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Abstract

Context: Diabetes mellitus causes atherosclerosis and lipid abnormalities. Hypolipidemic and antioxidative properties of
catechin (CTN) have been reported in several studies.

Objective: This study assesses the possible protective effects of CTN against oxidative damage in the diabetic rats.

Materials and Methods: The rats were divided into the control, untreated diabetic, and 3 CTN-treated diabetic groups (20, 40,
and 80 mg/kg/d, intraperitoneal). The diabetic rats were induced by streptozotocin. Catechin was injected for 4 weeks. At the end
of the experimental period, glucose, lipid profile, apoprotein A-l (apo A-l), apoprotein B (apo B), malondialdehyde (MDA) levels,
and antioxidant enzymes including glutathione-S-transferase (GST), superoxide dismutase (SOD), and catalase (CAT) activities
were determined in serum. Statistical analyses were performed using the InStat 3.0 program.

Results: Streptozotocin caused an elevation of glucose, MDA, triglycerides (TGs), total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), and apo B with reduction in high-density lipoprotein cholesterol (HDL-C), apo A-l, SOD, CAT, and GST in
the serum (P <.05). The findings showed that the significant elevation in the body weight, glucose, MDA, TG, TC, LDL-C, and apo
B and reduction in HDL-C, apo A-l, SOD, CAT, and GST were ameliorated in the CTN-treated diabetic groups versus the
untreated group, in a dose-dependent manner (P < .05).

Conclusion: The present investigation proposes that CTN may ameliorate diabetes and its complications by modification of
oxidative stress.
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It was indicated that oxidative stress alters protein, lipid, and
carbohydrate metabolism* and increases in patients with DM
and proposes to induce endothelial cell dysfunction and trigger
the development of atherosclerosis. Because of the enhanced
risk of cardiovascular abnormalities in diabetic patients, the

Introduction

Diabetes mellitus (DM) can be identified as a group of dis-
eases characterized by hyperglycemia and altered insulin
action or secretion and metabolism of proteins, carbohydrates,
and lipids. Dyslipidemia due to uncontrolled insulin resis-
tance and hyperglycemia in diabetic condition are the major
risk factors for coronary artery disease including atherosclero-
sis.! Recently, oxidative stress has been considered as an
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important mechanism in the pathogenesis of diabetes and its
complications.?

Mechanisms that contribute to the generation of oxida-
tive stress in DM may consist of free radicals especially
reactive oxygen species (ROS), nonenzymatic protein gly-
cosylation, glucose autoxidation, altered glutathione (GSH)
metabolism, modification in antioxidant enzymes, and lipid
peroxide generation.’
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preventive medication design of normal blood lipids and reduc-
tion in oxidative stress should be studied.’ Several ethno-
pharmacological studies have indicated the beneficial effects
of medicinal plants on the management of diabetes and its
complications. Recently, attention has been focused on the
relationship between natural antioxidants and the inhibition
of the DM progression.®” Green tea is used as one of the most
popular traditional tea, dietary supplement, and beverage in
worldwide.'® Green tea contains various amounts of catechins
(CTNs), and several investigations have indicated that the anti-
oxidant properties of green tea come from the flavonoids.'!
Flavonoids are a group of polyphenol compounds detected in
considerable quantities in plant foods especially in tea, onions,
berries, and some medicinal plants. The health raising properties
of flavonoids are commonly related to their redox antioxidant
capacity rather than to the other molecular activities.'? Flavo-
noids are potent antioxidant detected in considerable quantities
in the human diet."*'* Catechin is one of the most flavonoids
with relatively high antioxidant content.'> Some experimental
studies reported antidiabetic, hypolipidemic, and antioxidative
properties of CTN; however, the mechanism by which CTN is
effective for controlling the diabetes has still been unclear.'®!”
Therefore, the present study was planned to investigate the
effects of CTN on blood glucose, serum levels of malondialde-
hyde (MDA, nmol/mL), glutathione-S-transferase (GST, U/
mL), superoxide dismutase (SOD, U/mL), catalase (CAT, U/
mL) activities, triglycerides (TGs, mg/dL), total cholesterol
(TC, mg/dL), low-density lipoprotein cholesterol (LDL-C, mg/
dL), high-density lipoprotein cholesterol (HDL-C, mg/dL), apo-
protein B (apo B, mg/dL), and apoprotein A-I (apo A-I, mg/dL)
in the streptozotocin (STZ)-diabetic rats.

