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ABSTRACT 
 

This experiment was conducted to demonstrate the effects of streptozotocin-induced diabetes mellitus (DM) 
and lipoic acid on selected oxidative stress biomarkers in liver of rats. The obtained results showed that DM 
caused reduction of colorimetrically measured glutathione S-transferase, glutathione peroxidase activities and 
reduced glutathione content, while it significantly increased the lipid peroxidation in liver of rats. Lipoic acid 
supplementation resulted in amelioration of the mentioned adverse effects. 
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Introduction 
 

Diabetes Mellitus (DM) is a syndrome characterized by abnormal insulin secretion, action or both with 
derangement in carbohydrate, lipid and protein metabolism and is diagnosed by the presence of hyperglycemia 
(Bell, 2003).  Diabetes is a major worldwide health problem predisposing to markedly increased atherosclerosis, 
coronary heart disease and mortality related to development of nephropathy, neuropathy and retinopathy 
(Zimmet et al., 1997). The same authors revealed that, the prevalence of type II DM among adults varies from 
less than 5% to over 40% depending on the population in question. Consumption of lipoic acid has a role in 
treating liver cirrhosis, improved mitochondrial function, neuroprotection, diabetes and hypertension (Bilska 
and Woldek 2005). 
 
Material And Methods 

 
Chemicals:  

 
Streptozotocin, (STZ) [2-deoxy-2- (3-methyl-3nitrosoureido)-D-glyco pyranoside], as a diabetogenic agent, 

was purchased from Sigma Company. This agent was injected intraperitoneally into 16 hours fasted rats at a 
single dosage of 45 mg/kg b. wt. dissolved in citrate buffer (pH 4.5; El-Seifi et al., 1993). Three days after 
streptozotocin injection, rats were screened for blood glucose levels. Overnight fasted (12 hours) animals’ blood 
samples were taken from orbital venous sinus and kept without anticoagulant at room temperature for one hour 
then centrifuged and serum glucose concentration was measured. Rats having serum glucose more than 300 
mg/dl were considered as diabetic and included in the experiment. 
 
Animals:  
 

The present study was carried out on 40 White male albino rats (Rattus norvegicus) weighing about 200-
230g. The chosen animals were housed in metal (stainless steel) separate bottom cages at normal atmospheric 
temperature (25  5C) as well as under good ventilation and received water adlibitum and standard balanced 
diet for two weeks before the start of experiment for acclimatization and to ensure the normal growth and 
behaviour as well as exclude any intercurrent infection.  

The animals were divided into 4 groups. 
Group I: 10 rats were fed on basal diet and served as control. 
Group II: 10 rats were injected intraperitoneally by Streptozotocin, (STZ) at a single dosage of 45 mg/kg 

b. wt. dissolved in citrate buffer (pH 4.5; El-Seifi et al., 1993).  
Group III: 10 rats were fed on basal diet containing 500 mg of lipoic acid powder per kg diet daily through 

out the experiment (Adil et al., 2003). 
Group IV: 10 rats were injected intraperitoneally by Streptozotocin, (STZ) at a single dosage of 45 mg/kg 

b. wt. dissolved in citrate buffer (pH 4.5) and fed on basal diet containing 500 mg of lipoic acid powder per kg 
diet given daily throughout the experimental period - after 3 days of diabetes induction. All rats were housed in 
automatic boxes and kept under the same conditions of light and climate during the experimental period (60 
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days). At the end of 2nd month the sacrified rats were eviscerated and the liver was harvested from the carcass 
and washed with normal saline and blotted on filter paper. The collected tissues of each group were kept frozen 
at -20°C for biochemical analysis.  

Lipid peroxides such as malondialdehyde (MDA), a product of lipid peroxidation was measured 
spectrophotometrically after the reaction with thiobarbituric acid. 
 
Enzyme activities: 

 
Glutathione S-transferase activity (GST) was determined spectrophotometrically at room temperature at a 

rate of glutathione conjugation of 1-chrolo-2, 4-dinitrobenzene. Glutathione peroxidase (GPx) was determined 
chemically using cumene hydroperoxide as substrate. Reduced glutathione (GSH) was assayed 
spectrophotometrically basing on the reductive cleavage of 5.5. dithiobis 2-nitrobezoic acid by sulphydryl group 
to yield yellow colour with maximum absorbance at 412 nm. The obtained data was statistically analyzed using 
SAS statistical package and results given as Mean±Standard Deviation (SAS, 1987). 
 
