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Abstract: Forty-two adult male albino rats Sprague –Dawley strain were classified into normal control group and
five diabetic rat groups which were control (+ve), drug, zinc , vanadium and zinc with vanadium. The diabetic
control (+ve) group showed a significant increase in the values of glucose ,glucosalated hemoglobin ,serum alanine
and aspartate amino transferase (ALT & AST), alkaline phosphatase (Alk-phos) enzymes, creatinine , urea
,cholesterol, triglyceride (TG), LDL-c, VLDL-c level , cholesterol/ HDL-c ,liver cholesterol, liver total lipid and
liver malondialdehyde (MDA) but a significant decrease in final weight, weight gain, FER, insulin, hemoglobin
(HB) , packed cell volume ,HDL-c ,liver glycogen, liver glutathione peroxidase (GPX)compared to normal control
group. The diabetic rat groups which treated with drug, zinc, vanadium and zinc with vanadium showed a significant
decrease in the values of serum glucose , glucosalated hemoglobin, ALT ,AST ,urea, serum cholesterol, triglyceride
(TG), LDL-c, VLDL-c level , cholesterol/ HDL-c ,liver cholesterol, liver total lipid and liver malondialdehyde
(MDA) but a significant increase in the values of final weight, weight gain percent , FER ,insulin ,packed cell
volume (PCV) ,HDL-c ,liver glycogen and glutathione peroxidase (GPX) compared to control (+ve) group.
[Nabila, M. Rashwan and Farida Abdullah Al-Firdous. Insulin-mimetic activity of vanadium and zinc in diabetic
experimental
rats.
Journal
of
American
Science
2011;7(1):407-416].
(ISSN:
1545-1003).
http://www.americanscience.org.
Keywords: vanadium, zinc, diabetes & rat
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(Tracey and Crans ,1998). Vanadium influences the
behavior of enzymes, regulates the activities of
second messengers, signal transduction cascades and
carbohydrate metabolism, mimics insulin and growth
factor activities, stimulates protein tyrosine kinase
and inhibits phosphotyrosine phosphatases and
modulates gene expression (Srivastava and Mehdi,
2005 and Antonio et al., 2009).
Zinc with atomic number 30, atomic weight
65.39 and oxidation state II is an essential element in
all living systems and plays a structural role in many
proteins and enzymes. Many proteins have been
found to have a zinc-containing motif that serves to
bind DNA embedded in their structure (Wolfgang
and Harold 2006). Zinc is essential for growth and
development. At the cellular level, it is critically
involved in proliferation, differentiation, and
apoptosis. Zinc requires in immunity, intermediary
metabolism, DNA metabolism and repair,
reproduction, vision, taste, and cognition/behavior.
Zinc was found to have important physiological and
pharmaceutical functions involving insulin-mimetic
activity (Song et al., 2001 and Yutaka et al., 2004).
The purpose of this study was to investigate
the effect of vanadium and zinc or both on diabetic
rats.

1. Introduction
Diabetes mellitus is one of the most
widespread diseases in the world and classified as
either type 1 insulin-dependent which can be
controlled only by daily injections of insulin or type 2
non-insulin dependent which treated by several types
of synthetic therapeutics. Diabetes significantly
increases risk of developing multiple micro-vascular
and cardiovascular complications. The cardiovascular
events associated with type 2 diabetes and the high
incidence of other macro-vascular complications,
such as stroke and amputation (Huang et al.,
2007).Diabetes mellitus needs safe and efficient
treatment. Because of the failure and secondary
effects of promising treatments, many people resort
to using alternative therapies for illnesses (Ryan et
al., 2001).
Historically, vanadium was used to treat
diabetes mellitus dates backed to 1899, before the
discovery of insulin in 1921and since then numerous
studies have described the in vivo and in vitro antidiabetic effects of vanadium salts and compounds
(Mukherjee et al .,2004). Vanadium with atomic
number 23, atomic weight 50.9415 and oxidation
states from III to V has a wide variety of biochemical
and physiological functions. Among them, an insulinmimetic antidiabetic effect is the most striking, the
effect being provided by the oxidation states of
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experiment. The diabetic rats were classified into
control (+ve) and treated four groups that were drug,
zinc, vanadium and zinc with vanadium.
The food intake was calculated daily and the
body weight gain was recorded weekly. Feed
efficiency ratio (FER) was determined by Chapman
et al., (1950) as following: FER = weight gain (g)/
feed intake (g).

