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Background: Panax ginseng root  contains insulin like 

substances beside  a mixture of saponin compounds 

responsible for its antioxidant activity. Objectives: The 

present work was carried out to investigate the effect of 

ginseng root extract (GRE) on some biochemical 

parameters in alloxan induced diabetic rats. Methods: 

Rats were divided into two main groups, the first group 

(control group) and the second group (diabetic group) in 

which the healthy rats were rendered diabetic, after 18 

hours fasting, by a subcutaneous injection of a single dose 

of alloxan (120 mg/kg Body Weight “BW”). Three 

diabetic subgroups were treated orally with a daily dose of 

GRE (100 mg/kg BW) for 7, 14, and 21days, respectively. 

However, three subgroups were left diabetic without 

treatment for 7, 14, and 21 days. Results: Glucose 6-

phosphate dehydrogenase (G6PDH) and 6-phospho-

gluconate dehydrogenase (6PGDH) activities were 

significantly (P<0.0001) increased in the kidney extract of 

the diabetic rats after one week of diabetes induction. 

However, their activities in the liver extract were 

significantly decreased. Treatment of diabetic rats with 

GRE for 3 weeks showed restoration of the activities of 

G6PDH and 6PGDH in both kidney and liver. The 

abnormal elevations of kidney weight and the levels of 

glucose, glucose-6-phosphate, fructose and sorbitol in the 

kidney were markedly improved after treatment of 

diabetic rats with GRE. In addition, the level of serum 

glucose and potassium were significantly (p<0.0001) 

increased in all diabetic groups compared to control group. 

Conversaly, serum sodium level was decreased 

(hyponatreimia) in all diabetic groups. Treatment of 

diabetic rats with a single daily dose of GRE (100mg/BW) 

improved the abnormal changes of these parameters over 

all the periods of treatment especially after the 21 days of 

treatment. 
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INTRODUCTION 
 

Diabetes causes a number of changes 

to the body's metabolism and blood 

circulation, which likely combine to produce 

excess reactive oxygen species. These changes 

damage the kidney's glomeruli which lead to 

the hallmark feature of albumin in the urine 
(1)

.  

Accumulating evidences have indicated that 

Panax ginseng (Panax quinqrfolius), Family: 

Araliaceae (ginseng) possesses significant 

hypoglycemic activities 
(2-5)

. Panax ginseng is 

a widely used traditional herb medicine 
(6, 7)

.  

Junsang et al. 
(8)

 reported that venous 

administration of water soluble ginseng 

pharmacopuncture is the safe modality of 

treatment. Ginseng root contains a number of 

physiologically important substances 

including insulin like substances which have 

been reported to alleviate symptoms of a 

variety of degenerative diseases such as 

diabetes 
(9-11)

. The most active component of 

ginseng root is a mixture of saponins called 

ginsenosides which have been reported to be 

responsible for antioxidant, antiperoxidant and 

organ protective actions of ginseng 
(12-16)

. 

These actions of ginseng are linked to 

enhanced nitric oxide (NO) synthesis in 

endothelium of lung, heart and kidney 
(17)

. 

Previous studies showed that ginseng 

promotes the synthesis of DNA, RNA and 

protein 
(18)

, beside decreases platelet 

adhesiveness in 66% hepactomized rats 
(19)

. 

An alkaline fraction separated by ion 

exchange chromatography from water extract 

of Panax ginseng root stimulated the 

proliferation of baby hamster kidney –21 cells 
(20)

. The study of  Sohn et al.
(21) 

demonstrated 

that proliferation of human renal cells 

carcinoma cells were inhibited by lipid soluble 

components  of panax ginseng root. Also, it 

has been demonstrated that panax ginseng 

extract has an antinephrotoxic action against 

the nephrotoxicity of streptozotocin-induced 

diabetes in rats 
(22)

