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ABSTRACT

This study was aimed to evaluate the antioxidant and lipid profile
effects of tannic acid in streptozotocin induced diabetic male wistar
albino rats. Fifty four (54) male albino rats of mean weight 140 g were
used for this study. The animals for the study were grouped into nine
(9) groups of six (6) rats each. Groups (1), (2) and (5) were the control
groups. Groups (3), (4) and (6) were the test groups, while groups (7),
(8) and (9) were the groups that received the extract only. Group 1 is
the normal control that received feed and water only, group 2 is the
negative control group that was induced with diabetes without
treatment, and group 5 is the positive control that was treated with 50
mg/kg body weight of the standard drug (glibenclamide). Test groups
(3), (4) and (6) were orally given 100, 200 and 400 mg/kg body weight

of tannic acid. Groups (7), (8) and (9) were the groups that received the extract only (100,

200, and 400 mg/kg body weight of tannic acid). All the rats used in this study were initially

subjected to diabetes by single intraperitoneal induction of 65 mg/kg body weight of

streptozotocin except the normal control group and the groups that received the extract only.

Treatment lasted for 21 days and after which the animals were sacrificed under mild

anesthesia (10% formasaline). Blood samples were collected in the plain bottle for the

analyses on the antioxidant and lipid profile effects of tannic acid in diabetic rats by assessing

biochemical parameters such as total cholesterol, high density lipoprotein, low density

lipoprotein, triacylglycerol, very low density lipoprotein, superoxide dismutase, catalase,
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malondialdehyde and reduced glutathione. From the result obtained, there was a significant
(p< 0.05) increase between the negative control and the test groups that received 100, 200
and 400 mg/kg body weight of tannic acid and the groups that received the extract only (100,
200 and 400 mg/kg b.wt of tannic acid) for catalase (CAT) and malondialdehyde (MDA),
while there was a significant (p< 0.05) increase between the negative and the test groups that
received that 200 and 400 mg/kg b.wt of tannic acid and the groups that received the extract
only (100, 200 and 400 mg/kg b.wt of tannic acid) for reduced glutathione (GSH). For
superoxide dismutase (SOD), there was a significant (p< 0.05) decrease between the negative
and the test groups that received 100, 200 and 400 mg/kg b.wt of tannic acid and the groups
that received the extract only (100, 200 and 400 mg/kg b.wt of tannic acid) Also there was a
significant (p< 0.05) decrease in triacylglycerol (TAG), total cholesterol, low density
lipoprotein (LDL) and very low density lipoprotein (VLDL) between the negative control and
the test groups that received 100, 200 and 400 mg/kg b.wt of tannic acid and the groups that
received the extract only (100, 200 and 400 mg/kg b.wt of tannic acid), while there was a
significant (p< 0.05) increase between the negative and the test groups that received that 200
and 400 mg/kg b.wt of tannic acid and the groups that received the extract only (100 mg/kg
b.wt of tannic acid) for high density lipoprotein (HDL).The study indicates that tannic acid
may have exerted antioxidant and hypolipidemic effects in streptozotocin induced diabetic
male wistar albino rats, and may also be used pharmacologically in the management of
hyperlipidemia and diseases implicated by free radicals.

KEYWORDS: Antioxidants; Catalase; Reduced glutathione; High density lipoprotein; Low
density lipoprotein; Superoxide dismutase; Total cholesterol.

INTRODUCTION

In diabetes mellitus, chronic hyperglycemia produces multiple biochemical sequence and
diabetes induced oxidative stress that plays an important role in the symptoms and
progression of the disease.!”! Free radicals have been concerned in the causation of several
disorders.>® Increased oxidative stress has been postulated in the diabetic state which
coexists with a reduction in the antioxidants status./*! Tissue antioxidant states have altered in
diabetes resulting in increased oxidative damage of membranes and tissue.>®" Oxidative
stress has been strongly associated with tissue damage in diabetic individuals.®
Streptozotocin (STZ), which is widely used to induce experimental diabetes in animals,

