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A B S T R A C T 
 

In the present study, the effects of alpha lipoic acid (ALA) supplementation on glycemic control, lipid 

profile, vitamin C, lipid peroxidation and antioxidant enzymes in streptozotocin (STZ)-induced 

diabetic rats have been evaluated. This study was carried out on 80 male rats. The rats were divided 

into four equal groups of 20 rats each. Group Ι :( Control group): Injected with citrate buffer only. 

Group Π: (Diabetic group): Injected with a single intraperetinoel (i.p) dose of 50 mg/kg of 

streptozotocin for diabetes induction. Group III :( diabetic alpha lipoic acid treated group) and Group 

IV: (control alpha lipoic acid treated group). ALA was injected intrperetinoel in a daily dose of 54 

mg/kg bw.  Blood samples for serum separation and liver and kidney tissues were collected from all 

animal groups two times at 4 and 6 weeks from the onset of treatment with α-lipoic acid which begin 

after five weeks of diabetes induction. All sera were processed directly for determination of glucose, 

total cholesterol, triacylglycerols, HDL–C, LDL-C, VLDL-C and vitamin C in addition to liver and 

kidney L- malondialdehyde (L- MDA) and antioxidant enzymes were also determined. The obtained 

results revealed that, a significant increase in serum glucose, total cholesterol, triacylglycerols, LDL-

C, VLDL-C, HDL-C, vitamin C and L-MDA concentrations in liver and kidney as well as marked 

reduction in CAT, SOD and GpX activites of liver and kidney were observed in STZ-induced diabetic 

rats. Treatment with ALA to STZ-induced diabetic rats lowered serum glucose, total cholesterol, 

triacylglycerols, LDL-C, HDL-C concentration and lipid peroxidation of liver and kidney as well as 

significantly increased serum vitamin C and liver catalase activity. These results suggest that, ALA 

may be effective in controlling glycemic status and improving dyslipidemia and has the potential in 

reducing cardiovascular complications due to diabetes mellitus. In addition, treatment with ALA 

improved significantly the diabetes-induced deterioration of vitamin C and attenuates the status of 

antioxidant enzymes and biomarkers of oxidative stress produced by diabetes mellitus. 
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1. I N T R O D U C T I O N 

 

iabetes mellitus is a group of 

metabolic alterations characterized 

by hyperglycemia resulting from 

defects in insulin secretion, action or both. 

Chronic hyperglycemia of diabetes is 

associated with long term damage, 

dysfunction and eventually the failure of 

organs, especially the eyes, kidney, nerves, 

heart, and blood vessels [32].  

Several distinct types of diabetes mellitus 

exist and are caused by a complex 

interaction of genetics and environmental 

factors [15]. Type I diabetes is the 

consequence of an autoimmune- mediated 

destruction of pancreatic β-cells, leading to 

insulin deficiency. Patients require insulin 

treatment for survival [44]. While, Type II 

diabetes mellitus developed by metabolic 

abnormalities such as impaired insulin 

secretion, increased hepatic glucose 

production and decreased insulin-stimulate 

of glucose uptake in peripheral [38].  
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In diabetic patients with vascular 

complications, there are significant 

changes such as increased lipid 

peroxidation, dyslipidemia, and 

irregularity in the metabolism of proteins, 

carbohydrates and lipids. Increased lipid 

peroxidation is accepted to be one of the 

main causes of diabetic complications 

[24]. Also, the presence of high glucose 

levels may affect the function of different 

organs such as liver, pancreas, and retina 

[56].  

Lipoic acid is a unique antioxidant because 

it has beneficial effects on fuel metabolism 

and also an essential cofactor of 

mitochondrial respiratory enzymes, 

including the pyruvate dehydrogenase 

complex [63]. ALA can regenerate other 

antioxidants such as vitamin C and E [14]. 

Lipoic acid appears to improve the 

antioxidant capacity in face of the 

oxidative stress induced by insulin 

resistance in type 2 DM. Also, LA appears 

to have a potent therapeutic role in 

addition to its role in management of 

diabetic neuropathy in protection of 

diabetic complications due to oxidative 

stress [20]. 

Accordingly, this study was performed to 

investigate the effect of α- lipoic acid on 

glucose, lipid profile, vitamin C, lipid 

peroxidation and antioxidant enzymes in 

streptozotocin (STZ)-induced diabetic rats. 

 

2. MATERIAL AND METHODS 

 

Eighty white male albino rats of 12- 16 

weeks old and weighing 220- 250 gm were 

used in this study. Rats were housed in 

separated metal cages and kept at constant 

environmental and nutritional conditions 

throughout the period of experiment. The 

animals were fed on constant ration and 

water was supplied ad- libitum.  