2- Materials and methods
A – Materials:
1-Chemicals and drugs
Streptozotocin was procured from Sigma,
St. Louis, MO, USA. Octozinic capsules produced by
October pharma S.A.E and contain 110 zinic sulphate
heptahydrate. The therapeutic human dose was 220
mg daily.Vanadyl sulfate-3-hydrate was obtained
from Hanawa Extra Pure Reagent China. The human
insulin mimics dose of vanadium for treatment of
diabetes mellitus was 100 mg daily (Boden et al.,
1996). Amaryl drug is antidiabetic drug, produced by
Saofi –Avents Egypt under licence of Saofi –Avents
Germany. It is antidiabetic sulfonylurea. Each tablet
contains 2mg glimepiride. The human therapeutic
dose is 4 mg daily. The human therapeutic dose of
zinc sulphate heptahydrate , vanadyl sulfate-3hydrate and amaryl drug were converted to rat dose
according to Paget and Barnes, (1964) that were 20 ,
9 and o.36 mg/Kg body weight, respectively and
dissolved in distilled water and given to rats by oral
intubations. Biochemical kits were purchased from
Alkan Co. for Chemicals and Biodignostics , Dokki
,Egypt.

2-Collection of blood, liver samples and Pancreas:
At the end of experiment (ten weeks), rats
were anesthetized, blood sample were collected from
hepatic portal vein in clean centrifuge tubes. The
liver of sacrificing rats was removed by careful
dissection, blotted frees of adhering blood, washed
with cold saline solution, and dried between two filter
papers. Livers perfuse with 50 to 100 of ice cold
0.9%NaCL solution. Pancreas was dissected out and
immediately washed in ice-cold saline and fixed in
10% neutral buffered formaldehyde solution at pH
7.5, cleared in xylol, and embedded in paraffin. 4-5
µm thick section were prepared and stained with
Hematoxylin and Eosin (H&E) for subsequent
histopathological examination according to (Bancroft
et al., 1996).

2-Experimental animals:
A total of forty-two Sprague –Dawley adult
male rats were purchased from the National Research
Center, Giza, Egypt. The average weight was 130±8
g.

3- Blood analysis:
First part of blood samples was heparenized
for estimation of hemoglobin and packed cell volume
(PCV) (Drabkin, 1949 and Mc Inory 1954). Second
part of blood was collected in tubes containing
potassium oxalate and sodium fluoride for the
estimation of glucose by O-toluidine method (Sasaki
et al., 1972).Third part of blood was left to coagulate
then centrifuged at 3000 rpm for 15 minutes to obtain
serum. Serum insulin and glucosalated heamoglobin
(Hb A1c %) were estimated according to Wilson and
Miles (1977) and Abraham et al., (1978).Serum
alanine and aspartate aminotransferase (ALT&AST),
and alkaline (AP) activity enzymes were estimated
according to Reitman and Frankel (1957) and Kind
and King (1954), respectively. In addition, creatinine
and urea were estimated according to Bonsens and
Taussky, (1984), and Patton and Crouch, (1977),
respectively.
Serum cholesterol, triglycerides, high density
lipoprotein cholesterol, low and very low density
lipoprotein cholesterol were determined according to
Trinder and Ann (1969), Young and Pestaner, D.L.
(1975) ,Richmond (1973) , Fruchart, (1982) and
Friedwald, et al.,(1972),respectively. Atherogenic
index (cholesterol /HDL-c) was calculated according
to Castelli and levitar, (1977).

