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ABSTRACT

In recent years, green tea has become a subject of interest because of its
beneficial effects on human health. The purpose of the present study was to investigate
the effects of daily oral administration of green tea extract for 6 weeks on plasma
glucose, lipid profile and kidney functions in alloxan-induced diabetic rats to show the
preventive and curative effects of green tea.

Rats (130-150 g) were divided into 4 groups, normal control rats, diabetic rats,
diabetic rats post-treated with green tea and diabetic rats pretreated with green tea.
Green tea extract was administered orally for 6 weeks to the third and forth groups
(300 mg/kg b.w,). Plasma glucose, triglycerides, HDL and LDL-cholesterol were
significantly reduced in post-treated and pre-treated groups while plasma cholesterol
was significantly reduced only in post-treated group while plasma creatinine, urea and
uric acid levels were significantly reduced in post-treated diabetic group, but in the
pre-treated group creatinine and uric acid levels were reduced, but urea level did not
change. It is concluded that the consumption of green tea produced a significant
reduction in glucose level in diabetic rats. In addition green tea is capable of
improving hyperlipidaemia and the impaired kidney functions in addition to its
hyperglycemic control.
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INTRODUCTION

Diabetes mellitus is a common disorder associated with markedly increased
morbidity and mortality rate. Diabetes mellitus can be defined as a group of metabolic
disease characterized by chronic hyperglycemia resulting from defects in insulin
secretion, insulin action or both resulting in impaired function in carbohydrate, lipid
and protein metabolism (Zhang et al. 2006).

Green tea (Camellia sinensis) has a long history as a folk remedy, and it is the
most widely consumed beverage in the world but the beneficial medicinal properties
have only been elucidated in the past 20 years (Vinson and Zhang, 2005). Recently
green tea is being widely studied for its beneficial effects in the treatment and
prevention of human diseases Green tea extracts contain a number of components
including catechins, saponins and flavonoids, and it has been demonstrated that
catechins can reduce cellular oxidation (Hara, 2001), blood glucose level (Matsumoto
et al., 1993) and cholesterol absorption (Ikeda et al., 1992). Therefore, it has been
expected that an intake of green tea extract will prevent or delay the onset of diseases
such as cardiovascular diseases diabetes and cancer (Imai et al., 1997). Flavonoids are
known to be effective in removing individual oxygen and free radicals from the lipids
peroxidation step (Blasig et al., 1987). Polysaccharides of green tea have also been
reported to have hypoglycemic activities (Wang et al., 2000). Great advanced studies
have been made to reveal the hypoglycemic effect of tea polysaccharides (Wang et al.,
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2001). An epidemiological study made by Mennen et al. (2003) with 3000 subjects
showed that increased tea drinking is significantly associated with lower levels of
serum glucose and triglycerides. Green tea has been reported to reduce body weight,
body mass index and body fat (Tsuchida et al., 2002) and serum cholesterol level
(Imai and Nakachi, 1995), In addition, Babu et al. (2007) showed that green tea
consumption reduce the blood glucose as well as total cholesterol level and body fat,
also he suggested that green tea may be effective in preventing the development of not
only diabetes but also cardiovascular diseases. Green tea given to normal rats at a high
dose decreased plasma glucose, and triglycerides (Wu et al., 2004).

Tokunagag et al. (2002) showed that green tea consumption has a lowering
effect on plasma cholesterol and triglycerides levels. Erba et al. (2005) studied the
effect of moderate intake of green tea on human health and they found a significant
decrease in LDL-cholesterol. Catechins extracted from green tea have been shown to
normalize plasma cholesterol concentration without affecting HDL-cholesterol
concentration, growth rate and food efficiency in rats (Muramatso et al., 1986). It has
been also reported that ingestion of tea catechins inhibits absorption of lipids/glucose
(Matsumoto et al. (1993). Raederstorff et al. (2003) reported that green tea exerts
hypolipidaemic actions. Tas et al. (2005) reported that green tea inhibited copper-
induced oxidation of low-density lipoprotein (LDL). Furthermore, the polyphenols in
green tea have an antioxidant activity towards low-density lipoprotein (LDL) (Miura
et al., 2000). Yokozawa et al. (2002) found that administration of green tea
polyphenol markedly reduced the susceptibility of LDL to oxidation. Extract of
catechin from green tea was found to decrease the total cholesterol and LDL-fraction
(Zdunczyk et al., 2002).

Plasma Creatinine and blood urea nitrogen levels were found to be reduced by
the administration of green tea polyphenols in alloxan-induced diabetic rats (Sabu
et al., 2002). Clark et al. (2004) reported that diabetic rats treated with green tea
showed a significant reduction in creatinine level, but blood urea statistically did not
change. The anti-platelet cohesion action of catechin enables the kidney malfunctions
resulting from diabetes to return to a normal state (Kwag et al., 2001).