 

Diabetes Induction: 

 

Rats were fasted for 18 hour and allowed 

free access of water. The experimental 

induction of diabetes in male rats was 

induced by a single intraperitoneal (i.p) 

injection of 50 mg / kg of streptozotocin 

(STZ) freshly dissolved in citrate buffer, 

PH 4.5. A week later, STZ-treated rats 

were fasted for 12 hour, and blood samples 

were collected from the orbital venous 

sinus for glucose determination. Only 

those rats in diabetic group with blood 

glucose levels higher than 250 mg/ dl were 

considered diabetic [55]. Five weeks after 

diabetes induction, therapeutic treatment 

with alpha lipoic acid (54 mg/kg body 

weight i.p daily) were given and continued 

for six weeks. Equivalent volumes of 

saline were given subcutaneously to the 

rats in the other diabetic and non diabetic 

control groups. 

 

Experimental design:  

 

After five weeks of diabetes induction all 

rats were randomly divided into four main 

equal groups, 20 rats each, placed in 

individual cages and classified as follow: 

Group I (control normal group):  received 

no drugs, served as control non-treated 

for all experimental groups.                                                     

Group II (diabetic non-treated group): 

received no drugs and served as STZ-

induced diabetic groups. 

Group III (diabetic alpha lipoic acid 

treated group): received alpha lipoic 

acid i.p daily at a dose level of 54 

mg/kg body weight. 

Group IV (control alpha lipoic acid treated 

group): received alpha lipoic acid i.p 

daily at a dose level of 54 mg/kg body 

weight. 

 

Sampling:  

 

Random blood samples and tissue 

specimens (liver and kidney) were 

collected from all animals groups (control 

and experimental groups) two times along 

the duration of experiment at 4 and 6 

weeks from the onset of treatment with α-

lipoic acid after five weeks diabetes 

induction. 
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Blood samples: 

 

Blood samples for serum separation were 

collected after overnight fasting by ocular 

vein puncture at the end of each 

experimental period and serum was 

separated by centrifugation at 2500 r.p.m 

for 15 minutes. The clean, clear serum was 

proceed directly for glucose determination 

and kept in a deep freeze at 20° C until 

used for subsequent biochemical analysis.  

 

Tissue samples (liver and kidney): 

 

After four and six weeks of treatment with 

α-lipoic acid ,the rats were sacrificed, 

livers and kidneys were removed, rinsed in 

ice-cold 0.9% sodium chloride solution , 

quick frozen in  a deep freeze at -20 °C   

for subsequent biochemical analyses.  

10 % (w/v) homogenate of liver and 

kidney were prepared in ice-cold normal 

saline using a chilled glass-teflon porter-

Elvehjem tissue grinder tube, and then 

centrifuged at 3000 rpm for 15 min. The 

supernatant was used for the determination 

of L-malondialdehyde (L-MDA) and 

antioxidant enzymes.  

 

Biochemical analysis: 

 

Seurm glucose, total cholesterol, 

triacylglycerols, high density lipoprotein 

cholesterol (HDL–cholesterol), Low 

density lipoprotein cholesterol (LDL - 

cholesterol), very low density lipoprotein 

cholesterol (VLDL- cholesterol), Vitamin 

C, L- malondialdehyde (L- MDA), 

superoxide disumatase (SOD), catalase 

(CAT) and glutathione peroxidase (GPx) 

were analyzed colorimetric- ally according 

to the methods described by[74]; [19]; 

[69]; National cholesterol Education 

program Recommendation for 

measurement of High–density Lipoprotein 

Cholesterol as it was described previously 

[11, 22, 28, 41, 48, 50, 52, 78]. 

 

 

Statistical analysis:  

 

The obtained data were statistically 

analyzed and the significant difference 

between groups was evaluated according 

to [65]. 

 

3. RESULTS AND DISCUSSION 

 

Diabetes mellitus is a syndrome, which is 

characterized by hyperglycemia, 

lipoprotein abnormalities, raised basal 

metabolic rate, defect in enzymes and high 

oxidative stress induced damage to 

pancreatic beta cells [61]. Moreover, 

Diabetes mellitus is a frequent metabolic 

syndrome initially characterized by loss of 

glucose homeostasis. The disease is 

progressive and is associated with a high 

risk of atherosclerosis [76].  

The obtained results demonstrated in 

(Table 1) revealed that, a significant 

increase in serum glucose concentration 

was observed in streptozotocin (STZ)-

induced diabetic rats.  