. The renal complications of 

diabetes include a rapid initial hypertrophy in 

the short term and severe structural and 

pathophysiological damage in the long term 
(23)

. Diabetic nephropathy (DN) is a 

progressive kidney disease caused by damage 

to the capillaries in the kidneys' glomeruli. It is 

characterized by nephritic syndrome and 

diffuse scarring of the glomeruli 
(24)

. As 

diabetic nephropathy progresses, a structure in 

the glomeruli knowen as the glomerular 

filtration barrier (GFB) is increasingly 

damaged 
(1)

. Therefore, the present study was 

undertaken to examine the impact glycemic 

control of GRE on attenuation of the 

progression of renal hypertrophy in alloxan–

induced diabetic rats. This could be 

investigated through in vivo effect of the GRE 

on some biochemical parameters including the 

activity of glucose-6-phosphate 

dehydrogenase, 6-phosphogluconate 

dehydrogenase in the kidney and liver. The 

kidney weight and the levels of serum sodium 

and potassium and levels of glucose, glucose-

6-phosphate, sorbitol and fructose in kidney 

tissue were determined. 

MATERIALS AND METHODS 

Chemicals, reagents and medicinal plants   

The kits of: Glucose oxidase, Sodium 

dependent β-galactosidase, Potassium 

dependent pyruvate kinase, Glucose-6-

phosphate dehydrogenase assay, 6-

phosphogluconate dehydrogenase assay, 

glucose-6-phosphate, Sorbitol and Fructose 

determination  were purchased from 

Sigma(USA).Panax ginseng was obtained as 

brown powder from EPICO Co. for medicines, 

10th of Ramadan, Egypt. Panax ginseng was 

freshly prepared by dissolving the powder in 

double distilled (ddH2O) water.   

Animals and experimental design 

Sixty male sprague - dawley strain rats 

(weighing between 100-120 g) were obtained 

from the Animal House of Faculty of 

Medicine, Alexandria university, Alexandria, 

Egypt. The rats were housed in standard 

cages; the rats were given ad libitum access to 

food and water. After a period of one week of 

acclimation, animals were divided into two 



                                                                    
 

main groups. The first group (6 rats) was used 

as control (C) and received double distilled 

water (ddH2O) as vehicle. The second group 

(54 rats) was rendered diabetic, after 18 hours 

fasting, by subcutaneous injection with a 

single dose of alloxan (120 mg/Kg BW) (25). 

Since the induction of diabetes was judged 

after 3 days by determination of glucose in 

blood samples collected from the tail vein of 

each rat. The rats which exhibited blood 

glucose levels higher than 300 mg/dl were 

selected. These diabetic rats (42 rats) were 

divided into six groups (7 rats each). The 

groups (1, 2 and 3) were left as diabetic rats 

without any treatment for 7, 14 and 21 days, 

respectively. While, groups (4), (5) and (6) 

were  orally treated with a daily dose of 

100mg GRE/Kg BW  for 7, 14 and 21 days, 

respectively.  

 At the end of the experimental periods 

the diabetes induction, the rats had been fasted 

for 12h before cervical decapitation.  Then the 

rats were cervical decapitated immediately 

after anesthesia using diethyl-ether as a 

volatile inhalational anesthetic agent. Blood 

samples were collected from each rat 

immediately after cervical decapitation and 

each sample was collected into clean tube. The 

blood samples were allowed to coagulate and 

then centrifuged at 3000 rpm for 5 min. The 

resulting supernatants, the sera, were carefully 

removed using a Pasteur pipette and kept at -

20°C until used for the estimation of serum 

levels of glucose, sodium and potassium. 

Livers and kidneys were excised, weighed and 

washed using chilled saline solution. Kidney 

weight, and kidney levels of glucose, glucose-

6-phosphate, sorbitol and fructose were 

determined, as well as the activities of 

glucose-6-phosphate dehydrogenase and 6-

phosphogluconate dehydrogenase in kidney 

and liver.  