Materials and Methods

Reagents

All purified enzymes, coenzymes, substrates, standards, buf-
fers, kits, and also CTN and other chemicals were purchased
from Sigma-Aldrich Chemical (St Louis, Missouri) and Pars
Azmoon (IRI, Tehran) companies.

Animals

Wistar albino rats (2 months; 200 + 13 g) were bred at the
university experimental animal care center. Animals were
maintained under standard environmental conditions and had
free access to standard rodent feed and water.

Study Design

A total of 40 male Wistar albino rats were randomly allotted to
5 experimental groups (n = 8 per group) as follows—group 1,
control (C); group 2, diabetic (D); group 3, diabetic and CTN
treated (20 mg/kg/d; D + CTN20); group 4, diabetic and CTN
treated (40 mg/kg/d; D + CTN40); and group 5, diabetic with
CTN treated (80 mg/kg/d; D + CTN80). Rats were kept in their
own cages at constant room temperature (21°C + 2°C) under a

normal 12 hours light/dark cycle with free access to food and
water at Mashhad University of Medical Sciences. The animals
were housed according to the regulations for the welfare of
experimented animals. The study was conducted in the Experi-
mental Animal Research Laboratory of Mashhad Medical Uni-
versity. Protocols were approved by the ethical committee
(The Ethical Research Committee of Mashhad University of
Medical Sciences). On the first day of the study, the diabetic
groups were given STZ in a single intraperitoneal (IP) injection
at a dose of 60 mg/kg for the induction of diabetes. Blood was
extracted from the tail vein for glucose analysis 72 hours after
STZ injection. Rats with blood glucose levels higher than 250
mg/dL were accepted as being diabetic. In the control groups
(C), physiological saline (IP) was injected as a vehicle. Catechin
was injected (IP) to the treatment groups from 3 days after STZ
administration for 4 weeks. Blood glucose level and body weights
were recorded at weekly intervals. After 4 weeks, animals were
anesthetized by ether, and blood was subsequently collected from
the retro orbital sinus. Blood and sera were separated by centri-
fugation at 3000 rpm for 10 minutes for glucose, MDA, GST,
SOD, CAT, TG, TC, LDL-C, HDL-C, apo B, and apo A-I.

Measurement of Blood Glucose

Glucose concentrations were measured with the Ames One
Touch glucometer (One-Touch Basic; Lifescan, Johnson and
Johnson, New Brunswick, New Jersey) in rat tail vein blood.
Blood glucose was estimated using the diagnostic kits (Pars
Azmoon kit, IRI) on an automatic analyzer (Abbott, model
Alcyon 300, Illinois, USA).

Measurement of Serum Lipid Profile, Apo A-l, and Apo B

The concentrations of TG, TC, LDL-C, and HDL-C in serum
were estimated using diagnostic kits (Pars Azmoon kit, IRI) on
an automatic analyzer (Abbott, model Alcyon 300). Apo B and
apo A-I were also assayed by a turbidimetric immunoassay
method using Pars Azmoon kit, IRI.

Measurements of Enzymes

Superoxide dismutase activity assay. Superoxide dismutase activ-
ity was assayed according to the method of Sun et al.'® In this
method, xanthine—xanthine oxidase system was used to gener-
ate a superoxide flux, and nitroblue tetrazolium (NBT) was
used as an indicator of superoxide production. Superoxide dis-
mutase activity was then measured by the degree of inhibition
of the reaction unit of enzyme, which provides 50% inhibition
of NBT reduction. The production of formazan is determined at
560 nm. Results are expressed as U/mL.