The increase in seurm glucose 

concentration of streptozotocin treated 

group which came in agreement with [2] 

who reported that, serum glucose levels 

was elevated three-fold in the diabetic 

animals group compared to normal. Who 

added that, Hyperglycemia, 

hypoinsulinemia, polyphagia, polyuria and 

polydipsia accompanied by weight loss 

were seen in adult rats within three days of 

Streptozotocin treatment which indicates 

irreversible destruction of Langerhans 

islets cells. The developed hyperglycemia 

have been attributed to the specific toxic 

effects  of STZ uptake through glucose 

transport–2 ( GLUT-2) , these toxic effects 

lead to end organ damage through 

activation of the aldose - reductase 

pathway leading to toxic accumulation of 

sorbitol in nervous system [27]. Treatment 

with α-lipoic acid to STZ-induced diabetic 

rats significantly reduced elevated serum 

glucose level. These results are nearly 
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similar to those recorded by [25] who 

reported that, after treatment of diabetic 

rats with α-lipoic acid serum glucose level 

slightly improved at the 2
nd

 and 4
th

 months 

when compared with control diabetic non 

treated group. This effect can be explained 

by the ability of α- lipoic acid to increase 

cellular uptake of glucose by recruiting 

glucose transporter-4 to the cell membrane 

which is evidenced in cell culture 

experiments [32]. Some studies suggested 

that treatment with racemic - lipoic acid 

improves insulin sensitivity [36] and 

glucose effectiveness by increasing 

pyruvate transportation into the 

mitochondria, increases pyruvate oxidation 

and ,in turn, allows glucose to enter the 

cytoplasm, thereby decreasing insulin 

resistance [77]. 

Regarding, serum lipid profiles the 

obtained results revealed that, a significant 

increase in serum total cholesterol, 

triacylglycerols, LDL-C, VLDL-C and 

HDL-C concentrations were observed in 

streptozotocin (STZ)-induced diabetic rats.  

The obtained results are nearly similar to 

those reported by [73] who recorded that, 

abnormal increased in the levels of lipid, 

lipoproteins and lipid peroxides were 

observed in plasma of diabetes mellitus 

which may be due to the abnormal lipid 

metabolism [71]. Moreover, [12] 

demonstrated that, Plasma total cholesterol, 

triacylglycerols and low density 

lipoprotein levels of STZ group were 

increased significantly. The most common 

lipid abnormalities in diabetes are 

hypercholesterolemia and hyper-

triglyceridemia [49]. Increased level of 

total cholesterol may be due to higher 

cholesterol biosynthesis and/ or liposysis 

[45]. Additionally, this atherogenic 

indexes in agreement with the reported 

studies of [26] who related the 

atherosclerosis complications and higher 

in TG level is predominantly due to 

reduced lipolysis of triglyceride-rich 

lipoproteins. 

[6] reported that, there was an increase in 

the serum and cardiac triglyceride levels in 

diabetic rats.   

 

Table 1 Effect of treatment with α-lipoic acid on Serum Glucose, Total Cholesterol, Triacylglycerol, 

HDL-C, LDL-C, VLDL-C and Vitamin C concentrations in normal and streptozotocin-induced 

diabetic male rats.   
 Animal groups 

Parameter Time Group Ι Group Π Group III Group IV 

Glucose (mg/dL) 4 weeks 52.42±2.08
c
 384.00±29.31

a
 194.84±14.50

b
 59.92±2.65

c
 

6 weeks 55.08±3.95
c
 338.04±12.60

a
 192.75±28.62

b
 84.92±3.24

c
 

Total Cholesterol (mg/dL) 4 weeks 80.95±3.25
b
 117.06±5.42

a
 79.88±3.11

b
 60.07±3.40

c
 

6 weeks 72.77±4.45
a
 62.33±4.07

ab
 58.50±4.82

b
 65.83±4.38

ab
 

Triacylglycerols (mg/dL) 4 weeks 78.13±3.72
b
 93.54±1.88

a
 54.86±5.28

c
 67.67±3.94

b
 

6 weeks 73.73±3.67
a
 49.00±5.03

b
 42.15±4.73

b
 45.87±2.23

b
 

HDL-C (mg/dL) 4 weeks 52.63±2.37
b
 68.40±7.65

a
 51.40±3.29

b
 37.81±4.43

b
 

6 weeks 49.42±3.24
a
 37.07±2.32

b
 37.86±3.32

b
 43.53±2.89

ab
 

LDL-C (mg/dL) 4 weeks 13.08±3.68
b
 31.93±8.50

a
 17.52±5.45

ab
 11.32±4.37

b
 

6 weeks 8.60±1.18
c
 17.92±1.59

 a
 12.24±1.39

bc
 13.13±1.57

 b
 

VLDL-C (mg/dL) 4 weeks 15.63± 0.74
b
 18.71 ± 0.38

a
 10.97±1.06

c
 13.53±0.788

b
 

6 weeks 14.75±0.734
a
 9.80±0.01

b
 8.43±0.95

 b
 9.17±0.45

 b
 

Vitamin C (mg/dL) 4 weeks 1.11±0.1
ab

 0.68±0.07
c
 0.91±0.03

bc
 1.3±0.17

a
 

6 weeks 1.09±0.08
a
 0.63±0.04

b
 1.08±0.05

a
 1.18±0.09

a
 

Groups Ι, II, III and IV Control group, Diabetic group, Diabetic alpha lipoic acid treated group, and Control alpha lipoic acid 

treated group. Data are presented as Mean (±S.E) with different superscript letters in the same column are significantly 

different at (P<0.05). 

