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Abstract: Although, diabetic hepatopathy 1s potentially less common, it may be appropriate for addition to the
list of target organ conditions related to diabetes. This study was designed to evaluate the hepaoprotective
properties of Green Tea Extract (GTE) in STZ-induced diabetes in rats. Wistar rats were made diabetic through
single injection of STZ (75 mg kg~ i.p.). The rats were randomly divided inte four groups of 10 animals each:
Group 1, healthy control; Group 2 non-diabetics treated with GTE administered orally (1.5%, w/v); Group 3,
diabetics; Group 4, diabetics treated with GTE (1.5%, w/v) for 8 weeks. Serum biomarkers were assessed to
determine hepatic injury. Malondialdehyde (MDA) and reduced Glutathione (GSH) contents were measured
to assess free radical activity in the liver tissue. Hepatic antioxidant activities of glutathione peroxidase (GSH-
Px), Superoxide Dismutase (SOD) and Catalase (CAT) were also determined. The biochemical findings were
matched with histopathological verifications. Liver MDA content and serum levels of ALT, AST, ALP and
bilirubin in Groups 3 significantly increased compared to Group 1 (p<0.05) and significantly decreased in
Group 4 compared to Group 3 (p<0.05). Serum albumin level and GSH, SOD, CAT and GSH-Px contents of the
liver in Group 3 were significantly decreased compared to Groups 1 (p<0.05) and were significantly mcreased
in Group 4 compared to Group 3 (p<0.05). Histopathologically, the changes were in the same direction with
biochemical findings. This study proved the hepatoprotective activity of GTE in experimentally induced diabetic

rats.

Key words: Green tea extract, diabetes mellitus, oxidative stress, liver, rats

INTRODUCTION

Type 1 and 2 Diabetes Mellitus (T2DM) are
mfluenced by different genetic factors but individuals
with either of them are prone to developing complications
mcluding  nephropathy,  retinopathy,  peripheral
neuropathy and hypertension (Ritz efr al, 1990
Hendriksen et al., 1992; Marjani, 2010; Hameed et al.,
2002a, b). Diabetes by most estimates is now the most
common cause of liver disease in the US and liver disease
15 an important cause of death m type 2 diabetes
(Marco et al., 1999). Thus, patients with diabetes have a
high prevalence of liver disease and patients with liver
disease have a high prevalence of diabetes. Virtually the
entire spectrum of liver disease 1s seen in patients with
type 2 diabetes. This includes abnormal liver enzymes,
Nonalcoholic Fatty Liver Disease (NAFLD), cirrhosis,
hepatocellular carcinoma and acute lLver failure
(Tolman et al, 2007). Chronic mild elevations of
transaminases are frequently found in type 2 diabetic
patients. However, when the liver fails, there is no

equivalent form of management such as hemodialysis or
retinal photo-coagulation. Thus, diabetic hepatopathy 1s
potentially less common, it may be appropriate for
addition to the list of target organ conditions related to
diabetes, such as glomerulopathy, retinopathy and
neuropathy. However, annual screening for liver disease
might be accomplished by means of a simple biochemical
analyte such as alanine aminotransferase (Athyros et al.,

2006).
Oxidative stress 1s curently suggested as a
mechanism  underlying  diabetes and  diabetic

complications (Halliwell and Gutteridge, 1989). Free
radicals are continually produced in the body as the result
of normal metabolic processes and interaction with
environmental stimuli. Under physiological conditions, a
wide range of antioxidant defences protects against the
adverse effects of free radical production in vive
(Halliwell and Gutteridge, 1989, Mazloom et al., 2011,
Navaei-Nigjeh et al., 2012). Oxudative stress results from
an imbalance between radical-generating and radical-
scavenging systems, i.e., increased free radical production
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or reduced activity of antioxidant defences or both these
phenomena. Tn diabetes, protein glycation and glucose
autoxidation may generate free radicals which mn tum
catalyse lipid peroxidation (Mullarkey et ai., 1990; Baynes,
1991). Moreover, dishwbances of antioxidant defence
systems in  diabetes
antioxident enzymes (Strain, 1991) wmpaired glutathione
metabolism (McLennan et af., 1991) and decreased
ascorbic acid levels (JTennings et al., 1987; Young et al.,
1992). However, an increased oxidative stress in vivo has
never been clearly demonstrated. Several studies in
humans and ammal models using Thiobarbituric Acid
Reactive Substances (TBARS) assay (Velazquez ef al,
1991; MacRury et al, 1993, Griesmacher et al, 1995;
Niskanen ef al., 1995; Ramim ef al., 1996; Kakkar ef al,
1998) have shown mcreased lipid peroxidation in
membranes and lipoproteins in the diabetic state.
However, lipid peroxidation and antioxidant status of
hepatic tissue were studied by Feillet-Coudray et al.
(1999) m experimental diabetes.