Glutathione-S-transferase activity assay. Glutathione-S-transferase
activity was spectrophotometrically measured at a wavelength
of 340 nm according to the method defined by Habig et al.'’
Under standard conditions, the amount of enzyme conjugating
1 pmol of 1-chloro-2, 4-dinitrobenzene (CDNB) with GSH in
1 minute was defined as one unit activity (U/mL).
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Table |. Effect of CTN on Body Weight in STZ-Treated Diabetic Rats.”

Day 0 7 14 21 28

C 179.86 + 7.07 219.00 + 4.85 22140 + 3.88 234.00 + 5.30 252.66 + 4.59

D 168.00 + 5.03 162.00 + 3.63° 150.33 + 4.59° 121.55 + 3.68° 102.00 + 4.96°

D + CTN20 170.10 + 4.48 172.36 + 4.79° 165.12 + 4.96° 137.09 + 5.65° 143.10 + 3.91°¢
D + CTN40 173.50 + 5.65 183.11 + 4.14>¢ 179.00 + 353> 160.00 + 3.53><¢ 164.00 + 5.30>°
D + CTN60 177.02 + 3.88 195.00 + 3.78°f¢ 194.72 + 2.82° 181.00 + 4.595< 206.09 + 4.25°cik

Abbreviations: CTN, catechin; SEM, standard error of the mean; STZ, streptozotocin.
?Control (C), untreated diabetic rats (D), CTN (20 mg/kg/d)-treated diabetic rats (D + CTN20), CTN (40 mg/kg/d)-treated diabetic rats (D + CTN40),and CTN
(80 mg/kg/d)-treated diabetic rats (D + CTNB80) during 4 weeks of study. Each measurement was done at least in triplicate, and the values are the means + SEM

for 8 rats in each group.

®P < 001, significantly different from normal control (group C) rats.
P < .001, significantly different from STZ-treated (group D) rats.
9P < .05, significantly different from STZ-treated (group D) rats.

P < .05, significant difference between D + CTN20 group versus D + CTN40 and D + CTN80 groups.

fP < .01, significantly different from normal control (group C) rats.

8P < .01, significant difference between D + CTN20 group versus D + CTN40 and D + CTN80 groups.

"P < .05, significantly different from normal control (group C) rats.

fP <.001, significant difference between D + CTN20 group versus D + CTN40 and D + CTN80 groups.
P < .05, significant difference between D + CTN40 groups versus D + CTN80 group.
kP <001, significant difference between D + CTNA40 groups versus D + CTNB8O group.

Catalase activity assay. Catalase activity was made by spectro-
photometric measurement of decreasing H,O, quantity at a
wavelength of 240 nm, defined by Beers and Sizer.>’ One unit
of activity was defined as an enzyme activity (U/mL) degrad-
ing 1 pmol of H,O; in 1 minute under standard conditions.

Measurement of Lipid Peroxidation

Lipid peroxidation products were measured as an index of MDA
production in serum by the method of Yoshioka et al.®! In this
reaction, MDA reacts with thiobarbituric acid reagent under
acidic conditions to generate a pink-colored product and was
determined at 532 nm. The results are given as nmol MDA/mL.

Protein Estimation

Protein was estimated in serum by the method of Bradford®>
using bovine serum albumin as standard. Protein solution con-
taining 10 to 100 pg protein in a volume up to 0.1 mL was
pipetted into 12 mm x 100 mm test tubes. The volume in the
test tube was adjusted to 0.1 mL with appropriate buffer. Five
milliliters of protein reagent was added to the test tube and the
contents mixed either by inversion or by vortexing. The absor-
bance at 595 nm was measured after 2 minutes and before
1 hour in 3 mL cuvettes against a reagent blank prepared from
0.1 mL of the appropriate buffer and 5 mL of protein reagent.
The weight of protein was plotted against the corresponding
absorbance resulting in a standard curve, which was used to
determine the protein in unknown samples.