3- The standard diet:
The standard diet was performed according
to NRC (1995) which comprised of casein (200g/kg),
corn starch (497g/kg), sucrose (100g/kg), cellulose
(30 g/kg), corn oil (50g/kg), mineral mixture
(100g/kg), vitamin mixture (20g/kg) and DLmethionine (3g/kg).
B- Methods
1-Experimental design:
Rats were housed in wire cages under
the normal laboratory conditions and fed on basal
diet for a week as adaptation period. Food and water
were provided ad-libitum. The rats were randomly
classified into six groups (7 rats each). The first
group kept as normal control fed basal diet only. The
other five groups were injected with a single
intraperitoneal dose of streptozotocin (55 mg/kg body
weight) in 0.1 M citrate buffer of pH 4.5 then
supplied with 5% glucose solution for 48 h after
injection in order to prevent hypoglycemia (Peschke
et al .,2000). After four days, blood samples were
taken from orbital plexus for estimation of glucose.
The rats having persistent hyperglycemia were
considered as diabetic rats and used for the
editor@americanscience.org
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Livers samples were analyzed for estimation
of glycogen, cholesterol and total lipids according to
Rerup and Lundquist, (1967), Abell et al., (1952),
and Folch et al., (1957), respectively. Liver
glutathione peroxidase (GPX) and malondialdehyde
(MDA) were estimated according to Weiss et al.,
(1980) and Draper and Hadley,(1990), respectively.
8-Statisticl analysis:
Collected data were presented as mean ±SD
and statistically analyzed using one way analysis of
variance (ANOVA).Student "t" test was used for
significance according to Artimage and Berry (1987).

treated with drug, zinc, vanadium and zinc with
vanadium showed a significant increase in the values
of glucose (p< 0.05& 0.01) and a significant decrease
insulin at p< 0.05compared to normal control group
while showed a significant decrease in the values of
both glucose and glucosalated hemoglobin and a
significant increase in the values of insulin and
packed cell volume (PCV) compared to control (+ve)
group as shown in table (2).
A beneficial effect of vanadyl sulfate at a
dose of 100 mg/day for three weeks appeared in
improving insulin sensitivity. Measurement of fasting
plasma glucose and insulin-mediated glucose
disposal during pre- and post-treatment periods
showed a beneficial effect of vanadyl sulfate on
improving both hepatic and peripheral insulin
sensitivity (Cohen et al., 1995). The reductions in
fasting blood glucose and hemoglobin A1c (HbA1c),
and improved responses to oral glucose tolerance
testing, in vanadium treatment of type 2 diabetes
compared to exacerbated diabetic symptoms in the
two placebo controls (Thompson et al., 2009).
Vanadium increase insulin sensitivity due to inhibit
protein tyrosine phosphatase, reduce gluconeogenesis
and increase glycogen deposition (Sakurai et al.,
2006). The elevation in the glucose levels of STZ-rats
treated with Vanadyl complex was significantly
lower than those of the control, indicating that
vanadyl complex improved the diabetic state of
animals. Similarly, zinc (II) complex substantially
lowered the blood glucose levels in mice (Akira et
al., 2009). The effects of Zn (II) ion on both glucose
oxidation and lipolysis stimulation are inhibited by
extracellular catalase, largely resulting from H2O2
generation. Zn (II) ion increase of specific insulin
binding and stimulates both lipogenesis and glucose
transport in the adipocytes. Zn (II) ion was indicated
to relate to the carbohydrate metabolism through
insulin or insulin receptor (Wolfgang and Harold
2006). Zn2+ is an essential element for normal
exocrine and endocrine function of the pancreas.
Serum glucose concentration is another parameter
associated with liver and pancreatic function.
Elevated glucose levels in serum can be associated
with a decreased pancreatic endocrine function.
Additionally, since glucose is regulated by the liver,
elevated serum glucose concentration may also be
related to exposure to hepatotoxins (Fugono et al .,
2002 and Liu et al., 2009).