Preparation of tissue sample 

  The livers or kidneys were minced and 

homogenized in 0.32M sucrose /3mM MgCl2 

/2 mM EDTA /20 mM Tris HCl, pH 7.4 to 

obtain a 5% (w/v) extract. The homogenate 

was centrifuged at 1000 xg for 10 min. at 4 
o
C, 

the supernatant was further centrifuged at 

100,000 xg for 30 min at 4
 o

C, and the 

supernatant (cytosolic fraction) was used for 

the assays of glucose-6-phosphate 

dehydrogenase (G6PDH) and 6-phospho-

gluconate dehydrogenase (6PGDH) in the 

extract of the excised livers and kidneys. For 

kidney metabolites assay, 0.2 g of a fresh 

kidney was homogenized using 2 ml 

triethanolamine-HCl buffer (pH 7.5) then 

deproteinized using 2 ml perchloric acid 

followed by neutralization using 2 ml KOH. 

Then 6 ml of H2O was added, mixed then 

centrifuged 
(26)

. The separated supernatant was 

used for the determination of glucose, 

Glucose-6-Phosphate, sorbitol, and fructose. 

Biochemical analysis 

         Serum glucose level was 

measured using glucose oxidase kit (27).  

Sodium serum level was determined via 

sodium dependent β-galactosidase activity 

using ortho-Nitrophenyl-β-galactoside 

(ONPG) as substrate (28). Serum potassium 

was determined   via enzymatic determination 

of potassium dependent pyruvate kinase kit 

using phosphoenol pyruvate as a substrate, in 

a subsequent indicator reaction catalyzed by 

lactate dehydrogenase (LDH), the potassium 

dependent pyruvate is measured in terms of 

decrease of the NADH 
(29)

.   

The activities of of glucose-6-

phosphate dehydrogenase (G6PDH) and 6-

phospho-gluconate dehydrogenase (6PGDH) 

in the tissue of livers and kidneys were 

estimated 
(30)

. For the enzyme assay kits, the 

reduction of NADP was measured 

spectrophotometrically. A unit of enzyme 

activity is defined as 1µ mole of product 

formed per min at 25 
o
C. The assay of each 



                                                                    
 

enzyme was run in each homogenate and the 

activities were expressed as unit /g fresh 

tissue. Glucose in kidney was determined 

using hexokinase and glucose-6-phosphate 

dehydrogenase 
(31)

. Glucose-6-Phosphate was 

determined as it is oxidized to 6-phospho-

gluconolactone which is converted 

spontaneously into 6-phosphogluconate 
(32)

.  

D-Sorbitol assay kit was used for sorbitol 

determination in kidney, and Fructose assay 

kit was used for fructose estimation in kidney 
(33-34)

.   

 Statistical analysis 

Statistical analyses were performed 

using the SPSS statistical software package 

(Statistical package for the Social Sciences, 

Salem, OR, USA). Data were presented as 

means with their standard errors. Normality 

and homogeneity of data were confirmed 

before ANOVA; differences among the 

control, diabetic and treated groups were 

assessed by one-way ANOVA followed by 

Scheffe test to analyze specific differences 

between means. 

RESULTS 

        Diabetic rats left without treatment in the 

groups (1), (2) or (3) were characterized by a 

significant (P<0.0001) increase in their kidney 

weight compared to the control group (C) 

(Table 1). Table (1) illustrates also a highly 

significant (P<0.0001) increase in the glucose 

levels,  observed in serum of diabetic rats in 

the same groups (1), (2) and (3)  as compared 

with the control (C)  group. Concerning serum 

sodium and potassium, hyponatremia and 

hyperkalemia were obviously observed in the 

three diabetic groups. The results showed also 

that there was a significant (P<0001) decrease 

in serum glucose level in treated diabetic 

groups (4), (5) and (6) which received daily 

treatment dose of GRE (100mg GRE/Kg BW)  

for 7, 14, 21 days respectively, as the glucose 

level was decreased to 23 %, 75 % and 77% as 

compared with the corresponding untreated 

diabetic groups (1),(2) and (3), respectively 

(Table 1).  