induces its diabetes mainly by inducing oxygen free radicals, thereby damaging the pancreas.
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STZ can induce partial destruction of b-cells in rats, resulting in insulin resistance-like
symptoms, which pathologically would be very similar to human type 2 diabetes mellitus."!
Antioxidants play a major role in the protection against molecular oxidative damage.
Disturbances of antioxidant defence systems in diabetes have been demonstrated, including
alteration in the activities of antioxidant enzymes and impaired glutathione (GSH)
metabolism. Plant-derived herbal remedies are apparently effective, produce minimal or no
side effects in clinical experience and are of relatively low costs as compared with oral
synthetic hypoglycemic agents.™® The antioxidant system includes Superoxide dismutase
(SOD), Catalase (CAT), reduced Glutathione (GSH), Malondialdehyde (MDA) and indirectly
glutathione reductase. The protective role of antioxidant enzymes is well known and has been
investigated extensively in diabetic patients and experimental diabetic animals.!*!

Acrteriosclerosis or coronary artery disease is a condition characterized by deposits of lipids,
mainly cholesterol on the inner walls of the arteries. These deposits narrow the arterial
channels and partly block the normal flow of blood through them.[*? The decrease in blood
flow and oxygen can result in stroke, partial paralysis, loss of speech and sometimes death.!**!
Acrteriosclerosis is the main cause of mortality and morbidity in western countries and
progressively increasing in developing countries.*¥ Low fat diet is often prescribed for the

management of arteriosclerosis as there are no specific treatments for the ailment.!**!

The present study was undertaken to study the antioxidant and lipid profile effects of tannic
acid in streptozotocin induced diabetic male wistar albino rats.

2. MATERIALS AND METHODS

2.1 Chemical

Tannic acid powder extra pure (100 g) and Streptozotocin (500 mg) was purchased from
sigma chemical (Bristol Scientifc Company). Assay Kkits for the estimation of total
cholesterol, high density lipoprotein, low density lipoprotein, triacylglycerol, very low
density lipoprotein, superoxide dismutase, catalase, malondialdehyde and reduced glutathione
were purchased from Randox UK. All other chemicals used for this study were of analytical

grade.

2.2 Animals
Male albino rats of mean weight 130 g were used for the present investigation. The rats were

maintained on standard pellet diet and tap water ad libitum. They were kept in aluminum
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cages in the animal house. Ethical approval was sought from the COLNAS ethical committee

before commencement of study.

2.3 Induction of experimental diabetes

Diabetes was induced by injection of a single intra-peritoneal dose of Streptozotocin solution.
Streptozotocin (65 mg/kg body weight) was dissolved in ice cold citrate buffer immediately
before use. Diabetes was confirmed by glucose estimation. Animal with blood glucose value

above 200 mg/dL was selected for the experimental study.

2.4 Experimental design

Eighteen (18) mice were used for the acute toxicity study. Lethal dose (LDsp) determination
was conducted using the Lorke’s method. Fifty four (54) male albino rats of mean weight 130
g were used for this study. The animals for the study were grouped into nine (9) groups of six
(6) rats each. Groups (1), (2) and (5) were the control groups. Groups (3), (4) and (6) were the
test groups, while groups (7), (8) and (9) were the groups that received the extract only.
Group 1 is the normal control that received feed and water only, group 2 is the negative
control group that was induced with diabetes without treatment, and group 5 is the positive
control that was treated with 50 mg/kg body weight of the standard drug (glibenclamide).
Test groups (3), (4) and (6) were orally given 100, 200 and 400 mg/kg body weight of tannic
acid. Groups (7), (8) and (9) were the groups that received the extract only (100, 200, and 400
mg/kg body weight of tannic acid). All the rats used in this study were initially subjected to
diabetes by single intraperitoneal induction of 65 mg/kg body weight of streptozotocin except
the normal control group and the groups that received the extract only. Treatment lasted for
21 days and after which the animals were sacrificed under mild anesthesia (10%
formasaline). Blood samples were collected in the plain bottle for the analyses on the
antidiabetic effects of tannic acid in normal and diabetic rats by assessing the plasma glucose,
plasma insulin, glycated hemoglobin and other biochemical parameters such as total
cholesterol, high density lipoprotein, low density lipoprotein, triacylglycerol, very low
density lipoprotein, superoxide dismutase, catalase, malondialdehyde and reduced
glutathione.

