta and various treatment groups. Each value is represented as 
Mean ± S.E.M.   # p < 0.05, ### p < 0.001 Vs. Normal Control. *p < 0.05; ** p < 0.01; ***p < 0.001 Vs Diabetic Control. 

 

In-vivo administration of hexokinase activator magnesium 
sulfate and vanadate for four weeks showed a significant 
decrease in % Emax of H2O2. In addition, a combination of 
magnesium with Metformin and Glibenclamide significantly 

reduced the % Emax and pD2 value of H2O2 compared to the 
diabetic control group. These results show that the 
hexokinase activator prevents free radical-induced vascular 
complications caused by diabetes 43.
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On endothelium intact, aortic spiral preparations were obtained from a high-fat diet and a low dose of S.T.Z. induced diabetic rats (■ ) and 4 weeks 
treated diabetic rats with M (50 mg/Kg) + G (500 mg/Kg) (▲), MgSO4 (50mg/Kg) (▼), M+G+MgSO4(♦ ), S.M.V. (5 mg/Kg) (● ), M +G + S.M.V. (□) 
treated animals. Each point is represented as mean ± S.E.M. n = 4-6. For unpaired t-test *p < 0.05; ** p < 0.01; ***p < 0.001 Vs Diabetic Control. 

 
Fig 2: Cumulative concentration-response curves (C.R.C.s) to H2O2  

 

5. DISCUSSION  
 
According to the Diabetes Atlas 2014 published by the 
International Diabetes Federation, currently, the number of 
people with diabetes 387 million in the world and 75 million 
people in South-East Asia is expected to rise to 123 million by 
2035 unless urgent preventive steps are taken.2 The prime 
objective of this research project was to postulate the crucial 
molecular events linking hyperglycemia and vascular 
dysfunction associated with type II diabetes, with the main 
emphasis on hydrogen peroxide and hexokinase. The present 
study aimed to determine the hexokinase activity in type II 
diabetes and to check whether hexokinase impairs the H2O2-
induced vascular dysfunction in diabetes.To prove a 
hypothesis, hexokinase activity in the liver of age-matched 
normal control and diabetic rats were measured. To 
determine the relation between hexokinase and H2O2, the 
C.R.C.s of H2O2 were constructed in aortic spiral preparations 
obtained from normal age-matched control and 10th weeks 
post high fat fed S.T.Z. diabetic rats. The present study 
expanded from in vitro vascular responses to in vivo study of a 
4-week treatment of hexokinase activator MgSO4 & Sodium 
metavanadate in combination with currently available 
antidiabetic therapy. Vascular responses of H2O2 in treated rat 
aortas were taken to check in-vitro in-vivo correlation and 
calculated the pD2 values and % Emax. According to a 
previous study, magnesium improves glucose metabolism and 
improved insulin resistance.26 Vanadate-like compounds have 
a potential role as adjunctive therapy in patients with IDDM 
and NIDDM diabetes mellitus.27 In the present study, 
treatment of MgSO4 (p<0.01) and sodium metavanadate 
(p<0.05) alone showed a significantly decreased in blood 
glucose level, which reveals the hypoglycemic effect of the 
hexokinase activator. The hexokinase activator's hypoglycemic 
effect is less significant compared to metformin + 
glibenclamide treatment. Still, it showed a synergistic effect on 
decreased blood glucose levels when given in combination 
with metformin + glibenclamide. All these results proved the 
role of hexokinase in regulating blood glucose levels in diabetic 
rats (Table 1) 28, 29. In the present study, treatment of MgSO4 
(p<0.05) and sodium metavanadate (p<0.001) alone showed a 
significant decrease in triglyceride level, which reveals the 
antihyperlipidemic effect of the hexokinase activator. While 
total cholesterol level is significantly decreased in MgSO4 