The aim of the present study was to investigate the effects of daily oral
consumption of green tea extract for 6 weeks on plasma glucose, lipid profile and
kidney functions in alloxan-induced diabetic rats to show the curative and preventive
effects of green tea.

MATERIAL AND METHODS

Green tea extract:

Green tea was purchased from a local market and stored in dry atmosphere
and identified by the herbarium staff of Botany department, University of Assuit,
Egypt. Green tea extract was prepared by the modified method of Yang et al. (2001).
Green tea leaves were ground in a miller, at temperature less than 50 C° Tea powder
was extracted with 95% ethanol (1:10w/v) for two days with constant stir.
Suspensions were filtered through Whatman filter paper NO.1 to retain the clear
solution, the residue was extracted again, and the pooled tea extract evaporated under
vacuum below 5°C. The extract was stored at 4°C.

Induction of diabetes:

Male Wistar rats weighting from (130-150g) were housed in standard
conditions and fed with normal diet and water ad libitum .Diabetes was induced in
fasting rats 12h by a single intraperitoneal dose of 150 mg/kg b.w. of alloxan. After



Effect of green tea consumption on level of glucose, lipid profile 127

the injection, they had free access of food and water; the rats were given 5% glucose
solution after 6h. from alloxan injection to drink overnight to counter any
hypoglycemic shock. The diabetic state was assessed by measuring the fasting plasma
glucose concentration 72 h. after alloxan treatment in fasting rats. The rats with a
plasma glucose level above 250 mg/dl were selected for the experiment and
considered as diabetic (Zhang et al., 2004).

Experimental protocol:

The experimental animals were divided into 4 groups; each group contained 10
animals: Control group (normal without treatment), diabetic group (injected with
150mg/kg b.w of alloxan), post-treated group (the rats first were injected with alloxan
then given green tea) for 6 weeks, pretreated group (first, the rats were given green
tea for 6 weeks then injected with alloxan). Green tea extract was given orally to the
rats through a gastric tube daily for 6 weeks at a dose of 300 mg/kg b. w
Collection of blood samples:

At the end of the 6 weeks post-treatment, blood samples were collected by
sacrificing the animals by decapitation and blood was collected in clean EDTA tubes,
then plasma was separated by centrifugation and stored at -20°C.for biochemical
analysis .The pretreated rats with green tea were decapitated after 3 days from the
injection of alloxan and blood samples were collected as mentioned above.
Chemicals:

Alloxan monohydrate was obtained from Sigma Chemicals Company, Egypt.
Kits of glucose, cholesterol, triglycerides, HDL, creatinine, urea and uric acid were
purchased from Spinreact, S.A. Ctra. Santa Coloma, Spain. All other chemicals used
were of analytical reagent grade.

Biochemical analysis:

Glucose determination was carried out according to the method of Trinder,
(1969).

Cholesterol was determined by the enzymatic method as described by
Richmond, (1973), while Triglycerides were determined by the enzymatic
colorimetric method as described by Young, (2001).

Low density lipoproteins (LDL) and very low density lipoproteins (VLDL)
was determined as described by Lopes-Virella, (1977) Creatinine was determined by
kinetic method described by Hare, (1950), while determination of urea was according
to the enzymatic method of Patton, and crouch (1977).Plasma uric acid was
determined by the quantitative determination method of Young, (2001).

Statistical analysis:
Data were statistically analyzed by one-way analysis of variance followed by
Duncant's test (PC-stat computer program). Significant difference (L.S.D) was used to

test the differences among treatments. Results were considered statistically significant
when (P < 0.05).

RESULTS

Effect of green tea extract on diabetic rats:
Glucose:

Administration of green tea extract to the alloxan-induced diabetic rats
significantly decreased the elevation of blood glucose levels in post-treated and pre-
treated rats with green tea, when compared with the diabetic rats. Treatment with
green tea did not decrease blood glucose levels to be like normal, but it is still
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significantly higher than normal Table 1, (i.e) the inhibitory effect of green tea extract
on hyperglycemia, induced by alloxan, was statistically significant.
Lipid profile:

From Table 1 it is shown that, injection of alloxan in normal rats produced
significant increase in plasma cholesterol, triglycerides and LDL-cholesterol levels
compared with normal rats, but plasma HDL-cholesterol level slightly decreased when
compared with normal rats. While post-treatment of diabetic rats with green tea
extract significantly reduced plasma cholesterol and LDL-cholesterol levels when
compared to both diabetic and normal rats, but triglyceride and HDL-cholesterol
levels were significantly reduced compared with diabetic rats only and they were near
to normal levels, as shown in Table 1 . Pre-treatment with green tea did not prevent
the elevation of plasma cholesterol level, and statistically it was not changed when
compared with diabetic rats, and still significantly higher than normal, while plasma
triglycerides and LDL-cholesterol levels were significantly decreased when compared
with diabetic rats, but triglycerids is still significantly higher than normal, and LDL
decreased than normal rats. In contrast, HDL-cholesterol level was significantly
increased when compared with normal and diabetic rats. This means that, pre-
treatment with green tea decreases LDL-cholesterol only.

Creatinine, urea and uric acid:

Post-administration of green tea extract to diabetic rats recorded a significant
reduction in the levels of plasma creatinine, urea and uric acid when compared with
diabetic rats, but plasma urea is still significantly higher than the normal rats, while,
administration of green tea extract normalized the levels of plasma creatinine and uric
acid, as shown in Table 1.

It is also observed that, pre-administration of green tea extract to diabetic rats
recorded a significant reduction in the levels of plasma creatinine and uric acid when
compared with diabetic rats, but they are still significantly higher than normal rats,
while plasma urea level did not change when compared with diabetic rats, and it is still
significantly higher than normal.

Table I: Effect of post-treatment and pre-treatment with green tea extract 300 mg/kg b.w. on the levels
of plasma glucose, lipids profile, Creatinine, urea and uric acid in alloxan —induced diabetic

rats.
parameters normal group Diabetic control Post-treated group re-treated group
mg /dl M=S.E gr oup M=S.E (alloxan pre green tea (Green tea pre alloxan
treatment) M£S.E treatment) M+S.E
Glucose 105.8+6.0 353.8+6.1° 196.7£2.7" 217.8+4.7*#
Cholesterol 104.8+1.7 126.2+4.0° 77.942.0° 124.5+1.5%
Triglycerides 63.6+4.4 137.9+4.7 65.2+1.3" 123.2+3.0%#
HDL.Ch. 56.5+3.6 49.6+£2.0 60.2+1.4" 78.8+1.1*#
LDL.Ch. 35.6£3.3 49.1+3.2° 26.7+0.6" 25.04+0.2%#
Creatinine 0.47+0.04 8.8+0.4" 0.7+0.03" 2.5+0.1%4
Urea 29.8+1.7 76.5£3.2" 60.2+3.9" 77.6+2.4%
Uric acid 1.6%0.1 4.8+0.3" 1.7+0.1% 2.8+0.1%#

Values are expressed as mean + S.E of 10 animals.

Diabetic control is compared with normal.

Treated groups are compared with diabetic control

* Values are statistically significant P"<0.05 when compared with normal.

# Values are statistically significant P”<0.05 when compared with diabetic control.
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Fig. 1: Effect of post-treatment and pre-treatment with green tea extract 300 mg/kg b.w. on the levels
of plasma glucose, lipid profile, Creatinine, urea and uric acid in alloxan —induced diabetic
rats.

DISCUSSION

The present study revealed that green tea extract possesses both preventive and
curative effects on diabetic rats. These findings are in agreement with other
investigators. Gomes et al. (1995) and Wu et al. (2004) found that rats receiving green
tea extract showed rapid normalization of blood glucose level in comparison to
diabetic rats, and they suggested that tea extracts possibly protect the B-cells from the
toxic effect of streptozotocin and also help regeneration of the damaged cells. It is also
documented that the water soluble polysaccharides fraction of green tea is responsible
for its anitdiabetic effect (Isigaki et al., 1991). It has been reported that green tea
polyphenols increase insulin activity in diabetic rats (Anderson and Polansky, (2002).

Intestinal glucose uptake is mainly accomplished by the sodium-dependent
glucose transporter, which was markedly inhibited by green tea polyphenols, thus
decreasing the intestinal absorption of glucose which leads to hyperglycemia (Shimizu
et al., 2000). In the present study, diabetic rats showed constant fasting hyperglycemia
throughout the study and the administration of green tea extract to diabetic rats
reduced the elevation of blood glucose, these are in agreement with the study of
Tsuneki et al. (2004).and Babu et al. (2006) who found that the green tea reduced
blood glucose level in both type 1 and type 2 of diabetic rats models. The
antihyperglycemic effect of green tea constituents was ascribed to the activities of
basal insulin (Wu et al., 2004), inhibition of intestinal glucose transporter (Kobayashi
et al., 2000) and decrease the expression of genes that control gluconeogenesis
(Waltner-Law et al., 2002).