2.5 Evaluation of the various parameters studied
2.5.1 Determination of reduced glutathione (GSH)
Reduced glutathione (GSH) was determined by the method of.™*®!
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2.5.2 Catalase assay

(17]

Determination of catalase activity was according to'""! method.

2.5.3 Superoxide dismutase (SOD)

This was determined using the method.[*®!

2.5.4 Lipid peroxidation (Malondialdehyde-MDA)
Lipid peroxidation was determined spectrophotometrically by measuring the level of lipid

peroxidation product, malondialdehyde (MDA) as described by.[*!

2.5.5 Determination of total cholesterol
[20]

Total cholesterol was determined according to.
2.5.6 Determination of triacylglycerol

Triglyceride was determined using enzymatic test glycerol-phosphate oxide method.?!

2.5.7 Determination of High Density Lipoprotein (HDL)
HDL-Cholesterol was determined using method of.[#?

2.5.8 Determination of Low Density Lipoprotein (LDL) and Very Low Density
Lipoprotein (VLDL) Cholesterol

LDL and VLDL- cholesterol was calculated from Friedewald equation as stated by.[*!

2.6 Statistical analysis
The data were expressed as mean + standard deviation and analyzed using statistical package
for the social sciences (SPSS 22.0). Comparison was made between the test groups and the

control groups using One way Anova and p < 0.05 was considered statistically significant.
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RESULTS AND DISCUSSIONS
3.1 Effects of GSH on streptozotocin induced diabetic rats
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Fig. 1 Mean values comparison of GSH between the negative control, test groups and

the group that received the extract only.

There is a significant increase (p< 0.05) between the negative control and the test groups that
received 200 and 400 mg/kg body weight of tannic acids and the group that received the
extract only (100, 200 and 400 mg/kg body weight of tannic acid).

3.2 Effects of SOD on streptozotocin induced diabetic rats
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Fig. 2: Mean comparison of SOD between the negative control, test groups and the
groups that received the extract only.
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There is a significant increase (p< 0.05) between the negative control and the test group that
received 400 mg/kg body weight of tannic acid and the groups that received the extract only
(100, 200 and 400 mg/kg body weight of tannic acid).

3.3 Effects of MDA on Streptozotocin induced diabetic rats
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Fig. 3: Mean comparison of MDA between the negative control, test groups and the

groups that received the extract only.

There is a significant decrease (p< 0.05) between the negative control, the test groups that
received 100, 200 and 400 mg/kg body weight of tannic acid and the groups that received the
extract only (100, 200 and 400 mg/kg body weight of tannic acid).

3.4 Effects of Catalase on streptozotocin induced diabetic rats
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Fig. 4. Mean comparison of the negative control, test groups and the group that

received the extract only.
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There is a significant increase (p< 0.05) between the negative control and the test groups that
received 100, 200 and 400 mg/kg body weight of tannic acid and the groups that received the
extract only (100, 200 and 400 mg/kg body weight of tannic acid).

3.5 Effects of HDL on Streptozotocin induced diabetic rats
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Fig. 5: Mean comparison of HDL between the negative control, test groups and the

groups that received the extract only.

There is a significant increase (p< 0.05) between the negative control and the test groups that
received 200 and 400 mg/kg body weight of tannic acid and the group that received the
extract only (100 mg/kg body weight tannic acid).

WWW.Wjpr.net Vol 9, Issue 12, 2020. 15




Mba et al. World Journal of Pharmaceutical Research

3.6 Effects of Triacylglycerol on streptozotocin induced diabetic rats
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Fig. 6: Mean comparison of TAG between the negative control, test groups and the

group that received the extract only.

There is a significant decrease (p< 0.05) between the negative control and the test groups that
received 100, 200 and 400 mg/kg body weight of tannic acid and the groups that received the
extract only (100, 200 and 400 mg/kg body weight of tannic acid).