         Table (2) showed that the activities of 

both G6PDH and 6PGDH in the kidney of 

diabetic rats (group 1) significantly 

(P<0.0001) increased 100% above that of the 

control group. In the group (3), less 

pronounced changes in the activities of these 

enzymes were observed. Comparing the 

enzyme changes in the kidney with those 

occurring in the liver at the same periods, it is 

clearly revealed that in contrast to kidney, the 

two liver  dehydrogenases  significantly (P 

<0.0001) decreased (Table 2). The results of 

the present study showed that the levels of 

glucose, glucose-6-phosphate, fructose and 

sorbitol in kidney tissue were significantly 

(P<0.0001) increased over all the three periods 

of alloxan diabetes (Table 3). 

 DISCUSSION 

The effect of different periods of 

diabetes alloxan-induced diabetes and 

treatment with ginseng on the kidney weight 

and serum glucose, sodium and potassium are 

shown in Table (1). Diabetic rats in the groups 

(1), (2) or (3) were characterized by a 

significant (P<0.0001) increase in their kidney 

weight compared to the control group (C). 

These results are in agreement with a previous 

study 
(35)

.  Diabetic renal changes are 

characterized by a progressive loss of renal 

function, oxidative stress, chronic 

inflammation, vascular remodeling, 

glomerulosclerosis, tubulointerstitial fibrosis 

and overt proteinuria 
(36)

. It is clearly noticed 

that, the increase in kidney weight in the three 

diabetic groups paralleled with the increase in 

serum glucose level (Table 1). This is 

consistent with that previously reported 
(37)

. 

The study of Paeivaensalo 
(38)

 have 

demonstrated that the diabetics had 4.8% 

larger kidneys (P<0.039). He also reported 

that the fasting blood glucose level is the most 

significant factor associated with enlarged 

kidney size.  The decrease in serum sodium 

level (hyponatremia) and the increase in serum 

potassium level (hyperkalemia) were 

obviously observed in the three diabetic 

groups. These findings are correlated well 

with the work done by other investigators 
(39, 

40)
. The results in Table (1) showed that there 



                                                                    
 

was a significant (P<0001) decrease in the 

serum glucose level in the diabetic groups (4), 

(5) and (6) which treated with GRE for 7, 14 

and 21 days, respectively. Since glucose level 

was decreased to 23 %, 75 % and 77% as 

compared with the corresponding untreated 

diabetic groups (1), (2) and (3), respectively. 

This indicates that the hypoglycemic effect of 

ginseng exerts in a time dependant manner. 

Jenkins et al. 
(41)

 have demonstrated that the 

American ginseng attenuated postprandial 

glycemia in a time-dependant but not dose 

dependent manner in healthy individuals. The 

improvement in glucose level was associated 

with the improvement in serum Na+, K+ and 

kidney weight of treated groups (4), (5) and 

(6) (Table 1). This demonstrates that the 

glycemic control of ginseng may attenuate the 

increase in kidney weight, hyponatremia and 

hyperkalemia induced by alloxan. Nariman 
(42)

  

demonstrated that ginseng intake to 

streptozotocin-diabetic rats significantly raised 

the serum sodium level and restored potassium 

concentrations to the normal values. These 

data supported the contention that ginseng 

potentially activates Na+ - K+ ATPase, as 

reported by Jin and Ski
 (43)

. Mansour and 

Newairy 
(44)

 have indicated that oral 

administration of an aqueous extract of 

Balanites aegyptiaca fruits (mesocarp) caused 

significant increase in body weight and could 

normalize hyponatremia and hyperkalemia in 

streptozotocin –diabetic rats. 