3. Results and Discussion
The diabetic control (+ve) group showed a
significant decrease in final weight, weight gain and
FER at p< 0.01 compared to normal control group.
The diabetic rat groups which treated with drug, zinc,
vanadium and zinc with vanadium showed the values
of final weight, weight gain percent, food intake and
FER around the values of normal control group. The
values of final weight, weight gain percent and FER
were increased in all treated groups compared to
control (+ve) group as shown in table (1).
Nutritionally, vanadium is thought to be a
cofactor in various enzymatic reactions. Data from
animal and human studies suggest that vanadium
mimics the action of insulin.2 .Consequently; it may
serve a beneficial role in promoting healthy glucose
metabolism in individuals with diabetes. Vanadium
deficiency in animals manifests as diminished
growth, reproductive impairment, and disruptions of
metabolic and cellular function in the kidney, heart
and brain. Vanadium has been included in the list of
40 essential micronutrients that are required in small
quantities for normal metabolism as well as proper
growth and development of mammals (French and
Jones, 1993 and Verma et al., 1998). On the other
hand, Zn (II) ion, an essential trace element with
relatively low toxic profile in animals and humans
and has been proven to have a pronounced
insulinomimetic activity. Zinc occurs in hundreds of
enzymes and in thousands of protein domains. Zinc is
essential for growth and development. At the cellular
level, it is critically involved in proliferation,
differentiation, and apoptosis (Wolfgang and Harold
2006).
The diabetic control (+ve) group showed a
significant increase in the values of glucose and
glucosalated
hemoglobin
at
p<
0.001&
0.01,respectively and a significant decrease insulin,
hemoglobin (HB) and packed cell volume (PCV) at
p< 0.001,0.05& 0.01,respectively compared to
normal control group. The diabetic rat groups which
editor@americanscience.org

The diabetic control (+ve) group showed a
significant increase in the values of serum alanine
and aspartate amino transferase (ALT & AST),
alkaline phophatase (Alk-phos) enzymes, creatinine
and urea at p< 0.001 compared to normal control
group. The diabetic rat groups which treated with
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drug, zinc and vanadium showed a significant
increase in the values of serum amino transferase
(ALT & AST), alkaline phophatase (Alk-phos)
enzymes, creatinine and urea at p< 0.05 & 0.01 while
the diabetic rat group which treated with zinc with
vanadium showed a significant increase in the above
mentioned parameters except the value of AST
compared to normal control group. The diabetic rat
groups which treated with drug showed a significant
decrease in the values of serum ALT , AST and urea
while the diabetic rat group which treated with zinc
showed a significant decrease in the values of serum
ALT , AST, alkaline phophatase enzymes and urea
compared to control (+ve) group. The diabetic rat
groups which treated with vanadium or zinc with
vanadium showed a significant decrease in the above
mentioned parameters compared to control (+ve)
group as shown in table (3).

The diabetic rat groups which treated with
drug, zinc, vanadium and zinc with vanadium showed
a significant decrease in the values of cholesterol,
triglyceride (TG), LDL-c, VLDL-c level and
cholesterol/ HDL-c but a significant increase in
HDL-c compared to control (+ve) group as shown in
table (4).
Vanadium acts by improving the sensitivity
of insulin in type 1 and type 2 diabetes. It has also
been shown to reduce cholesterol levels and blood
pressure (Beliaeva et al, 2000). Adipocytes play a
crucial role in energy storage and homeostasis by
converting free fatty acids into triglycerides and by
producing a variety of adipokines, and therefore
provide a very useful model for addressing questions
related to insulin signaling and the interface between
sugar and fat metabolism (Andre et al ., 2006). Zn2+
supplementation at high levels increases serum Zn2+
concentration, serum LDL-c, HDL-c, serum total
cholesterol and serum triglycerides. Therefore, ZnCl2
supplementation might be beneficial in obesity
situation (Roozbeh et al., 2009).

Vanadium possesses a regulatory role in the
biological system, influences a number of enzymes,
regulates the functions of several second messengers
and modulates a battery of genes. The discovery of
several pharmacological properties, such as the
insulin-mimetic
action,
antihyperlipidemia,
antihypertension, antiobesity, enhancement of
oxygen affinity of hemoglobin and myoglobin, and
diuretic action, opens up a number of therapeutic
avenues of this trace element (Mukherjee et al .,2004
Abd El-Ghanny 2007). ZnCl2 supplementation was
reported to increase liver enzyme levels. Serum
creatinine is a marker of liver and kidney function.
The creatinine precursor, creatine phosphate is
biosynthesized in the liver and its muscle byproduct;
creatinine is maintained by the kidney. Zinc stabilizes
membranes structures and cellular components, is
involved in the synthesis of growth hormone, alkaline
phosphatase and collagen (Johnson et al., 2010).