Antidiabetic agents have generally been shown to
decrease the levels of serum biomarker of hepatic injury
(Harris, 2005) but these agents can produce serious side
effects (Akhtar and Igbal, 1991). Natural remedies from
medicinal plants are considered to be effective and safe
alternative treatment for hyperglycemia and liver toxicity
(Karim et al., 2011; Sohail et al., 2011). There 1s a growing
interest in herbal remedies because of their effectiveness,
minimal side effects in clinical experience and relatively
low cost. Herbal diugs or their extracts are prescribed
widely even when their biological active compounds are
unknown (Gupta et al., 2005). For example, beneficial
effect of freshly prepared aqueous extracts of Psidium
guajava, Momordica charantia and Coccinia indica
leaves and their combination in STZ-induced diabetes rats
has been proved by (Rafiq et al, 2009). Similarly,
antidiabetic activity of hydro-ethanolic extracts of
Nymphaea stellata flowers has been documented in
alloxan-induced diabetic rats by Rajagopal and Sasikala
(2008). Therefore, studies with plant extracts are useful to
know their efficacy and mechanism of action and safety.

Green tea (leaves of Camellia sinensis, Theaceae) is
a popular beverage in East Asia and also used as a herbal
remedy m Burope and North America. An mcreased
consumption of green tea may reduce the risk of liver
disease (Kilicalp et al., 2009). Population-based clinical
studies have shown that men who drink >10 cups of green
tea per day are less likely to develop disorders of the liver.
Green tea also seems to protect the liver from the
damaging effects of toxic substances such as alcohol
(Iin et al., 2008). Green tea is considered to be
antimflammatory, antioxidative, antimutagenic and

were shown: alteration in

anticarcinogenic (Benelli et al., 2002, Weisburger and
Chung, 2002, Kaur and Saraf, 2011) and can prevent
cardiac disorders. Epidemiologically, 1t has been
suggested that green tea consumption prevents type 2
diabetes (Wu et al., 2004a;, Ryu et al., 2006). Tsuneki ef al.
(2004) demonstrated that green tea produces an
antihyperglycemic effect in STZ-diabetic mice. Crespy and
Williamson (2004) reported that Green Tea Extract
(GTE) displays antioxidants and free radicals scavenger
properties.

Considering the antihyperglycemic properties and
antioxidant activities of green tea, tlus study was
designed to evaluate the hepatoprotective effects of
green tea extract in streptozotocin-induced diabetes of
rats. In this context, green tea can rightly be mentioned as
a plant of considerable interest.

MATERIALS AND METHODS

Chemicals: Streptozotocin was from Sigma (St. Louis,
MO, USA). All other chemicals used were of analytical
grade. All chemicals used in this study were of analytical
grade and obtained from Nanjing Jiancheng
Bioengmeering Institute, Nanjing, China.

Green tea extract: The Green Tea Extract (GTE)was made
according to Maity et al. (1998) by scaking 15 g of mstant
green tea powder in 1 L of boiling distilled water for 5 mm.
The solution was filtered to make 1.5% GTE. This solution
was provided to rats as their sole source of drinking
water.

Induction of diabetes mellitus: Diabetes was induced by
intravenous injection of streptozotocin (Sigma, St. Lows,
Mo, USA) into the tail vein at a dose of 65 mg kg™ body
weight. STZ was extemporaneously disselved m 0.1 M
cold sodium citrate buffer, pH 4.5. After 18 h, animals with
fasting blood glucose levels greater than 16.5 mmol 1.7
were considered diabetic and then mncluded m this study
(Eddouks ef al., 2005).