3.7 Effects of Total cholesterol on streptozotocin induced diabetic rats
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Fig. 7: Mean comparison of Total cholesterol between the negative control, test groups
and the group that received the extract only.
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There is a significant decrease (p< 0.05) between the negative control and the test groups that
received 100, 200 and 400 mg/kg body weight of tannic acid and the groups that received the
extract only (100, 200 and 400 mg/kg body weight of tannic acid).

3.8 Effects of Low density lipoprotein on streptozotocin induced diabetic rats
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Fig. 8: Mean comparison of LDL between the negative control, test groups and the

group that received the extract only.

There is a significant decrease (p< 0.05) between the negative control and test groups that
received 100, 200 and 400 mg/kg of tannic acid and the groups that received the extract only
(100, 200 and 400 mg/kg of tannic acid).
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3.9 Effects of very low density lipoprotein (VLDL) on streptozotocin induced diabetic
rats
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Mean comparison of VLDL between the negative control, test groups and the group that
received the extract only

There is a significant decrease (p> 0.05) between the negative control and test groups that
received 100, 200 and 400 mg/kg of tannic acid and the groups that received the extract only
(100, 200 and 400 mg/kg of tannic acid).

DISCUSSION

Use of tannic acid in food application is far more wide spread and significant amounts are
used as process aids in beer clarification, aroma compound in soft drinks and juices. Tannic
acid is applied directly to treat sore throat and tonsils, spongy or receding gums, cold sores
and fever blister.l*) Tannic acid can medicate bleeding, chronic diarrhea, dysentery, bloody
urine, painful joints, persistent coughs, and cancer. Vaginally, Tannic acid can be used as a
doughe for white or yellowish discharge, i.e, leucorrhea.l* Tannic acid is a good source of

antihyperlipidimic and antihyperglycemic agent.**°!

Lipid peroxidation is one of the characteristic features of chronic diabetes. Lipid peroxide
mediated damage has been observed in the development of both type 1 and type 2 diabetes

mellitus. It has been observed that insulin secretion is closely associated with lipoxygenase
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derived peroxides.”™ Low level of lipoxygenase peroxide stimulates the secretion of insulin,
but when the concentration of endogenous peroxides increases, it may initiate uncontrolled
lipid peroxidation leading to cellular infiltration and islet damage in type 2 diabetes.[*?
Increased lipid peroxidation impairs membrane function by decreasing membrane fluidity
and changing the activity of membrane bound enzymes and receptors.”®! Its products are
harmful to most of the cells in the body associated with variety of diseases.”” The present
study showed a significant elevation of plasma and liver TBARS content in diabetic rats. The
increased TBARS content of diabetic rats suggests peroxidative injury may be involved in the
development of diabetic complications. Tannic acid could significantly reduce the liver lipid
peroxidation products level in diabetic rats. This indicates that tannic acid is a potent inhibitor
of the oxidative damage of liver tissue. MDA is a product of lipid peroxidation./?®! Extensive
lipid peroxidation leads to disorganization of membrane by peroxidation of unsaturated fatty
acids which also alters the ratio of polyunsaturated to other fatty acids. This would lead to a
decrease in the membrane fluidity and the death of the cell.”® In this study, MDA level
showed a dose-dependent decrease close to normal level. This implies that tannic acid could
have antioxidant properties by decreasing lipid peroxidation. This is consistent with earlier
studies by.[?®!

In diabetes oxidative stress damage, the pancreatic tissue there by further reducing insulin
secretion. In the present study, the activity of SOD, CAT, GSH were significantly reduced in
liver of diabetic induced rats. The previous report has shown that the activities of SOD, CAT
and GSH were lowered in tissue of diabetic rats./® The observed decrease may be due to the
utilization of non protein thiols by increased oxygen free radicals produced in hyperglycemia
condition. Oral administration of tannic acid to diabetic rats significantly improved the
antioxidant defense mechanism, which suggests its role in the protection of vital tissue from
oxidative damage during diabetic condition. Reduced glutathione is a potent free radical
scavenger GSH within the islets of B-cell and is an important factor against the progressive
destruction of the B-cell following partial pancreatectomy.?®! Depletion of GSH results in
enhanced lipid peroxidation. This causes increased GSH consumption and can be correlated
to the increase in the level of oxidized glutathione (GSSG). Treatment of tannic acid resulted
in the elevation of the GHS levels, which protect the cell membrane against oxidative damage
by regulating the redox status of protein in the membrane.!*”! The plasma lipid peroxide level
in STZ-induced diabetes is generally thought to be due to pathological changes to tissue that