37



 

Hussein et al. (2012) 

The reported changes in TG could be 

related to the mild but significant insulin 

deficiency resulted in mild 

hypertriglyceridemia, linked to impaired 

triglyceride removal rather than to an 

overproduction of VLDL-triglyceride, 

despite elevated levels of plasma free fatty 

acids. The obtained results showed that, 

serum HDL-cholesterol level was 

increased in diabetic rats. This result is in 

agreement with these reported by [75] who 

recorded that, serum cholesterol and HDL 

cholesterol concentrations of 

spontaneously diabetic Bio-Breeding (BB) 

and non diabetic littermate rats did not 

differ from controls. Concentrations of 

very low density lipoproteins (VLDL), low 

density lipoproteins (LDL), and high 

density lipoproteins (HDL) of 

spontaneously diabetic Bio-Breeding (BB) 

and non diabetic littermate rats were 

higher than those of normal rats. The 

obtained results showed that, serum total 

cholesterol levels increased significantly in 

diabetic group than control one. These 

results agreed well with [39] who 

attributed the increase in total cholesterol 

level to the increased β-oxidation of long 

chain FA and increased oxidation of 

ketogenic amino acids producing excess of 

hepatic acetyle CoA that is used for 

cholesterol synthesis [1]. 

The obtained data showed that, after 6 

weeks of the experiment there is a non 

significant decrease of cholesterol value 

was observed, and significant decrease of 

HDL–cholesterol, triglyceride and VLDL, 

but LDL-C still increase. Such variations 

in plasma lipid and lipoprotein profiles in 

STZ-diabetic rats may be due to impaired 

liver function as a result of diabetes 

complications. The liver helps maintain 

normal blood glucose concentration in the 

fasting and postprandial states. Loss of 

insulin effect on the liver leads to 

glycogenolysis and an increase in hepatic 

glucose production. Abnormalities of 

triglycerides storage and lipolysis in 

insulin-sensitive tissues such as the liver 

are an early manifestation of conditions 

characterized by insulin resistance and are 

detectable earlier than fasting 

hyperglycemia. The precise genetic, 

environmental, and metabolic factors and 

sequence of events that lead to the 

underlying insulin resistance, however, is 

not fully understood [43]. However 

cholesterol is synthesized mainly in the 

liver, so its value is decreased as a result of 

liver dysfunction and diabetic rats cannot 

use glucose for take energy so it depend 

mainly on lipids as a supply for energy.  

Treatment with α- Lipoic acid to STZ-

induced diabetes in rats resulted in 

significant reduction of elevated serum 

total cholesterol, HDL-cholesterol, 

triacylglycerols, VLDL-cholesterol and 

significantly decreased LDL-cholesterol 

concentrations. These results are nearly 

similar to those reported by, [64] who 

reported that, Alpha-Lipoic acid (α-LA) is 

a unique antioxidant and has beneficial 

effects on fuel metabolism. Moreover, they 

added that, following eight weeks 

supplementation of Alpha-Lipoic acid (α-

LA) in diabetic rats were significantly 

lower plasma total cholesterol (TC), 

triglycerides and low density lipoprotein-

cholesterol (LDL-C) levels and increased 

high density lipoprotein-cholesterol (HDL-

C) levels when compared with control 

group. These results suggest that, ALA has 

the potential in improving dyslipidemia 

and may exert some protective effects on 

atherosclerotic vascular changes in 

diabetic rats. These results suggest that 

alpha-Lipoic acid (α-LA) has the potential 

in improving dyslipidemia and may exert 

some protective effects on atherosclerotic 

vascular changes in diabetic rats. Lipoic 

acid-supplemented aged rats showed a 

reduction in the levels of triglycerides, and 

this may be attributed to an increase in the 

activity of lipoprotein lipase [31]. The 

mechanism by which ALA improves the 

dyslipidemia is still unclear. One of the 

actions which might attribute to this 

finding is by decreasing the non-esterified 

fatty acid levels. The mechanism of action 

is also believed to be through the 
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controlling activities of enzymes that 

involved in lipid metabolism. ALA was 

reported to reduce HMG-CoA reductase 

activity as well as increases the lipoprotein 

lipase and Lecithin Cholesterol Acyl 

Transferase (LCAT) activities [64]. The 

decrease in serum triacylglycerols and 

total cholesterol after administration of LA 

comes in agreement with [66]. This result 

could be attributed to the effect of LA in 

reducing triacylglycerols accumulation in 

skeletal muscles, pancreatic islets as well 

as in adipose tissue where, LA increases 

fatty acid oxidation by activating the 

AMP-activated Protein Kinase (AMPK) in 

skeletal muscles [42]. The anti-oxidative 

action of LA may suggest its preventive 

effect on LDL-cholesterol oxidation and 

thus, enhancing its catabolism. From the 

previous results, it could be concluded that, 

LA has an anti-hyperlipidemic effect on 

diabetic rats. 