The activity of the enzymes catalyzing 

the oxidative segments of pentose phosphate 

pathway was increased in the rat kidney 

during the first 7 days after the induction of 

diabetes 
(37)

. Thereafter, the enzyme activities 

returned towards control.  The activities of 

both G6PDH and 6PGDH in the kidney of the 

diabetic rats (group 1) significantly 

(P<0.0001) increased 100% above that of the 

control group (Table 2). Interestingly, the 

increases in the activities of kidney G6PDH 

and 6PGDH are corresponded to the changes 

in two parameters. The first is: the highly 

significant lowering of serum Na
+
 (Table1), 

this is in line with the known effect of sodium 

depletion on the activities of these enzymes. 

The second is: very marked increase in the 

kidney weight (Table 1). In the group (3), less 

pronounced changes in the activities of these 

enzymes were observed. It has been reported 

that the increase in kidney weight in diabetic 

rats is associated with an increase in the renal 

protein mass 
(45, 46)

 and this may be due to 

decrease in degradation of intracellular protein 
(47)

. In addition, a decrease in protein turnover 

caused by inhibition of proteases contributes 

to renal hypertrophy 
(48)

.  

The diabetic rats which treated with 

ginseng (groups 4, 5 and 6) exhibited a 

marked decrease in the activities of both 

kidney dehydrogenases (Table 2). Moreover, 

the treatment for 21 days showed 

normalization in the activities of the two 

enzymes. A comparison  between the enzyme 

changes in the kidney with those occurring in 

the liver at the same periods, clearly revealed 

that in contrast to kidney, the two liver 

dehydrogenases significantly (P <0.0001) 

decreased (Table 2). It was well established 

that the diabetes causes a depression in the 

activity of G6PDH in the liver of diabetic rats 
(49)

.  Therefore, the early changes in the 

activities of the two dehydrogenases in the 

kidney of diabetic rats (Table 2) are 

specifically related to the diabetes and are not 

to short term toxic effect of alloxan itself. 

Table (2) also illustrates that ginseng intake 

caused a significant increase in the activities 

of liver dehydrogenases. The diabetic group 

(group 6) which received the extract for 21 

days showed restoration in the activities of 

their liver dehydrogenases to the control value. 

Previous studies on the hypoglycemic effects 

of medicinal plants exert their hypoglycemic 

effects in association with a significant 

increase in the activity of liver G6PDH 
(50-52)

. 

Previous study 
(53)

 reported that ginseng can 

improve hyperglycemia in mice by blocking 

intestinal glucose absorption and inhibiting 

hepatic glucose-6-phosphatase. 

         The levels of glucose, glucose-6-

phosphate, fructose and sorbitol in kidney 

tissue were significantly (P<0.0001) increased 

over all the three periods of alloxan diabetes 

(Table 3). These substances are significant to 

pentose phosphate pathway, since they act as 

substrates or as acceptors of the NADPH. 



                                                                    
 

Ludivigson and Sorenson 
(54)

 have pointed out 

that the rise in the content of sorbitol and 

fructose shows an increased activity of the 

sorbitol rout. This is in line with the known 

aldose reductase content of the kidney, its high 

Km for glucose and the high intracellular 

glucose concentration. Previous study on renal 

hypertrophy in experimental diabetes 

demonstrated that, the enzyme aldose 

reductase (AR) associated with polyol 

pathway, and oxidative stress is known to play 

an important role in the complications of 

diabetes 
(55)

. This enzyme catalyzes the 

reduction of glucose to sorbitol which is 

subsequently converted to fructose by sorbitol 

dehydrogenase (SDH). Both aldose reductase 

(AR) and SDH constitute the sorbitol (polyol) 

pathway whose acceleration has been 

postulated to play a key role in the 

pathogenesis of diabetic complications 
(56)

. 