Statistical Analysis

All experiments were carried out at least in duplicate. Each
group consisted of 8§ rats. One-way analysis of variance was
performed, and Tukey post hoc test was used for multiple
comparisons. Statistical analyses were performed using the

InStat 3.0 program. The results are expressed as mean + stan-
dard error of the mean. The results were originated from the
analysis of serum. Linear correlation tests were also performed.
Differences of P < .05 were considered significant.

Results

Weight loss was observed in the untreated diabetic rats com-
pared to the normal healthy rats (control) during 4 weeks
(P < .001). However, after 4 weeks, body weight of CTN-
treated diabetic rats significantly increased versus the untreated
diabetic rats in a dose-dependent manner (P < .001), but the
elevated body weight in the CTN-treated diabetic groups were
significantly lower than the control group (P < .001; Table 1).

Streptozotocin-diabetic rats showed considerable (P <.001)
hyperglycemia compared to the control rats (Figure 1). After
the end of experimental period, the CTN dose dependently
decreased blood glucose levels in the diabetic rats versus the
untreated diabetic rats (P < .05; Figure 1). Catechin (20 and
40 mg/kg/d) significantly decreased glucose in STZ-diabetic
rats only at the fourth week of the study (P < .05, P < .01,
respectively), whereas at the highest dose of CTN
(80 mg/kg/d), serum glucose of diabetic rats was significantly
reduced in the beginning of the first week of treatment (P < .05,
P <.001; Figure 1).

Streptozotocin-injected rats exhibited a significant elevation
in the serum levels of TC, TG, LDL-C, as well as apo B and
significantly decreased in the HDL-C and apo A-I levels versus
the control group (P <.01; Table 2). Catechin dose dependently
reduced the serum levels of TC, TG, LDL-C, and apo B and
increased the serum levels of HDL-C and apo A-I during the
experimental period (P < .05). At the highest CTN dose
(80 mg/kg/d), there was no significant difference in TC, TG,
LDL-C, apo B, HDL-C, and apo A-I levels between the
STZ-treated rats and the control rats (Table 2). In addition, at
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Figure |. Effect of CTN on blood glucose level (mg/dL). Control (C),
untreated diabetic rats (D), CTN (20 mg/kg/d)-treated diabetic rats
(D 4+ CTN20), CTN (40 mg/kg/d)-treated diabetic rats (D + CTN40),
and CTN (80 mg/kg/d)-treated diabetic rats (D + CTN80) during
4 weeks of study (n = 8, for each group). Values are the means +
SEM for 8 rats in each group. Significantly different from normal
control (group C) rats (¥**P < .001). Significantly different from
STZ-treated (group D) rats (+P < .05, ++P < .05, +++P < .001).
CTN indicates catechin; SEM, standard error of the mean;
STZ, streptozotocin.

the CTN dose (40 mg/kg/d), there was no significant difference
in LDL-C, HDL-C, apo B, and apo A-I levels between the STZ-
treated rats and the control rats (Table 2).

Streptozotocin injection produced significant changes in
oxidative stress parameters in the serum of diabetic rats 4
weeks after diabetes induction, as shown by increased lipid
peroxidation product (MDA) and decreased SOD, GST, and
CAT activities versus the control group (P < .001; Table 3).
Catechin dose dependently decreased the serum level of MDA
and increased SOD, GST and CAT activities versus the
untreated diabetic group (P < .05). At the highest CTN con-
centration (80 mg/kg/d), there was no significant difference in
the MDA level, SOD, GST, and CAT activities between the
STZ-treated rats and the control rats (Table 3). In addition, at
the CTN dose (40 mg/kg/d), there was no significant difference
in SOD and CAT activities between the STZ-treated rats and
the control rats. The serum protein content did not show sig-
nificant changes in diabetes and CTN treatment. There was no
significant difference in the total protein during 4 weeks after
diabetes induction. Catechin treatment also showed no signif-
icant modulation in the total protein versus the untreated dia-
betic group (Table 3).