Regarding, vitamin C the obtained results 

showed that, a significant decrease in 

serum vitamin C concentration was 

observed in streptozotocin-induced 

diabetic rats all over the periods of the 

experiments. These results were nearly 

similar to those reported by [4] who 

reported that, hypovitaminosis among 

diabetics is wide spread , 32%, 13% and 

37% of the subjects had severe vitamins A, 

E and C deficiencies, respectively. This 

pronounced decrease in vitamin C levels in 

diabetic rats is in agreement with the 

results reported previously by [53] who  

reported that , stress in diabetes is 

corroborated by the fact that diabetic 

patients have significantly lower cellular 

and plasma levels of antioxidants, 

particularly GSH, ascorbate (vitamin C) 

and tocopherol (vitamin E) in comparison 

with healthy people . Increased oxidative 

stress and low vitamin C levels are 

correlated with severity of diabetic 

neuropathy [79]. Low vitamin C levels 

may be a consequence of diabetes because 

cellular uptake of vitamin C is regulated 

by glucose and insulin [17]. Diabetic 

subjects may also have a higher turnover 

of vitamin C due to increased oxidative 

stress and oxidation of ascorbate to 

dehydroascorbic acid in mitochondria [62]. 

Patients with diabetic nephropathy have 

increased renal clearance of vitamin C [33]. 

Meanwhile, treatment with α-Lipoic acid 

significantly increased vitamin C 

concentrations in streptozotocin (STZ)-

induced diabetic rats after 6 weeks of the 

experiment when compared with control 

diabetic non treated group. These results 

are nearly similar to those reported by [25] 

who reported that, serum vitamin C and 

erythrocyte reduced glutathione levels 

reached values that were significantly 

higher than the untreated diabetic model 

after treatment with ALA. In addition, α-

lipoic acid can reduces oxidative stress in 

the body and indirectly spares or recycles 

or regenerates the other major antioxidants, 

raising their levels in the blood stream [23]. 

Vitamin C can be regenerated through 

reaction with alpha-lipoic acid [51]. In fact, 

alpha-lipoic acid has been shown to 

protect against the symptoms of vitamin E 

or vitamin C deficiency in animals fed 

diets deficient in those nutrients ([57]. 

Also, dihydrolipoic acid is able to reduce 

GSSG to GSH and dehydroscorbic acid to 

vitamin C. [10]. LA is the only antioxidant 

that is both fat- and water-soluble. 

Consequently, his property has made it a 

perfect electron transporter for both 

oxidized ascorbic acid (water-soluble) and 

vitamin E (fat-soluble); it is easily 

absorbed and transported across cell 

membranes. Whereas many antioxidants 

provide protection only outside of cells, 

LA is broken down inside cells to 

dihydrolipoic acid (a more potent 

antioxidant). It also regenerates other 

antioxidants like vitamin C, vitamin E and 

GSH. LA alleviates free radical damage in 

both fatty and aqueous regions of cells and 

helps to recycle other antioxidants in what 

is described as "antioxidant synergism". 

When LA is missing, other antioxidants do 

not interact well, thereby reducing their 

ability to protect cells [40]. 
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The obtained results demonstrated in 

(Table 2) revealed that, a significant 

increase in liver and kidney L-MDA 

concentrations were observed in 

streptozotocin-induced diabetic rats when 

compared with control group. However, 

treatment with α-Lipoic acid resulted in 

significant decrease in both liver and 

kidney L-Malondialdehyde concentrations 

all over the periods of the experiments 

when compared with diabetic non-treated 

group. Lipid peroxidation is a marker of 

cellular oxidative damage initiated by 

reactive oxygen species [21]. These results 

are nearly similar to those reported by [59] 

who reported that, the levels of TBARS 

and hydroperoxides in liver and kidney 

diabetic rats were significantly higher than 

control rats. The increased lipid 

peroxidation in the diabetic animals may 

be due to the observed remarkable increase 

in the concentration of TBARS and 

hydroperoxides (lipid peroxidative 

markers) in the liver and kidney of diabetic 

rats [68]. [30] reported that, in diabetes 

mellitus, oxygen free radicals are 

generated by stimulating H2O2 in-vitro, as 

well as in-vivo and in the pancreatic β- 

cells. In the present study, the increased 

tissue malondialdehyde in liver and kidney 

of STZ- induced diabetic rats served as an 

index of elevated lipid peroxidation in 

diabetic condition. The increase in lipid 

peroxidation indicates an increased 

oxidative stress as a result of excessive 

generation of free radicals. 

Treatment with α-Lipoic acid to STZ-

induced diabetic rats showed significant 

decrease in both liver and kidney L-

malondialdehyde concentrations all over 

the periods of the experiments. Similarly, 

[60] reported that, MDA levels have been 

found to be increased in the brain, liver, 

and kidney in STZ-induced diabetic rats. 