The study of Hodgki et al.
 (57) 

showed that 

diabetic patients with nephropathy exhibit 

marked disturbances in the expression of 

enzymatic components of sorbitol pathway. 

Wallner et al. 
(58)

 have also reported that AR is 

up-regulated during hyperglycemia in 

streptozotocin-induced diabetes in mice.  The 

increase in the content of kidney G6P is 

significant in relation to the rise in flux 

through the phosphate pentose pathway 
(37)

. 

Meyer et al. 
(59)

 have concluded that in type 2 

diabetes, both liver and kidney contribute to 

glucose over-production and that renal glucose 

uptake is markedly increased. The later may 

suppress renal free fatty acids uptake via 

glucose–fatty acid cycle and explain the 

accumulation of glycogen commonly found in 

diabetic kidney. Administration of diabetic 

rats with GRE for 21 days could restore the 

elevated levels of the four measured 

metabolites to the normal values (Table 3). 

Ginsenosides, the most active component of 

GRE, have been found to inhibit glucose 

uptake in primary cultured rabbit renal 

proximal tubular cells 
(60)

. 

Generally, the present results clearly 

demonstrated the close relationship between 

the hyperglycemia and the change in the other 

parameters measured in the blood and kidney 

of diabetic rats. This was obviously observed 

in the diabetic group (1), i.e.: in the early stage 

of the alloxan–induced diabetes. Therefore, 

diabetic renal hypertrophy might be 

experimentally induced and established in the 

present study. Normalization of all parameters 

21 days post-treatment with GRE suggests that 

the diabetic renal hypertrophy might be 

reversed. Previous study of Christoph et al. 
(47)

 

showed that, the renal hypertrophy in 

streptozotocin–injected rats was prevented by 

insulin treatment. The presence of insulin –

like substances in GRE as previously reported 
(61)

 may be a possible explanation for its 

capacity for attenuating the progression of 

diabetic renal hypertrophy. Yuan and Chung 
(62)

 have shown that the protective effect of 

GRE against STZ-induced pancreatic -cell 

damage by inhibiting the NF-_B activity. 

Finally, effects of GRE were reflected in the 

alleviation of the diabetes induced renal 

abnormalities of the studied biochemical 

parameters.  

CONCLUSION  

 The glycemic control of ginseng may 

attenuate the progression of experimentally–

induced diabetic renal hypertrophy as 

confirmed by decreasing kidney weight and 

inhibition of the activities of kidney G6PDH 

and 6PGDH In addition the improving 

hyponatremia and hyperkalemia beside the 

reduction of kidney content of glucose, 

glucose-6-phosphate, fructose and sorbitol. 

However, further biochemical and histological 

studies are required to provide additional 

evidence (s) for the efficiency of ginseng to 

ameliorate the complications associated to 

diabetes.   
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Table 1: Changes in the serum levels of glucose, K
+ 

 and Na
+ 

 and kidney weight of rats in 

different experimental groups. 

 

 

Assayed 

Paramete

rs 

 

Experimental groups 

Control 

(C) 

   Diabetic   

7 days 

(1) 

GRE 

treated 

7 days 

(4) 

Diabetic 

14 days 

(2) 

GRE 

treated 

14 days 

(5) 

Diabetic 

21 days 

(3) 

GRE 

treated 

21 days 

(6) 

glucose 

(mg/dl) 

 
84.49.8 

346.320.

6
a
* 

272.715.8
b

** 

37815.6
a

* 

93.0216.7
b

* 

378.813.3
a

* 
86.94.9

b
* 

K
+
 

(mg/dl) 
17.10.8

6 

21.40.76
a

* 

19.810.5
b
*

** 

21.10.76
a

* 

18.170.8
b
*

* 
19.230.9

a
* 

15.681.07
b

** 

Na
+
 

(mg/dl) 
336.710 

295.37.5

6
a
* 

313.73.15
b

** 

312.73.5
a

* 
3263.7

b
** 

318.145.6
a

* 

333.46
b
**

* 

 Kidney 

wt. 