Animal treatment: This experimental study was carried
out 1n Islamic Azad Umversity Research Center and all
procedures and works on animals was conducted under
Animal Rights Monitoring Committee of the Tslamic Azad
University Research Center.

Forty healthy male Wistar rats (about 180-200 g body
weight) were purchased from Amimal House, Islamic Azad
University. All animals were conditioned at room
temperature at a natural photoperiod for 1 week before
experiment execution. A commercial balanced diet and tap
water ad Ilibifum were provided. The duration of
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experiment was 8 weeks. The rats were randomly divided
into 4 groups (10 rats each) as the following: Group 1,
healthy control rats received distilled water as sole
drinking source; Group 2 non-diabetic rats were treated
with green tea extract (1.5%, w/v) was given in drinking
water, Group 3, diabetic and no treatment was given of
beginmng of experiment, Group 4, diabetic rats were
treated with were treated with green tea extract (1.5%, w/v)
as sole drinking source.

Biochemical factors evaluation: At the end of expeniment,
blood samples were collected from the retro-orbital plexus
and the sera prepared through centrifuging at 2500x g for
15 min at 30°C. Serum biomarkers of liver function
mcluding Alanine Aminotransferase (ALT), Aspartate
Aminotransferase (AST) (Reitman and Frankel, 1957),
Alkaline Phosphatase (ALP) (Kind and King, 1954),
albumin (Lowry et «l, 1951) and total bilirubin
(Malloy and Evelyn, 1937) were measured using
commercially available kits. Aminotransferases (ALT and
AST) were measured to determine the concentration of
intracellular hepatic enzymes that have leaked into the
circulation and serve as a marker of hepatocyte mjury.
ALP and bilirubin were measured to assess biliary
function. Albumin was measured to reflect liver synthetic
function.

Measurement of antioxidant activity: The rat’s liver were
removed immediately and washed in normal saline and
homogenate 10% prepared in 1.15% w/v of potassium
chloride. The homogenate was centrifuged in 7000x g for
10 min at 4°C and supernatant were used for measurement
of oxidative stress by estimation of reduced Glutathione
(GSH) and determination of Malondialdehyde (MDA) as
well as Antioxidant Enzymes (AOE) such as Superoxide
Dismutase (SOD), Catalase (CAT) and Glutathione
Peroxidase (GSH-Px). GSH, MDA, SOD, CAT and GSH-Px
were measured by using commercially available kits
according to the manufacturer’s protocol (Nanjing
Tiancheng Bioengineering Institute, Nanjing, China).
Reduced Glutathione (GSH) content was determined
according to Sedlak and Lindsay (1968). GSH reacts with
5,5'-dithiobis-2-nitrobenzoic acid and the absorbance
spectra of the product have a maximum absorbance at
410 nm. The results were expressed as umol/gwt. Liver
homogenate MDA levels were expressed as nmol MDA
per mg protein and antioxidant activity was expressed as
arbitrary units per mg protein. Degree of lipid peroxidation
in liver tissue homogenates was determined in terms of
Thiobarbituric Acid Reactive Substances (TBARSs)
formation by following the protocol of Esterbaver and
Cheeseman (1990). SOD activity was measured by

Nishikimi Method (Nishikimi et al, 1972) and was
modified by Kakkar Method (Kakkar et al., 1984). Each
unit of SOD activity was determined as required enzyme
concentration for prohibition of creation color at 1 min,
under study conditions. CAT activity was measured by
Claiborne (1983) Method and was based on hydrogen
peroxide breakdown. GSH-Px activity was measured by
Rotruck Method (Rotruck et al, 1973) and was
expressed as micromole of GSSG/min/mg of protein, based
on blew reaction:

21,0 + GSSG — L0, + 2GSH

Statistical analysis: The Statistical Package for Social
Sciences (SPSS Inc., Chicago, IL, USA), Version 13.0 was
used for statistical analysis. All data are presented as
mean=SEM. Before statistical analysis, all variables were
checked for normality and homogeneity of variance by
using the Kolmogorov-Smimoff and Levene tests,
respectively. The data obtained were tested by ANOVA
followed by Tukey’s post-hoc multiple comparison test.
p<0.05 was considered statistically significant.