However, treatment with Alpha-Lipoic 

acid (α-LA) significantly decreased the 

MDA level, which may be partly due to 

the ability of Alpha-Lipoic acid (α-LA) to 

scavenge free radicals.  

 
Table 2 Effect of treatment with alpha lipoic acid on L-MDA concentrations, Catalase (CAT), 

Superoxide dismutase (SOD) and Glutathione peroxidase (GPX) activities in liver and kidney of 

normal and streptozotocin-induced diabetic rats. 
Parameter Organ Time Group Ι Group II Group III Group IV 

L – MDA  

(nmol/gm tissue) 

Liver 4 weeks 76.95± 7.22
c
 106.15±13.48

b
 72.05±8.10

c
 141.70±4.43

a
 

6 weeks 57.98±5.39
c
 71.72±6.46

 b
 37.85±2.99

d
 147.27±2.61

a
 

kidney 4 weeks 36.43± 1.26
 b
 50.48±2.63

 a
 34.58±2.88

 b
 22.31±1.78

c
 

6 weeks 12.75±0.935
c
 36.36±3.66

 a
 19.78±2.01

c
 26.96±2.21

 b
 

CAT 

 (mmol/min/μg 

protein) 

Liver 4 weeks 5.57±0.276
 a
 1.36±0.161

c
 2.16±0.147

 b
 2.10±0.221

b
 

6 weeks 3.73±0.527
 a
 1.51±0.136

 b
 1.04±0.070

 b
 0.950±0.120

b
 

kidney 4 weeks 2.66±0.289
 a
 1.43±0.084

 b
 1.15±0.177

 b
 1.21±0.090

 b
 

6 weeks 1.43±0.072
 b
 4.07±0.237

 a
 0.354±0.017

c
 1.47±0.208

 b
 

SOD (U/μg protein 

tissue) 

Liver 4 weeks 0.625±0.084
a
 0.516±0.068

ab
 0.370±0.052

bc
 0.276±0.062

c
 

6 weeks 0.440±0.019
a
 0.422±0.028

a
 0.248±0.023

b
 0.383±0.036

a
 

kidney 4 weeks 1.40±0.115
 a
 1.10±0.155

 a
 1.45±0.218

a
 1.01±0.119

 a
 

6 weeks 1.22±0.304
 a
 0.940±0.073

a
 1.17±0.257

 a
 0.971±0.066

a
 

GPx  

(mg/min/mg protein) 

Liver 4 weeks 0.046±0.003
 a
 0.027±0.005

 b
 0.018±0.001

 b
 0.022±0.002

 b
 

6 weeks 0.041±0.004
 a
 0.023±0.003

 b
 0.022±0.002

 b
 0.023±0.004

 b
 

kidney 4 weeks 0.135±0.018
a
 0.127±0.021

 a
 0.137±0.017

 a
 0.120±0.004

 a
 

6 weeks 0.087± 0.012
 

a
 

0.088±0.006
 a
 0.062±0.008

 a
 0.077±0.008

 a
 

Groups Ι, II, III and IV Control group, Diabetic group, Diabetic alpha lipoic acid treated group, and Control alpha lipoic acid 

treated group. Data are presented as Mean (±S.E) with different superscript letters in the same column are significantly 

different at (P<0.05). 
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Alpha-lipoic acid improves other markers 

of oxidative stress in the diabetic kidney, 

including glutathione and 

malondialdehyde [47]. Moreover, alpha 

lipoic acid has the unique ability to 

neutralize free radicals within aqueous and 

lipid regions of the cells, as well as in 

intracellular and extra cellular 

environments [29]. This ability allows 

alpha lipoic acid to be easily transported 

across cellular membranes to neutralize 

free radicals. Furthermore, [8] reported 

that, supplementation (DL- α -lipoic acid 

(100 mg/kg body wt/day) intraperitoneally 

for 7 and 14 days in aged rats prevents the 

elevated levels of TBARS and lipids. Lipid 

peroxidation is characteristically a free 

radical chain reaction initiated by the 

abstraction of a hydrogen atom from a 

polyunsaturated fatty acid side chain. The 

free radical-mediated lipid peroxidation 

has been proposed to be critically involved 

in several disease states including cancer, 

cardiovascular diseases, and cataracts as 

well as the degenerative processes 

associated with ageing [5]. 

Regarding, antioxidant enzymes the 

obtained data (Table 2) showed that, a 

significant decrease in liver and kidney 

catalase activities were observed in STZ-

induced diabetic rats followed by 

significant increase in kidney catalase after 

six weeks of the experiment. On the other 

hand, a non significant decrease in liver 

and kidney SOD activities were observed 

in streptozotocin-induced diabetic rats all 

over the periods of the experiment.  Also, 

GPx activity showed a significant decrease 

in liver of diabetic rats while, kidney GPx 

activity showed a non significant decrease. 