The diabetic control (+ve) group showed a
significant increase in the values of liver cholesterol,
total lipid and malondialdehyde (MDA) at p< 0.001
but a significant decrease in the values of liver
glycogen and liver glutathione peroxidase (GPX)
compared to normal control group. The diabetic rat
groups which treated with drug and zinc showed a
significant increase in the values of liver total lipid
and malondialdehyde (MDA) at p<0.05& 0.001,
respectively while the diabetic rat groups which
treated with vanadium and zinc with vanadium
showed a significant increase in the value of liver
malondialdehyde (MDA) at p<0.01 compared to
normal control group.
The diabetic rat groups which treated with
drug, zinc, vanadium and zinc with vanadium showed
a significant increase in the values of liver glycogen
and glutathione peroxidase (GPX) but a significant
decrease in the values of liver cholesterol, liver total
lipid and malondialdehyde (MDA) compared to
control (+ve) group as shown in table (5).

The diabetic control (+ve) group showed a
significant increase in the values of cholesterol,
triglyceride (TG), LDL-c, VLDL-c level and
cholesterol/ HDL-c at p< 0.001 but a significant
decrease in HDL-c at p<0.001 compared to normal
control group. The diabetic rat group which treated
with drug showed a significant increase in the values
of triglyceride (TG), LDL-c and VLDL-c level at p<
0.05 & 0.01 but a significant decrease in HDL-c at
p<0.05 compared to normal control group. The
diabetic rat groups which treated with zinc and
vanadium showed a significant decrease in HDL-c at
p<0.05 but a significant increase in serum LDL-c and
VLDL-c at p< 0.01 &0.05, respectively while the
diabetic rat group which treated with zinc with
vanadium showed a significant increase in serum
LDL-c and VLDL-c at p< 0.01 &0.05, respectively
compared to normal control group.
editor@americanscience.org

Vanadium has insulin-like effects and is
currently being considered for oral therapy. It also
reduces gluconeogenesis and increases glycogen
deposition. Vanadium salts induced sustained falls in
blood glucose in diabetic rodents (Ray et al. 2004).
vanadium inhibits hepatic lipid peroxidation and
superoxide dismutase (SOD) and elevation of
glutathione (GSH) status as well as cytochrome P450
(CYP) and glutathione S-transferase (GST),
indicating modulation of the hepatic antioxidant as
well as phase I and II xenobiotic metabolizing
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enzymes (Chakraborty et al., 2007 and Anupam et
al., 2010 ). Zn2+ is a major requirement for all life
forms and promotes physiological and biochemical
functions. Biochemically, Zn2+ is very important in
many cellular and biochemical functions such as
acting as a cofactor and serving as an integral
constituent of many antioxidant enzymes such as
superoxide dismutase1and3and several other
metalloenzymes (Yutaka et al .,2004 and Franklin et
al., 2005). Zinc is an essential component of a great
number of zinc dependent enzymes, which participate
in antioxidant processes and in the synthesis and
degradation of carbohydrates, lipids, proteins and
nucleic acids (Koury and Donangelo, 2003).
The histopathological examination showed
that control (-ve) rat group showed normal islets
with clusters of purple stained β-cells with a normal
architecture of pancreas (Pict 1) while the section of
control (+ve) rat showed atrophy of β-cells and
vacuolar degenerative changes in islets (Pict 2). The
diabetic rat group which treated with drug showed
normal histological structure (Pict 3). Diabetic rat
group which treated with vanadium showed β-cell

degeneration (Pict 4) while diabetic rat group which
treated with zinc showed reduction in β-cell numbers
with increase in islets(Pict 5).The diabetic rat group
which treated with zinc with vanadium showed less
marked cellular degeneration of pancreatic β-cell(Pict
6).
The obtained results were in parallel with
the histopathological examination of the pancreas.
Streptozotocin molecules might increase the
production of oxygen free radicals that play a crucial
role in determining tissue injury as exert direct or
indirect effects on islet endothelium and mediate
fragmentation of nuclear DNA in beta cells leading to
histological changes as well as functional
abnormalities (Kakkar et al., 1998). Vanadium can
partially preserve β-cells and increase in the number
of surviving β-cells through amelioration of
hyperglycemia but cannot completely prevent β-cells
cytotoxicity from streptozotocin. (Ramachandran et
al., 2003)