Results: 

 
Table (1) showed that, STZ-induced diabetes resulted in significant increase in lipid peroxidation in liver. 

However, administration of lipoic acid subsequent to STZ resulted in significant decrease in lipid peroxidation 
in liver. GPx activity was significantly decreased upon STZ injection. However, supplementation of lipoic acid 
subsequent to STZ resulted in significant increase in the activity of GPx in liver. STZ-induced diabetes resulted 
in significant decrease in GST activity in liver. In the contrary, administration of lipoic acid subsequent to STZ 
resulted in significant increase in the activity of GST in liver. In addition, STZ-induced diabetes resulted in 
sever decrease in GSH contents of liver. Supplementation of lipoic acid in combination with STZ resulted in 
significant increase in the level of GSH in liver.  
 
Discussion: 

 
The result in Table (1) revealed that, STZ-induced diabetes significantly increased lipid peroxidation as 

expressed by increased MDA level in liver. These results come in agreement with those obtained by Lei et al., 
(2008) who concluded that, diabetic rats showed a significant increase in lipid peroxidation in liver and kidneys 
compared with controls. The same authors revealed that, the increased lipid peroxidation observed in DM 
returned to increased oxidative stress due either to hyperglycemia or STZ (which gives rise to oxygen free 
radicals) coupled with decreased antioxidant protective system. Similarly, increased plasma peroxide 
concentrations were reported in type 1 and type II DM patients (Walter et al., 1991). On the other hand, the 
present results disagree with those obtained by MacRury et al., (1993) who found that, no difference in serum 
conjugated diene levels between otherwise healthy diabetic patients and healthy control subjects. Concerning 
the effect of lipoic acid on lipid peroxidation, table (1) revealed a significant decrease in the level of MDA in 
liver during diabetes induction. These results come in accordance with those obtained by Tory et al., (1999) who 
inferred that, lipoic acid significantly decrease MDA in liver of aged rats. The same authors revealed that, this 
reduction in oxidative stress may be directly attributable to increased unbound dihydrolipoic acid or indirectly 
due to higher levels of other antioxidants. Simillary, pretreatment of acetaminophen injected rats with lipoic acid 
resulted in decreased lipid peroxidation in liver and kidney (Abdel-Zaher et al., 2008).  

Table (1) revealed that, the injection of STZ significantly reduced the activity of glutathione peroxidase in 
liver that may resulted from increased utilization of GPx to combat the increased free radicals induced by STZ. 
These results are in harmony with Walter et al., (1991) who described decreased GPx activity in red blood cell, 
whole blood and leukocyte in type 1 and type 2 DM patients compared to control groups. In addition, Carmen et 
al., (1998) demonstrate that, erythrocyte GPx activity was significantly lower in diabetic children at the onset 
and in later stages of the disease compared with control subjects. The same authors revealed that, the low GPx 
activity could be directly explained by the low GSH content found in diabetic patients, since GSH is a coenzyme 
of this enzyme. Therefore, low GSH content implies low GPx activity, which may produce increased oxidative 
stress. On the contrary, high glucose concentrations exerted no significant effect on GPx expression and activity 
(Forsberg et al., 1996). Table (1) showed that, STZ induced diabetes resulted in significant decrease in the 
activity of GST in liver. These results come in agreement with those obtained by McDermott et al., (1994) who 
demonstrated that, GST activity was decreased in heart and liver of diabetic patients. Also, Matkovics et al., 
(1998) demonstrated a significant decrease of GST, superoxide dismutase (SOD) and catalase (CAT) activities 
in hemolysates of streptozotocin diabetic rats. The low GST activity might be directly explained by the low 
GSH content found in diabetic patients, since GSH is a substrate of this enzyme (Carmen et al., 1998). In the 
contrary, the present results disagree with those obtained by Irina et al., (2003) who elucidated that, glutathione 
S-transferase, and NADH oxidase but not catalase, were upregulated in diabetic rats liver vs. controls. This 
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contradiction may a result of differences in experimental duration. Concerning the effect of lipoic acid in 
combination with STZ on the level of GPx and GST, Table (1) revealed highly significant increase in the 
activity of GPx and GST in liver. These results come in agreement with those obtained by Packer et al., (2001) 
who found that, lipoic acid (LA) and its reduced form, dihydrolipoate (DHLA), are both powerful antioxidants. 
Both act not only directly (by radical quenching such as H2O2, OH, singlet oxygen and metal chelation) but also 
indirectly, through the recycling of other antioxidants such as ascorbic acid, vitamin E, and glutathione. 
Furthermore, lipoic acid at dose of 1% of diet increased SOD, GPx, GST and total antioxidant capacity in 
plasma and liver of mice fed high fat diet (Rui-li Yang et al., 2008). The same authors revealed that, LA 
ingestion upregulated the expression of genes related free to radical scavenger enzymes. In the contrary to the 
present results, superoxide dismutase, glutathione peroxidase, glutathione reductase, glutathione transferase, and 
NADH oxidase were decreased by lipoic acid in diabetic rats (Irina et al., 2003). This contradiction may a result 
of differences in doses used or experimental duration.  