Microscopic studies: The animals of different groups
were sacrificed under light anesthesia (diethyl ether) 1 day
after the end of the treatment. A small piece of hepatic
tissue from the anterior portion of the left lateral lobe was
removed for lustological analysis. The sample was fixed
by immersing it in 10% neutral-buffered formalin. The
sample was then embedded in paraffin, sliced into 5 um
sections and stained with hematoxylin-eosin for blinded
histological assessment. The degree of liver tissue mjury
was evaluated semiquantitatively according to the method
reported by Jamshidzadeh ef af. (2008). The stamned 5 pm
sections were graded as follows: 0, absent; 1, minimal; 2,
mild; 3, modest; 4, severe. The histological changes were
evaluated in nonconsecutive, randomly chosen x200
histological fields using light microscope, NIKON
ECLIPSE E200.

Statistical analysis: The Statistical Package for Social
Sciences (SPSS Inc., Chicago, TL, USA), Version 13.0 was
used for statistical analysis. All data are presented as
mean+SEM. Before statistical analysis, all variables were
checked for normality and homogeneity of variance by
using the Kolmogorov-Smirnoff and TLevene tests,
respectively. The data obtained were tested by ANOVA
followed by Tukey’s post-hoc multiple comparison test.
The Kruskal-Wallis test followed by Mann-Whitney 1T
post-test was used for the analysis of degree of
histopathological liver injury p<0.05 was considered
statistically sigmficant.
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RESULTS AND DISCUSSION

Table 1 shows the effects of GTE on the serum levels
of markers of iver mpury (ALT, AST, ALP and bilirubim)
in diabetic rats. ALT, AST, ALP and bilirubin serum
contents in Groups 3 was found to be significantly
mcreased as compared to Group 1 (p<0.05) and these
parameters m Group 4 were sigmficantly decreased as
compared to Group 3 (p<t0.05). The albumin serum level in
Group 3 was significantly decreased as compared to
Groups 1 (p<0.05) and this parameter was significantly
mcreased mn Group 4 as compared to Group 3 (p<0.05).

Table 2 shows the effects of GTE on antioxidative
activity in liver tissue of diabetic rats. MDA contents of
the liver tissue in Groups 3 was found to be sigmficantly
increased as compared to Group 1 (p<t0.05) and liver MDA
level in Group 4 were significantly decreased as compared
to Group 3 (p<0.05). The GSH, SOD, CAT and GSH-Px
contents of the liver in Group 3 were significantly
decreased as compared to Groups 1 (p<0.05) and GSH,
SOD, CAT and GSH-Px activity were increased in
Group 4 as compared to Group 3 (p<<0.05).

Pathologically, liver histological structure was normal
n healthy control group (Fig. 1a). In Group 2 also there
were no pathological changes so that hepatic lobular
structure seemed quite normal (Fig. 1b). In Group 3,
diabetic rats showed fatty changes in centrilobular
portions of the livers (Fig. 1c). Finally, in Group 4, GTE
prevented the pathologic changes and no considerable
fatty change was observed (Fig. 1d). Quantitative
microscopic results of experimental rats are shown in
Table 3.

In the current study, significant decline mn serum
albumin level and elevations in markers of liver mjury
(ALT, AST, ALP and bilirubin) reflects the hepatocytes

injuty in experimental diabetes. This result is consistent
with the findings reported by (Ramesh et al, 2007).
Individuals with type 2 diabetes have a higher incidence
of liver function test abnormalities than mdividuals who
do not have diabetes (Harris, 2005). This finding is also in
line with the results. The data of the study also, revealed
that daily treatment of green tea extract markedly improves
biochemical and histopathological status of rats with
streptozotocin-induced diabetes.