Some studies have shown that catechins can inhibit digestive enzymes such as
salivary amylase, intestinal sucrase and a-glucosidase, suggesting that the reduced
digestibility action of catechins may be responsible for lowering blood glucose levels
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in diabetic rats, and these mechanisms may be responsible for the anti-hyperglycemic
effect of green tea (Liao et al., 2001). It has been reported that the insulin-like action
of polyphenols is involved in the mechanism by which green tea decreases the blood
glucose level (Hosoda et al., 2003). Alloxan produces oxygen radicals in the body,
which cause pancreatic injury which is responsible for increased blood glucose seen in
the diabetic rats (Halliwell and Gutteridge, 1985). Sabu et al. (2002) indicated that
diabetes induced by alloxan was reversed by simultaneous administration of green tea
polyphenol.

The present study revealed that green tea extract normalized cholesterol,
triglycerides and LDL-cholesterol below the levels obtained in the diabetic rats after 6
weeks of treatment, but the extract did not prevent the elevation of HDL-cholesterol
when compared with diabetic rats. Previous studies showed that catechin extracted
from green tea normalized plasma cholesterol concentration without affecting HDL-
cholesterol concentration in rats (Cao and Cao, 1999) and also decreases the total
cholesterol and LDL fraction (Zdunczyk et al., 2002).It was reported that green tea
exerts hypolipidaemic action and its extract normalized plasma triglycerides and
cholesterol concentration (Raederstorff et al., 2003). Aviram et al. (1998) reported that
paraoxonase (PON1) is an antioxidant enzyme that protects lipoproteins against
oxidative modification. Green tea might directly increase serum paraoxonase activity
because antioxidant molecules such as flavonoids were shown to preserve
paraoxonase activity (Aviram et al. 2004). Tas et al. (2005) suggested that green tea
might also exert its beneficial effects on serum paraoxonase activity by its
antihyperglycemic, antihyperlipidaemic and, thus, antioxidative action. Furthermore,
Raederstorff et al. (2003) suggested that green tea might decrease intestinal absorption
of lipids. Also it was reported that diabetes is seriously related to oxidative stress and
diabetic patients are more sensitive to oxidative stress than healthy individuals
(Baynes, 1991). Furthermore, oxidative imbalance, in which free radical removers are
weakened and free radical generators are activated, promotes the generation of
oxidized low-density lipoprotein (oxi-LDL) (Steinberg et al., 1989).

Stanely Mainzen Prince et al. (2004) had noticed the elevation of serum lipids
in alloxan-induced diabetic rats, and reported that lipids play an important role in the
pathogenesis of diabetes mellitus. The abnormal high concentration of serum lipids in
diabetes is mainly due to the increase in the mobilization of free fatty acids from the
peripheral depots due to insulin absence, since insulin inhibits the hormone sensitive
lipase and catecholamine. The marked hyperlipedaemia that characterizes the diabetic
state may therefore be regarded as a consequence of the uninhibited actions of
lipolytic hormones on the fat depots (Al-Shamaony et al., 1994). Rupasinghe et al.
(2003) reported that saponins, flavonoids, phenolic compounds and glycosides have
hypolipidaemic and hypocholesterolaecmic effects (Rupasinghe et al., 2003). Hence, it
may be concluded that the hypolipidaemic effect produced by the green tea extract
may be due to the presence of flavonoids, saponins and glycosides.

Plasma uric acid and creatinine can be used as a rough index of the glomerular
filtration rate (Hernandz and Coulson, 1967). High levels of uric acid and creatinine
indicates several disturbances in kidney (Maxine and Benjamin, 1985). In the present
study alloxan-induced diabetes caused increasing plasma levels of creatinine, urea and
uric acid, and also alloxan produces oxygen radicals and oxidative stress in the body,
(Halliwell and Gutteridge, 1985). Choi et al. (2004) reported that the catechin in green
tea is clearly effective in reducing oxidative stress and inflammatory reactions in
kidney tissue. Another interpretation made by Kwag et al. (2001) was reported that
green tea catechin has been found to improve the ratio of prostaglandin
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I/thromboxane A, by controlling the cyclooxygenase way of the arachidonic acid in
the microsomes and glomeruli of diabetic rat kidney. Therefore the catechin enables
the kidney malfunctions resulting from diabetes to return to normal state.

It is concluded that the consumption of green tea produced a significant
reduction in glucose level of diabetic rats. Also green tea is capable of improving
hyperlipidaemia and the impaired kidney functions. In addition, the pretreatment of
rats with green tea for 6 weeks before induced diabetes is effective in controlling the
hyperglycemia and hyperlipidaemia.
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