Discussion

The findings of this investigation show that the IP injection of
CTN significantly recovered the adverse metabolic effects in
the serum of animals treated with STZ in a dose-dependent
manner. Catechin injection after STZ treatment caused lower
serum glucose level and ameliorated lipid profile as well as
body weight versus the rats treated with STZ alone. Moreover,
CTN treatment of diabetic rats ameliorated decreased activities

of the SOD, CAT, GST, and also HDL-C and apo A-I levels as
well as increase in the lipid profiles, apo B, and MDA. The
present results confirm the previous findings reported by other
investigators using CTN, which improved STZ damage in
rats.'®!7-232% The current study also indicates the amelioration
of oxidative stress in the STZ-diabetic rats after CTN treat-
ment. The results are similar to the previous studies indicated
by other researchers using STZ to cause diabetes in rats,
accompanied by an increase in the susceptibility to lipid per-
oxidation.*>*® Oxidative stress has an important effect on the
progression of diabetes and its complications. Hyperglycemia
caused overgeneration of oxygen-free radicals, which lead to
the development of diabetes and its complications.”® Accord-
ing to the present literatures, STZ causes imbalance between
plasma oxidant and antioxidant content and accelerates the
progression of DM and its complications. Streptozotocin
reduces insulin secretion after entering to the pancreatic B-cell
through the low-affinity glucose protein-2 transporter and mak-
ing the selective damage of the insulin-producing islet  cells.
Thus, development of diabetes after the damage of the pancrea-
tic islets is related to the locally and systemically induction of
oxidative stress. In addition, insulin resistance inhibits adipo-
cyte function and the release of free acid into the plasma.>’
Increase in circulating free fatty acids enhances hepatic TGs
production. The raised hepatic TG content leads to an elevation
in the production of more atherogenic small, dense LDL. These
are the important mechanisms involved in STZ-induced dia-
betes and its complications.?® In this study, it was observed that
STZ injection caused a considerable reduction in plasma SOD,
GST, and CAT activities as well as HDL-C and apo A-I with a
significant elevation in MDA, apo B, and lipid profile in rats.
The improvement of STZ effects in rats after CTN injection
might indicate a protective effect of CTN against STZ func-
tion due to prevention of oxygen-free radicals production.
Catechin injection to the diabetic rats improved SOD, GST,
and CAT activities and may be related to a decrease in free
radicals generation by CTN and also increase in antioxidant
content. In the present investigation, SOD, GST, and CAT
activities were increased in CTN-treated diabetic rats versus
to the untreated diabetic rats. However, our data showed that
CTN-treated diabetic group decreased the MDA level com-
pared to the untreated diabetic group. Catechin may also
reduce lipid peroxidation by enhancing the SOD, GST, and
CAT activities.”

The present data completely confirm to those of Mehra
et al’® who demonstrated hypoglycemic and antioxidant activ-
ity of CTN in rats. Their data illustrated that CTN treatment to
rats treated with high sucrose may be effective by decreasing
blood glucose, via decreasing oxidative stress in diabetes.
Chennasamudram et al** have postulated that CTN may be
effective to regulate glycaemia and kidney damage in the
STZ-induced diabetic rat by reducing lipid peroxidation.

Epidemiological studies indicated that persons who drink
more than 2 cups of green tea per day have lower concentration
of TC and LDL-C, which is also demonstrated by the results of
meta-analysis of randomized clinical trials.>* Moreover, this
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Table 2. Effect of CTN on Serum Lipid Profiles (mg/dL).?