Liver Function Tests (ILFTs) are commonly used in
clinical practice to screen for liver disease, momtor the
progression of known disease and monitor the effects of
potentially hepatotoxic drugs. The most common LFTs

Fig. 1. Microscopic appearance from liver tissues of the
experimental rats (H and E, 100x); a) Healthy
control rat liver showing normal hepatocytes; b)
Non-diabetic + GTE (1.5%, w/v) treated rat liver
shows normal appearance; ¢) Diabetic rat liver
showing macrovesicular fatty change in
centrilobular portions; d) Diabetic + GTE (1.5%,
w/v) treated rat liver showing no fatty change

Table 1: Comparison of the effect of GTE on senum markers of liver tissue injury among the experimental groups (mean+8EM)

Biochernical parameters

Total serum
Groups Treatments ALT(UL™Y AST (UL ALP(UL™ bilirubin (Mg dL.™"Y  Albumin (g dL—Y)
1 Healthy control rats T6.622.6 160.3+5 190.87+7.2 0.82+0.04 4.4+40.5
2 Non-diabetic rats + GTE 78.4+£2.9 154.1+4.9 205.444+6.9 0.8+0.07 4.31+0.41
3 Diabetic rats 140.5+3.8 215.8+7.2 265.7+8.5 1.16£0.07 2.89+0.31*
4 Diabetic rats + GTE 78.243.1° 171.944.3" 200.68+£9.1° 0.86+0.05" 3.95+0.35°
ANOVA p=0.000 p=0.000 p=0.000 p=0.000 p=0.000

Table 2: Comparison of the effect of GTE on liver MDA and GSH contents and antioxidant enzymes activities among the experimental groups (mean+SEM)

Riochemical parameters

Groups Treatments

GSH (ug mg™! protein) MDA (nmol g™! protein) SOD (U mg™! protein) CAT (U mg™! protein) GPX (U mg™! protein)

1 Healthy control rats 8.95+0.64 3.5640.16 13.5540.51 62.17+3.12 21.84+1.22
2 Non-diabetic rats + GTE 9.1540.72 3.3340.18 12.9640.43 60.44%1.55 223841 44
3 Diabetic rats 5.80+0.49° 5.4240.21° 8.66+0.31° 49.84+1.16° 17.47+0.63°
4 Diabetic rats + GTE 7.11£0.52° 411£0.25° 10.4720.57 58.2441.56° 19.8241. 148
ANOVA p = 0.000 p=0.000 p = 0.000 p = 0.000 p = 0.000

GTE: Green Tea Extract; p<0.05; *Compared to Group 1, *Compared to Group 3
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Table 3: Effect of GTE on hepatic injuries of diabetic rats (mean+8EM)

Degree of liver  The Kiuskal-
Groups  Treatments tissue injury Wallis test
1 - 0.040.0 p<0.001
2 Healthy control rats 0.0£0.0
3 Non-diabetic rats+GTE 2.80+0.65
4 Diabetic rats 0.85+0.17

0 = Without injury; 1 = Minimum injury; 2 = Mild injury, 3 = Moderate
injury, 4 = Sever injury (n=10); *Compared to Group 1; *Compared to
Group 3

mmclude the serum  aminotransferases, alkaline
phosphatase, bilirubin and albumin  Hepatocellular
damage causes release of these enzymes into circulation.
Increase in serum levels of AST shows hepatic njuries
similar to viral hepatitis, infarction and muscular damages.
ALT which mediates conversion of alamine to pyruvate
and glutamate is specific for liver and is a suitable
indicator of hepatic injuries. Increased levels of these
enzymes are an mdicator of cellular infiltration and
functional disturbance of liver cell membranes
(Drotman and Lawhorn, 1978). In addition, ALP is
membrane bound and its alteration is likely to affect the
membrane permeability and produce derangement in the
transport of metabolites (Mehana et al., 2012). On the
other hand, bilirubin and albumin values are associated
with the function of hepatic cells (Muriel et al., 1992).

Return of the above enzymes to normal serum values
following green tea extract treatment may be due to
prevention of intracellular enzyme leakage resulting
from cell membrane stability or cellular regeneration
(Thabrew ef al., 1987). Effective control of bilirubin and
albumin shows early mmprovement of functional and
secretory mechanism of hepatic cells.