Table (1): Mean values ± SD of body weight gain, food intake and feed efficiency ratio (FER) of the
experimental rat groups.
Variables

Final
Weight
(g)

Weight
Gain
(g)

Food
Intake
(g/d)

FER

Groups

Initial
Weight
(g)

Control
(-ve)

130.56 ±
3.55a

210.71±
5.14 a

61.36±
3.22 a

18.32±
1.14 a

0.072±
0.002 a

Control
(+ve)

132.17±
3.45 a

168.32±
4.13 b**

27.35±
2.17 b**

16.88±
1.20 a

0.035±
0.001 b**

Drug

135.31±
3.71 a

211.15±
5.61 a

56.04±
2.69 a

18.41±
1.35 a

0.068±
0.003 a

Zinc

131.45±
3.25 a
133.65±
2.99 a

199.89±
4.98 a
205.11±
5.47 a

52.06±
2.61 a
53.46±
2.68 a

17.55±
1.12 a
17.90±
1.31 a

0.064±
0.001 a
0.066±
0.004 a

134.40±
2.49 a

213.61±
5.66 a

58.93±
3.11 a

18.35±
1.11 a

0.071±
0.003 a

Vanadium
Zinc +
Vanadium

Significant with control (-ve) group * P<0.05 ** P<0.01 *** P<0.001
Mean values in each column having different superscript (a, b, c) denote significant difference.
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Table (2): Mean values ± SD of glucose, insuline, hemoglobin (HB), packed cell volume (PCV) and
glucosalated hemoglobin HbAIC of the experimental rat groups.
Variables
Groups
Control
(-ve)
Control
(+ve)
Drug
Zinc
Vanadium
Zinc +
Vanadium

Glucose
(mg/dl)

Insulin
(µ/l)

HB
(g/dl)

PCV
%

HbAIC
%

90.78±
4.31 d
210.77±
6.22 a***
115.33±
5.17 c*
129.41±
6.01 b**
130.71±
5.10 b**
118.35±
5.01 c*

19.70±
1.51 a
7.88±
1.11 c***
16.01±
1.25 b*
15.91±
1.25 b*
15.41±
1.19 b*
16.36±
0.99 b*

12.30±
2.11 a
9.11±
1.82 bc*
10.88±
1.22 ac
11.11±
1.03 a
10.78±
1.12 a
11.81±
1.06 ac

35.18±
29.71 a
29.71±
2.14 b**
33.25±
2.99 a
34.11±
3.15
33.20±
3.11 a
34.51±
2.87 a

4.85±
0.58 b
7.11±
0.66 a**
5.99±
0.85 b
5.44±
0.90 b
5.60±
1.01 b
5.01±
0.68 b

Significant with control (-ve) group * P<0.05 ** P<0.01 *** P<0.001
Mean values in each column having different superscript (a, b, c) denote significant difference.
Table (3) The Mean values ± SD of serum amino transferase (ALT & AST), alkaline phophatase enzymes
(Alk-phos), creatinine and urea of control and diabetic treated rat groups
Variables
Groups
Control
(-ve)
Control
(+ve)
Drug
Zinc
Vanadium
Zinc +
Vanadium

ALT
(µ /ml))

AST
(µ /ml)

Alk- phos
(g/dl)

Creatinine
(mg/dl)

Urea
(mg/dl)

17.15±
1.66c
39.62±
3.45 a***
30.21±
3.21 b**
25.32±
2.63 b*
27.11±
3.61 b*
23.14±
3.11 b*