(p<0.05) and sodium metavanadate (p<0.01) treated animals. 
The antihyperlipidemic effect of hexokinase activator is less 
significant compared to Metformin + Glibenclamide treatment, 
but it showed a synergistic effect on decreased triglyceride and 
plasma cholesterol levels when given in combination with 
metformin + glibenclamide, which will comply with result 
proved by researcher G. Subrahmanyam (Table 1) 30. From the 
glucose and lipid profile results, it can be stated that treatment 
of hexokinase activator with available hypoglycemic drugs may 
be beneficial in managing diabetic conditions. Magnesium 
sulfate orally is used as a laxative, while intravenous 
administration is helpful for hypomagnesemia, arrhythmia, and 
eclampsia. A concentration of 1.8 to 3.0 mmol/L has been 
suggested for treating eclamptic convulsions. 31 Diabetic rats 
showed a significant increase in blood glucose, Insulin, 
Triglyceride, and cholesterol. Treatment with magnesium 
sulfate and sodium metavanadate showed a significant 
reduction in all biochemical parameters, indicating it has the 
potential to be used as an antidiabetic agent.26, 27 In 
combination with glibenclamide and metformin, it showed a 
higher effect, so we may conclude that it can be utilized in 
combination with currently utilized allopathy antidiabetic 
drugs. The relative synthesis rate of hexokinase II is 
approximately 1.9 times higher in the normal than in the 
diabetic rats. 32 The administration of insulin to the diabetic 
animal increases the rate of hexokinase synthesis to 
approximately normal levels. Hypomagnesaemia may have a 
negative impact on glucose homeostasis and insulin sensitivity 
in type II diabetes mellitus patients.33 Further, Mg deficiency 
has been proposed as a novel factor implicated in the 
pathogenesis of late diabetic complications 4 having 25% to 
39% prevalence. 34 Sodium metavanadate, a hexokinase 
activator, has an insulin-mimetic effect18. Present data show 
the efficacy of drug combination on hexokinase for restoration 
of the normal functioning of the liver. Treatment with S.M.V. 
significantly increased Mg (p<0.01) and hexokinase (p<0.001) 
as compared to Diabetic, but from these results, it can be 
observed that S.M.V. have a direct effect on hexokinase along 
with the effect on magnesium. A previous study had proven 
the role of vanadate and magnesium in hypoglycemia and 
hypolipidemic activity35. The results of this work confirmed 
that the hexokinase activator improves diabetic and 
microvascular complications. The hexokinase activity in the 
liver (p < 0.001) and magnesium level (p < 0.01) in blood were 
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significantly reduced in diabetic rats, while the treatment with 
magnesium sulfate significantly increased the hexokinase 
activity (** p < 0.01) and magnesium (***p < 0.001) level. And 
the treatment with sodium metavanadate significantly 
increased the hexokinase activity ** p < 0.01) and magnesium 
(*p < 0.05) levels, which indicates that magnesium is required 
for hexokinase activity which strengthens the proven report 
of hexokinase (Table 1)36. Evidence shows that excessive 
R.O.S. formation in diabetes leads to vascular complications. 
37 As far as the H2O2 mediated contraction in pathological 
conditions was concerned, very few reports available, like the 
mediator of H2O2 induced contraction in S.H.R. was PLA2-
COX-TXA2 pathway. 38,39 But information on the mediators 
of H2O2-induced contraction was still lacking in the aorta of 
diabetic rats. One report indicates higher contraction 
produced by H2O2 in the aorta of S.T.Z. induced diabetic rats. 
The increased vascular activity of H2O2 may be an important 
factor in developing vascular disorders associated with chronic 
diabetes mellitus. 25, 40 One relation between the hexokinase 
activity and H2O2 is that the Activation of mitochondrial-HK 
activity abolished the rate of H2O2 generation in Potato tuber 
mitochondria41. The role of hexokinase in R.O.S. stability in 
brain mitochondria was discussed in a previous study. 43 These 
results suggest that over-expression of hexokinase inhibits 
H2O2 release, which is involved in signaling pathways 
responsible for vascular dysfunction in HFF-STZ diabetic rats 
(Table 2 and Figure 1). However, this was the first study to 
prove the relation between free radical hydrogen peroxide 
and glycogen metabolizing enzyme hexokinase in isolated rat 
aorta. This study might prove that the hexokinase activator 
improves microvascular endothelial dysfunction, which might 
be one of the factors for late diabetic complications. So, data 
from the presented study suggests that increased hexokinase 
activity inhibits H2O2 release in High-fat diets and low doses of 
S.T.Z. diabetic rats. These all together reveal that hexokinase 

might be a novel therapeutic target for treating diabetes and 
its associated vascular complications (Table 3 and Figure 2). 
 
6. CONCLUSION 
 
Hexokinase activity is reduced in diabetic rats, which may be 
responsible for the increase in vascular responses of H2O2. 
Treatment with a Hexokinase activator reduces the diabetic 
state and lowers the effect of H2O2 on the vasculature of 
Diabetic rats. So, these agents might be useful as adjuvant 
therapy with conventional therapy because both are less 
productive at individual states compared to the combination.  
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