Table (1) revealed that, STZ induced diabetes resulted in significant decrease in the level of glutathione in 
liver tissue. These results are parallel with those obtained by De Mattia et al., (1994) who found that, Type II 
diabetic patients had decreased erythrocyte GSH and increased GSSG levels. Also, blood GSH was significantly 
decreased in different phases of type II DM such as: glucose intolerance, early hyperglycemia (within two years 
of diagnosis and before development of complications) and in poor glycemic control (Vijayalingam et al., 
1996). Furthermore, a decrease in the concentration of reduced glutathione (GSH), observed in erythrocytes 
from diabetic subjects, resulted from decreases in activities of the enzymes involved in GSH synthesis (such as 
γ-glutamylcysteine synthetase) or in the transport rate of oxidized glutathione (GSSG) from erythrocytes 
(Murakami et al., 1989) and enhanced sorbitol pathway (Ciuchi et al., 1996). In addition, a decrease in the 
activity of glutathione reductase (GSSG-R) which reduces GSSG to GSH has also been reported (Tagami et al., 
1992). In the contrary to the present results, increased blood GSH levels in the DM men could represent an 
adaptive response to increased oxidative stress mediated possibly in part through increased red cell glutathione 
reductase (GRD) activity (Mustafa and David, 2002). The data in Table (1) showed the effect of lipoic acid 
supplementation on the level of glutathione. The supplementation of lipoic acid resulted in significant increase 
in the content of glutathione in liver. These results come in agreement with those obtained by Packer et al., 
(2001) suggesting that lipoic acid could increase the recycling of other antioxidants such as ascorbic acid, 
vitamin E, and glutathione. Moreover, lipoic acid raises GSH values by increasing cysteine availability which is 
the rate limiting factor in its biosynthesis (Han et al., 1997). 

 
Table 1: Effect of STZ and lipoic acid on lipid peroxidation, GPx activity, GST activity and G-SH of rats liver. 

GST  (mol CDNB/min/g 
wet tissue) 

GPX ( IU/g wet tissue) GSH (µmol/g wet 
tissue) 

LP. (nmol MDA/g wet 
tissue) 

Groups 
 

 
398.91±4.70c 

 
87.06±1.71b 

 
112.27±1.38b 

 
65.80±5.13cd 

Control 
 

 
193.16±8.98e 

 
38.72±0.47f 

 
72.13±1.52e 

 
183.15±20.12a 

Diabetes 
 

 
646.82±20.92a 

 
98.73±1.02a 

 
118.91±1.95a 

 
48.50±3.43d 

Lipoic acid 
 

 
417.77±6.62c 

 
75.47±0.74c 

 
106.90±2.81b 

 
85.04±3.09c 

Diabetes+ Lipoic 
acid 
 

Means within the same column carrying different letters are significantly different. 
 

Conclusion: 
 
Diabetes mellitus associated with increased oxidative stress biomarkers and lipoic acid success to combat 

these as it is consider as a potent antioxidant.  
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