C D D + CTN20 D + CTN40 D + CTN60
TC 45.11 4+ 2.47 79.86 + 1.76° 74.66 + 3.18° 57.45 + 1.06%%¢ 44.13 4 2.229ef
TG 36.13 + 2.47 85.10 + 2.12° 7401 + 3.18%% 61.25 + 2.82%4h 42.15 4 2.479<
LDL-C 18.16 + 1.76 39.24 4 2.83° 33.17 £ 3.18° 27.00 + 2.47¢ 22.11 + 2.82¢h
HDL-C 27.09 + 2.47 1250 + 2.12° I5 + 2.82! 18.00 + 1.76 23.34 + 3.188
Apo A-l 110.50 + 7.03 69.21 + 6.01° 75.011 4+ 9.14%¢ 89.13 4+ 5.30 10423 + 6.61M
Apo B 67.13 + 4.50 98.79 + 6.30° 92.20 + 7.10’ 82.14 + 5.90 70.87 + 3.908

Abbreviations: apo A-l, apoprotein A-l; apo B, apoprotein B; CTN, catechin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol; TC, total cholesterol; TG, triglycerides.

*TC, TG, LDL-C, HDL-C, apo A-l, and apo B in control (C), untreated diabetic rats (D), CTN (20 mg/kg/d)-treated diabetic rats (D + CTN20), CTN (40 mg/kg/d)-
treated diabetic rats (D + CTN40), and CTN (80 mg/kg/d)-treated diabetic rats (D + CTN80) during 4 weeks of study (n = 8, for each group).

PP < .001, significantly different from normal control (group C) rats.
P < .0l, significantly different from normal control (group C) rats.

9P < 001, significantly different from streptozotocin (STZ)-treated (group D) rats.
P < .001, significant difference between D + CTN20 group versus D + CTN40 and D + CTN80 groups.
fP < .01, significant difference between D + CTN40 groups versus D 4+ CTN8O0 group.

8P < .05, significantly different from STZ-treated (group D) rats.

_hP < .05, significant difference between D + CTN20 group versus D + CTN40 and D + CTNB80 groups.
'P <.001, significant difference between D + CTN40 groups versus D + CTN80 group.

IP < .05, significantly different from normal control (group C) rats.
kP < .05, significantly different from STZ-treated (group D) rats.

Table 3. Effect of CTN on Liver MDA (nmol/mL), SOD (U/mL), CAT (U/mL), GST (U/mL), and Total Protein (mg/mL) in Control (C),
Untreated Diabetic Rats (D), CTN (20 mg/kg/d)-Treated Diabetic Rats (D + CTN20), CTN (40 mg/kg/d)-Treated Diabetic Rats (D + CTN40),
and CTN (80 mg/kg/d)-Treated Diabetic Rats (D + CTN80) During 4 Weeks of Study (n = 8, for Each Group).

C D D + CTN20 D + CTN40 D + CTN60
MDA 0.55 + 0.09 1.89 + 0.4° .58 4+ 0.2%° I.11 4+ 0.15><¢ 0.88 + 0.1854¢
SOD 3.10 + 043 0.46 + 0.22° 0.97 + 0.35° 1.56 + 0.56 2.67 + 0.42%
CAT 2.84 4+ 0.32 1.06 + 0.14 1.40 + 0.20° 197 + 0.5 239 + 0.31%8
GST 1.95 + 0.19 0.67 + 0.08 091 + 0.09° 1.13 + 0.I5' 142 + 021f
Total protein 1643 + 3.12 7.15 + 241 8.0l + 2.03 10.04 + 1.97 12.85 + 2.50

Abbreviations: CAT, catalase; CTN,
P < .001, significantly different from normal control (group C) rats.
PP < 001, significantly different from STZ-treated (group D) rats.
P < .01, significantly different from normal control (group C) rats.

catechin; GST, glutathione-S-transferase; MDA, malondialdehyde; SOD, superoxide dismutase; STZ, streptozotocin.