In this study, histopathological evaluation of liver
tissues showed fatty changes in centrilobular portions of
the livers in diabetic rats. These results are in line with the
findings reported by Ramesh et al. (2007) who observed
the hepatoprotective
streptozotocin-mnduced diabetic rats. With green tea
treatment m diabetic rats no considerable fatty change
were observed indicating the protective effect of green
tea against hepatic complications of diabetes. However,
pathologic findings are matched with biochemical results.

In this study, significant (p<0.05) reduction of GSH
and antioxidant enzymes (S0D, CAT and GSH-Px)
activity as well as sigmficant (p<0.05) mcreased lipid
peroxidation reflects oxidative stress of the liver in
experimental diabetes. These results are in line with the
findings reported by Feillet-Coudray et al. (1999) who
observed that STZ-induced diabetes in rat accompanied
with an increase in the susceptibility to lipid peroxidation.
The data of the study also, revealed that daily treatment
of green tea extract markedly improves antioxidant status
of liver tissue of rats with streptozotocin-induced diabetes

action of Umbelliferone in

as GSH level and antioxidant enzymes activities
comprising SOD, CAT and GSH-Px significantly (p<0.05)
increased and MDA level markedly (p<<0.05) decreased.

GSH (an immportant part of the non-enzymatic
antioxidant system) is a major non-protein thiol in living
organisms which plays a central role in co-ordinating the
body’s antioxidant defense processes. Perturbation of
GSH status of a biological system can lead to serious
consequences. Elevation in MDA level and reduction in
GSH stores of liver tissue of diabetic rats suggest that
oxidative stress due to free-radical damage 1s one of the
possible mechanisms in the pathophysiology of diabetic
hepatopathy. On admmistration of green tea extract, the
MDA levels have decreased and the GSH levels have
increased. This indicates that in the presence of green tea
extract there is an improvement in the oxidative stress.
Increased oxidative stress in the tissues of streptozotocin
diabetic rats was similarly reported. This was said to
be a contributory factor m the development of the
complications of diabetes (Kakkaar er af., 1995;
Curcio et al., 1995).

It was observed mn that study that GSH administration
reverses these effects (Curcio ef al., 1995). The data of the
study also revealed that daily treatment of grean tea
extract markedly improves antioxidant status of liver
tissue of rats with streptozotocin-induced diabetes.
Oxidative stress is produced during normal metabolic
process in the body as well as induced by a variety of
environmental factors and chemicals. Oxidative stress has
been shown to have a significant effect in the causation
of diabetes as well as diabetes related complications in
humen bemngs (Wilson, 1998). Oxidative stress in diabetes
has been shown to co-exist with a reduction in the
antioxidant status. The exact role of oxidative stress in the
etiology of human diabetes i1s however, not known.
Oxidative stress has been shown to produce glycation of
proteins, inactivation of enzymes, alterations in structural
functions of collagen basement membrane (Baynes, 1991).
Oxidative stress may have significant effect in the
Glucose Transport Protein (GLUT) or at insulin receptor
(Tacqueline et al., 1997). Scavengers of oxidative stress
may have an effect in reducing the increased serum
glucose level n diabetes and may alleviate the diabetes as
well as reduce its secondary complications. SOD, CAT
and GPx constitute a mutually supportive team of defense
against ROS. SOD 1s a metalloprotein and 1s the first
enzyme involved in the antioxidant defense by lowering
the steady-state level of O,™. In hyperglycaemia, glucose
undergoes autooxidation and produces superoxide and it
produces free radicals that in twn lead to lipid
peroxidation in lipoproteins. CAT is localized in the
peroxisomes or the microperoxisomes which catalyses the
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decomposition of H,O, to water and oxygen and thus
protects the cell from oxidative damage produced by H,O,.
GPx catalyses the reaction of hydroperoxides with
reduced glutathione to form Glutathione Disulphide
(G38G) and the reduction product of the hydroperoxide.
In the study, of these
enzymes 11 liver tissue of streptozotocin-mduced ammals
and attainment of near normalcy m green tea extract
treated rats mndicate oxidative stress elicited in hepatic
tissue of diabetic rats had been nullified due to the effect
of the extract.