(gm) 

0.820.0

8 

1.180.12
a

*
 

 

0.920.04
b
*

* 
0.980.06 0.90.12 0.980.1 0.960.02 

Values are means  S.D. 

A: The means are significantly different from control 

B: The means are significantly different from diabetic group 

*: P<0.0001, **: P<0.001, ***:P<0.01 

P>0.05 is non-significant difference. 

Table 2: Changes in the activities of G6PDH and 6PGDH in kidney and liver of different 

experimental groups. 

 

Paramete

r 

Experimental groups 

Control 

(gp C) 

   Diabetic   

7 days 

(gp 1) 

GRE 

treated 

7 days 

(gp 4) 

Diabetic 

14 days 

(gp 2) 

GRE 

treated 

14 days 

(gp 5) 

Diabetic 

21 days 

(gp 3) 

GRE 

treated 

21 days 

(gp 6) 

G.6.PDH 

in liver 

(U/g 

tissue) 

 

3.120.2

3 

2.410.12
a
*

* 
2.810.09

b
* 2.130.24a* 

2.390.39
b
*

* 

2.040.13
a

* 
2.930.18

b
* 

6 PGDH 

in liver 

(U/g 

tissue) 

 

5.160.4

6 
3.670.11

a
* 4.260.27

b
* 3.490.36a* 

4.580.45
b
*

** 

3.330.10
a

* 
5.050.30

b
* 



                                                                    
 

6PGDH 

in kidney 

(U/g 

tissue) 

 

0.950.0

6 

1.920.076
a

* 

1.620.064
b

** 

1.650.082a

* 

1.190.054
b

* 
0.990.061 

1.170.066
b

** 

G6PDH 

in kidney 

(U/g 

tissue) 

0.790.0

3 
1.590.05

a
* 

1.390.05
b
*

* 
1.60.02a* 

1.110.038
b

* 

1.300.027
a
* 

0.80.038
b
* 

Values are means  S.D. 

A: The means are significantly different from control 

B: The means are significantly different from diabetic group 

*: P<0.0001, **: P<0.001, ***:P<0.01 

P>0.05 is non-significant difference.  

 

Table 3: Changes in the levels of sorbitol, fructose, glucose and G6P in kidney tissue of 

different experimental groups. 

Experimental groups 

 

Parameter 
GRE treated 

21 days 

(gp 6) 

Diabetic 

21 days 

(gp 3) 

GRE 

treated 

14 days 

(gp 5) 

Diabetic 

14 days 

(gp 2) 

GRE 

treated 

7 days 

(gp 4) 

   Diabetic   

7 days 

(gp 1) 

Control 

(gp C) 

45.932.68
b
* 

69.522.16
a

* 

53.421.51
b

* 

66.171.19
a

* 

54.231.89
b
*

* 

59.081.09
a

* 
45.953.62 

Sorbitol 

(g/g) 

 

0.290.009
b
* 

0.510.009
a

* 

0.360.004
b

* 

0.500.008
a

* 
0.430.002

b
* 

0.460.004
a

* 
0.310.02 

Fructose 

(g/g) 

 

1.890.4
b
* 4.140.43

a
* 

2.320.13
b
*

* 
3.730.48

a
* 1.90.3

b
** 4.340.33

a
* 0.740.13 

Glucose in 

tissue 

(mg/g) 

 

0.012 

0.0021
a
* 

0.035 

0.0015
a
* 

0.017 

0.0016
b
* 

0.029 

0.0029
a
* 

0.018 

0.0034 

0.025 

0.0013
a
* 

0.010.002 
G.6.P 

(g/g) 

Values are means  S.D. 

a: The means are significantly different from control 

b: The means are significantly different from diabetic group 

*: P<0.0001, **: P<0.001, ***:P<0.01 

P>0.05 is non-significant difference.  

 