35.76±
3.11c
59.20±
6.01 a***
48.18±
5.11 b**
40.17±
5.16 b**
43.51±
5.14 b**
38.26±
4.11 bc

30.80±
2.69c
50.61±
5.16 a***
45.01±
5.31 ab**
41.29±
4.91 b**
42.60±
4.80 ab**
37.77±
3.67 b*

0.30±
0.001c
1.33±
0.03 a***
1.01±
0.05 ab**
0.99±
0.4 ab**
0.95±
0.05 b**
0.65±
0.01 b*

33.87±
3.50c
60.14±
1.16 a***
49.15±
6.11 b**
47.13±
5.31 b**
48.22±
5.08 b**
45.11±
4.86 b**

Significant with control (-ve) group * P<0.05 ** P<0.01 *** P<0.001
Mean values in each column having different superscript (a, b, c) denote significant difference.

Table (4) The Mean values ± SD of serum lipid patterns of control and treated rat groups
Variables
Groups
Control
(-ve)
Control
(+ve)
Drug
Zinc
Vanadium
Zinc +
Vanadium

cholesterol
(mg/dl)

TG
(mg/dl)

HDLc
(mg/dl))

LDLc
(mg/dl)

VLDLc
(mg/dl)

Cholesterol
/HDLc

91.81±
5.14 b
178.33±
11.34 a***
111.41±
10.22 b
105.18±
9.17 b
10.23±
10.41 b
104.71±
9.99 b

43.35±
4.71 c
70.81±
8.11 a***
53.50±
5.61 b*
49.14±
5.55 bc
51.26±
5.61 bc
48.33±
4.87 bc

37.11±
3.60 a
26.31±
2.67 b ***
29.91±
2.91 b*
31.14±
3.15 b*
30.25±
3.61 b*
32.71±
3.51a b

46.03±
5.69 c
137.86±
10.33 a***
70.80±
8.17 b**
64.22±
7.11 b**
69.73±
7.39 b**
62.34±
7.42 b**

8.67±
1.12 c
14.16±
1.35 a***
10.70±
1.41 b*
9.82±
1.01 b*
10.25±
1.26 b*
9.66±
0.99 b*

2.47±
0.24 b
6.77±
0.22 a***
3.72±
0.19 b
3.37±
0.17 b
3.64±
0.15 b
3.20±
0.11 b

Significant with control (-ve) group * P<0.05 ** P<0.01 *** P<0.001
Mean values in each column having different superscript (a, b, c) denote significant difference.
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Table (5): The Mean values ± SD of liver glycogen, cholesterol, total lipid glutathione peroxidase (GPX) and
malondialdehyde (MDA) in control and diabetic treated rat groups.
Variables

Glycogen
(mg/100g)
11.70±
1.33 a
4.61±
0.48 b***
9.14±
1.41 a
8.99±
1.11 a
9.01±
1.06 a
9.89±
1.05 a

Groups
Control
(-ve)
Control
(+ve)
Drug
Zinc
Vanadium
Zinc +
Vanadium

Cholesterol
(mg/100g)
3.11±
0.33 b
6.14±
0.96 a***
4.22±
1.13 b
4.11±
0.88 b
4.31±
0.77 b
4.01±
0.55 b

Total lipid
(mg/100g)
30.77±
2.61 c
47.45±
4.67 a***
39.14±
3.78 b*
40.21±
4.20 b*
38.71±
4.01 bc
35.71±
3.421 bc

GPX
(µg/g)
39.17±
2.69 a
26.11±
2.71 c***
33.20±
3.17 a b
37.11±
3.21 a b
35.21±
3.16 a b
37.33±
3.60 a b

MDA
(nmol/g)
38.41±
3.47 c
78.12±
8.22 a***
50.12±
5.11 b**
43.60±
7.36 b**
46.51±
4.61 b**
43.22±
4.25 b**

Significant with control (-ve) group * P<0.05 ** P<0.01 *** P<0.001
Mean values in each column having different superscript (a, b, c) denote significant difference.

1

2

3

4

5

6
Fig (1) : Histopathological examination of the pancreas
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