increase the production and liberation of lipid peroxides into circulation.’?® Treatment with
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tannic acid brought back lipid peroxidative markers to near normal levels, which could be as
a result of improved glycemic control and antioxidants status. GSH, being the most important
biomolecule against chemically induced toxicity can participate peroxides in the presence of
GPX. GSH also functions as free radical scavenger and in the repair of free radical caused
biological damage.?® Reduced glutathione, a direct free radical scavenger, also reported to

protect the cellular system against the noxious effect of lipid peroxidation."

The role of free radicals in disease initiation cannot be overemphasized. Most free radicals
such as hydroxyl radical (OH), the superoxide radical (O,-), lipid peroxide radicals and
hydrogen peroxide (H,O;) are being implicated in some disease conditions. These include:
cancer, gastrointestinal inflammation, asthma, cataracts, cardiovascular disease, diabetes
mellitus, liver disorder, periodontal disease, and other inflammatory processes.*® These
reactive oxygen species (ROS) are generated as a result of normal biochemical metabolism in
the body which is due to high level of exposure to xenobiotics.” Pathological conditions
result when the generation of ROS induced by stimuli in the organism exceeds the
antioxidant capacity of the organism.”®! The harmful effect of these reactive species in
normal metabolic processes which leads to disease condition is a consequence of their
interaction with some biological compounds within and outside the cells. Recently, many
natural and synthetic free radical scavengers and antioxidants have been employed in
protecting biomolecules against free radical mediated damages.* In this present research,
there was a significant (P<0.05) increase in reduced glutathione (GSH), Superoxide
dismutase (SOD) and Catalase (CAT) in the test groups and the groups that received the
tannic acid only (100, 200 and 400 mg/kg) when compared to the negative control.

The decreased levels of plasma GSH in diabetes could be due to its increased utilization in

trapping the oxyradicals."

In our study, diabetic rats exhibited decreased level of GSH,
which might be due to increased utilization for scavenging free radicals and increased
consumption by GPX. Treatment with tannic acid can either increase the biosynthesis of GSH
or reduce the oxidative stress leading to less degradation of GSH and detoxifies the free
radicals generated. The decrease of GSH may hence be responsible for low GPX activity in
diabetic tissues. It has been proposed that antioxidant that maintains the concentration of
GSH may restore the cellular defense mechanisms, block lipid peroxidation and thus protect

the tissue against oxidative damage.*"
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In the present study, the activity of high density cholesterol (HDL), triacylglycerol (TAG),
total cholesterol, low density cholesterol (LDL), and very low density cholesterol (VLDL)
were significantly increased in diabetic induced rats and significantly decreased (p< 0.05) in
the treated groups (100 mg/kg, 200 mg/kg and 400 mg/kg b.wt of tannic acid) and the groups
that received the groups only (100 mg/kg, 200 mg/kg and 400 mg/kg b.wt of tannic acid),
which shows that the tannic acid was able to lower the lipid profile of streptozotocin induced
diabetic rats, can be ascribed to the phytochemical constituents of the tannic acid, which
implies that tannic acid can be used to prevent cardiovascular complications arising from

hyperlipidemia.r*?

CONCLUSION

In conclusion, the present study provides that tannic acid exhibits antioxidants and
hypolipidemic properties in streptozotocin induced diabetic rats by decreasing the levels of
lipid peroxidation products and increasing the activity of antioxidants and also by decreasing
the levels of lipids.

Recommendation
It is advised that further detailed investigation is necessary to find out it’s mechanism of

action and establish its therapeutic potential in the treatment of diabetes.

Limitation of the study

The duration of this study was not more than 28 days. Moreover, our present findings were in
rats and therefore cannot be directly interpreted that these effects observed in rats will be
exactly and/or physiologically the same in humans. Therefore, our findings are subject to

further research and verification especially in humans.
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