The recorded data are nearly similar to 

those reported by [54] who reported that, 

reduced activities of SOD and CAT in 

liver and kidney tissues have been 

observed in diabetes rats, and this decrease 

may result in a number of deleterious 

effects due to accumulation of superoxide 

radicals (O2
•–

) and hydrogen peroxide 

(H2O2). Also, such decrease in the 

activities of (GPx, GST and GR) enzymes 

results in the involvement of deleterious 

oxidative changes and also insufficient 

availability of GSH. [58]. Also, the 

obtained results is agreement with [72] 

who reported that , an increase in the 

concentration of thiobarbituric acid 

reactant species (TBARS), and reduced 

activities of glutathione reductase, 

glutathione peroxidase and superoxide 

dismutase were observed  in alloxan 

induced diabetic rats when compared with 

controls. Furthermore, [80] reported that, 

oxidative stress means disturbing dynamic 

balance between prooxidants and 

antioxidants, either due to the increased 

production of oxygen free radicals or the 

decreased antioxidant activity. 

Consequences of oxidative stress are 

damage to DNA, lipids, proteins, 

disruption in cellular homeostasis and 

accumulation of damaged molecules [37]. 

SOD has been postulated as one of the 

most important enzymes in the enzymatic 

antioxidant defense system which 

catalyses the dismutation of superoxide 

radicals to produce H2O2 and molecular 

oxygen, [46] hence diminishing the toxic 

effects caused by their radical. The 

observed decrease in SOD activity could 

result from inactivation by H2O2 or by 

glycation of enzymes [67]. 

Glutathione peroxidase (GPx) plays a 

primary role in minimizing oxidative 

damage. GPx, an enzyme with selenium, 

and Glutathione-s-transferase (GST) works 

together with glutathione in the 

decomposition of H2O2 or other organic 

hydroperoxides to non-toxic products at 

the expense of reduced glutathione [13]. 

Reduced activities of GPx may result from 

radical–induced inactivation and glycation 

of the enzyme [34]. Reduced activities of 

GPx and GST in the liver and kidney have 

been observed during diabetes and this 

may result in a number of deleterious 

effects due to the accumulation of toxic 

products. In this context, other workers 

also reported a decrease in the activity of 

these antioxidant enzymes (SOD, CAT, 

GPx and GST) in the liver and kidneys of 
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diabetic rats [7]. Treatment with α-lipoic 

acid to STZ-induced diabetic rats 

significantly increased liver catalase 

activity after four weeks of the experiment. 

However, kidney catalase showed a 

significant decrease after six weeks of 

treatment. Also, α-lipoic acid significantly 

decreased liver SOD after six weeks. 

While kidney SOD was none significantly 

increased all over the period of the 

experiment. On the other hand,  α-lipoic 

acid administration to STZ-diabetic rats  

significantly decreased GPx in liver after 

four weeks and non significantly decrease 

kidney GPx after six weeks of treatment. 

[3] found that, LA contributes to 

antioxidant defense by increasing CAT 

activity in the stress group. The decline in 

CAT can be attributed to ineffective 

scavenging of H2O2 resulting in increased 

H2O2 levels, which can react with O2.- to 

give OH. radical and thus increased lipid 

peroxidation. Catalase requires NADPH 

for its regeneration from its inactive form 

[9]. [70] reported that, α-Lipoic acid 

treatment significantly reduced MDA 

levels and increased antioxidant enzyme 

(SOD and catalase) activity in diabetic rats. 

α-Lipoic acid, an antioxidant, has also 

been reported to improve levels of these 

antioxidant enzymes and restore deficits in 

diabetic neuropathy. There might be 

possibility that α-Lipoic acid enhance 

antioxidant enzyme expression, there by 

increasing antioxidant enzyme levels and 

decrease the formation of free radicals 

leading to inhibition of lipid peroxidation. 

On the other hand, increased oxidative 

stress in diabetic animals was reversed 

with α–lipoic acid treatment. In the 

meantime, SOD scavenger significantly 

decreased in diabetes, but α–lipoic acid 

increased again. This increment was 

similar to that reported by [16] who 

suggested that, α–lipoic acid recycles other 

antioxidants. 

Lipoic acid inhibited the free radical 

mediated lipid peroxidation, preserved the 

antioxidant enzymes and maintained the 

non-enzymic antioxidant concentrations. 

This ameliorative effect of LA on tissue 

lipid peroxidation might also be attributed 

to its ability to increase glucose disposal 

[35] thereby abolishing the consequences 

of hyperglycaemia. In the present study, 

no significant effect of ALA on the 

activity of G-Px was observed, this results 

are similar to those reported by [18].  

From the obtained results it could be 

concluded that, experimental induced 

diabetes mellitus in rats extensively alters 

and induced disturbances in lipid 

metabolism. Moreover, vitamin C and 

lipid peroxidation which may contribute to 

the development of diabetic complications. 