9P < .00, significant difference between D + CTN20 group versus D + CTN40 and D + CTNB80 group.
P < .05, significant difference between D + CTN40 groups versus D + CTN80 group.

fP < .05, significantly different from STZ-treated (group D) rats.

8P < .05, significant difference between D + CTN20 group versus D + CTN40 and D + CTNB80 group.

_hP < .05, significantly different from STZ-treated (group D) rats.
'P < .05, significantly different from normal control (group C) rats.

was reported that CTN treatment prevented DM-induced vas-
cular endothelial dysfunction through reduction in high glu-
cose, vascular oxidative stress, and lipid peroxidation.®!

Similar to previous investigations, our study demonstrated
that CTN is also useful to reduce the cardiovascular risk in
diabetic models via keeping TC, TG, LDL-C, HDL-C, apo B,
and apo A-I at safe levels. The major mechanism for the hypo-
lipidemic effect of flavonoids may be related to its inhibitory
effects on the oxygen-free radical generation. Diabetes mellitus
often caused lipid abnormalities that these abnormalities may
be deteriorated by the formation of oxidizing agents such as
oxidized LDLs.*?

Apoprotein A-I as the important apoprotein of HDL-C struc-
ture is the serum level indicative of HDL-C. Several investiga-
tions observed a potent proportion between the increase in

plasma HDL-C and apo A-I and the modification in plasma
apo A-I concentration demonstrating almost half (approxi-
mately 48%) of the variation in HDL-C concentration during
the intermediacy period. As well as, apo B as the major apo-
protein of LDL-C structure is the serum level indicative of
LDL-C, and reduction in apo B demonstrates that small, dense
LDL-C was significantly less than control group. However, apo
B and apo A-I can be better than LDL-C and HDL-C, respec-
tively, in prognosis cardiovascular risk in type 2 diabetes.>
In our investigation, pro-oxidant—antioxidant balance was
assessed by measuring MDA content and enzymatic antioxi-
dants in the serum of the diabetic rats. Elevated MDA and
reduced SOD, GST, and CAT activities remarked that the bal-
ance changed toward pro-oxidation in STZ-diabetic rats. Cate-
chin treatment of diabetic rats recovered SOD, GST, and CAT
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activities, which is related to a reduction in free radical gener-
ation and elevated antioxidant defenses by CTN. Antioxidant
activity of green tea has been demonstrated in several stud-
ies.**° Green tea is a major source of components having
physiological effects, such as polyphenols, certain minerals,
and caffeine.?” Flavonoids are belonging to a group of phenolic
compounds with its hydrogen-donating antioxidant activity and
a scavenger of free radicals. Catechin exhibits its antioxidant
effect through hydrogen-donating antioxidant activity and a
scavenger of free radicals in vivo and in vitro.*®

Catechin adjusts oxygen radical generation, which may be
responsible at least in part for the improved hyperglycemia,
hyperlipidemia, and oxidative stress in STZ-diabetic rats. In
addition, increased SOD, GST, and CAT activities after CTN
injection may exert an additional effect in modulating oxida-
tive stress. The present study demonstrated that the antihyper-
glycemia and hypolipidemic of CTN are related to increased
antioxidant enzymes (SOD, GST, and CAT) and lipid perox-
idation levels in the serum of STZ-diabetic rat model. In con-
clusion, the present data indicate that CTN treatment exhibits a
protective effect in the STZ model of diabetes and its compli-
cations via controlling of oxidative stress. Although more stud-
ies are needed for the assessing of the exact protective
mechanism of CTN against diabetic complications in animal
models and humans, present data show that CTN exerts anti-
diabetic effects in the diabetic model via enhancing the anti-
oxidant defense system. This study confirms the potential
efficacy of CTN for diabetes management.
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