However, Evidence suggests that oxidative stress
and free radicals play an important role in the
pathogenesis of diabetes mellitus and  diabetic
complications (Halliwell and Gutteridge, 1989). Liver is
one of the most important organs that maintains blood
glucose levels within normal limits thus enhancement
of blood sugar yield to imbalance of oxidation-reduction
reactions in hepatocytes so that, hyperglycemia through
mcreasing in AGEs (advanced glycation end products)
facilities free radicals production via disturbance in ROS
production (reactive oxygen species) such as SOD and
CAT (Cameron et al, 2005, Kalia et al., 2004,
Tandeleit-Dahm ef ai., 2005). Hence, it reveals that diabetic
hepatic injuries results from several agents and is not
controllable only via inhibition of hyperglycemia
(Liu et al., 2008). Namely although, in early stages of
diabetes, tissues injuries are induced via hyperglycemia
but its progress in latter stages is not related to
hyperglycemia (Vestra and Fioretto, 2003). Therefore,
monitoring of blood glucose levels solely 1s not sufficient
in retarding diabetes complications. Thus, a suitable drug
must have both antioxidant and blood glucose decreasing
properties (Ramesh and Pugalendi, 2006).

Green tea extract contains polyphenols (catechin,
epicatechin, epigallocatechin and their gallates), teanin
and caffeine. The extract also includes pyrroloquinoline
quinone, a newly discovered vitamin (Kasahara and Kato,
2003).

Some constituent components have been shown to
enhance the basal and insulin-stimulated glucose uptake
of rat adipocytes (Wu et al., 2004b) to inhibit intestinal
glucose uptake by mhibiting the sodium-dependent
glucose transporter of rabbit mtestinal epithelial cells
(Kobayashi ef al., 2000) and to reduce serum glucose level
m alloxan-diabetic rats (Sabu et al., 2002). It has been
suggested that catechins, antioxidant compounds present
in green tea may improve the defence system of the
organism as demonstrated in several in vitro and ex vive
models (Salah et al, 1995, Terao et al., 1994; Wang and
Goodman, 1999). Green tea extracts are more stable than
pure epigallocatechin gallate, the major constituents of

decline in the activities

green tea because of the presence of other antioxidant
constituents m the extract (Kaszkin ef al, 2004). In
general, herbal medicines are complex mixtures of different
compounds that often act in a synergistic fashion and
exert their full beneficial effect as total extracts (Loew and
Kaszkin, 2002).

However, a multitude of herbs, spices and other plant
materials as useful source of natural antioxidants have
been described for the treatment of diabetic complications
throughout the world. In this manner, Saradha Devi
(2011) declared that Cynodon dactylon has very good
antioxidant and hepatic protective effect of normal
oxidative stress in Balb/c mice (Saradha et al., 2011).
These similar results were obtammed earlier n dry stem
crude extraction of Tirospora cordifolia and polyphenols
extracts in tea (Frei and Higdon, 2003). Also, Gohil
showed hypoglycaemic and hypolipidemic effects of
Eugenia jambolana seed and Aegle marmelos leaf
extracts in alloxan-mmduced diabetic rats (Gohil et al.,
2010).

Researchers observed that green tea improved serum
biomarkers of liver tissue imjury and histopathologic
properties of this organ. It 1s therefore likely that green tea
is prophylactic against diabetic complications and
diabetic  hepatopathy  through  its
hyperglycemic and antioxidant potential. Therefore, green
tea consumption may be associated with a reduced risk of
diabetic hepatopathy in apparently healthy individuals.
Moreover, researchers speculate that the observed effects

ameliorates

of green tea are primarily due to the promotion of
antioxidant status in peripheral tissues such as liver.
Taken in all, the use of this plant in diabetes is then
supported but the precise active substance (s) of green
tea, site (s) and cellular and molecular mechanism (s) of its
pharmacological effect are still to be determined.

CONCLUSION

This study demonstrated green tea extract has
hepatoprotective  activity in  streptozotocin-induced
diabetic rats. Many question related to antioxidant effect
of green tea extract remain unanswered. Much more
research 18 clearly needed before phytotherapy for
diabetic hepatopathy can be advanced to clinic.
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