This study suggest that, ALA may be 

effective in controlling glycemic status and 

improving dyslipidemia in streptozotocin-

induced diabetic rats and has the potential 

in reducing cardiovascular complications 

due to diabetes mellitus. Also, ALA 

improved significantly the diabetes-

induced deterioration of vitamin C and 

maintain the increase in the lipid 

peroxidation prevent oxidative damage. 
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ى لحمض ألفا ليبويك عمى نمط الدهون واألكسدة الفوقية لمدهون و حالة اإلنزيمات التأثيرالكيميائى الحيو 
 المضادة لألكسدة  في الفئران المستحدث فيها البول السكري باألستربتوزوتوسين

 أميرة رجب البرقي رجب حسانين ، ئىمحمد رجا سامي عمي حسين،
 معة بنياجا  -كمية الطب البيطري بمشتير  -قسم الكيمياء الحيوية

 
 الممخص العربى

في ىذه الدراسة تم تقييم التأثير الواقي لحمض ألفا ليبويك عمى التغيرات في مستوى جموكوز ودىون الدم ، فيتامين ج ، األكسدة 
وقد ىذا  الفوقية لمدىون واإلنزيمات المضادة لألكسدة في دم وأنسجة الفئران المستحدث  فييا البول السكري باألستربتوزوتوسين.

جرام وقد 158-118أسبوع و أوزانيا من  21-21من ذكور الفئران البيضاء أعمارىم تتراوح من  08أستخدم ألجراء ىذه الدراسة عدد 
قسمت إلي أربعة مجموعات متساوية اشتممت كل مجموعة عمى عدد عشرون فأر وتم توزيعيا كاآلتي: المجموعة األولى: )المجموعة 

فأر لم تعطى أي أدوية واستخدمت كمجموعة ضابطة لممجموعات األخرى. المجموعة الثانية:  18الضابطة(: اشتممت عمى 
فأر تم حقنيم بمادة األستربتوزوتوسين في التجويف البريتونى بجرعة  18)المجموعة المحدث بيا مرض البول السكري(: تكونت من 

ثالثة:)مجموعة حمض ألفا ليبويك والمحدث بيا مرض البول ميممي جرام لكل كيموجرام من وزن الجسم. المجموعة ال 58مقدارىا 
ممميجرام  لكل كيموجرام  55فأر تم حقنيم بحمض ألفا ليبويك يوميًا في التجويف البريتونى بجرعة مقدراىا  18السكري(: اشتممت عمى 

نيم بمادة األستربتوزوتوسين المسببة لمرض البول السكري تجريبيًا. أسابيع من حق 5من وزن الجسم طوال فترة التجربة وذلك بعد 
فأر تم حقنيم بحمض ألفا ليبويك يوميًا في التجويف  18المجموعة الرابعة:)مجموعة حمض ألفا ليبويك الطبيعية(: اشتممت عمى 

. وقد تم تجميع عينات الدم عمى فترات بعد ممميجرام لكل كيموجرام من وزن الجسم طوال فترة التجربة 55البريتونى بجرعة مقدراىا 
ليبويك وذلك بعد خمسة أسابيع من االصابة التجريبية بالداء السكرى في أنابيب  -أربعة وستة أسابيع من بدء العالج بحمض ألفا

ىون الثالثية والدىون نظيفة ، جافة ومعقمة  وقد تم فصل مصل الدم واستخدم مباشرة لقياس تركيز الجموكوز والكولستيرول الكمى والد
 عالية الكثافة والدىون منخفضة الكثافة وفيتامين ج ثم تم ذبح الفئران واخذ كال من الكبد والكمى ودلك لتقدير األكسدة الفوقية لمدىون

تائج التحميل واألنزيمات المضادة لألكسدة بيا مثل إنزيم سوبر أكسيد ديسميوتيز والكتاليز والجموتاثايون بيروكسيديز. وقد أسفرت ن
البيوكيميائى عن وجود زيادة فى كال من جموكوز الدم ونمط الدىون والميبوبروتنات بالمصل باألضافة إلى األكسدة الفوقية لمدىون فى 
نسيج الكبد والكمى مع حدوث انخفاض معنوى فى مستوى فيتامين ج بالمصل وأيضا نقص معنوى فى نشاط األنزيمات المضادة 

ى نسيج الكبد. كما أوضحت النتائج أن مجموعة الفئران المحدث بيا مرض البول السكري والتي تم عالجيا بحمض لألكسدة خاصة ف
ألفا ليبويك تسبب في خفض كال من مستوى الجموكوز والدىون بالدم  باألضافة إلى نسبة األكسدة الفوقية لمدىون بالكبد والكمى في 

ليبويك لو تأثير جيد في خفض  -وخمصت الدراسة أن حمض ألفا نشاط إنزيم الكتاليز. حين ارتفع مستوى فيتامين ج في الدم وزاد
مستوى سكر الدم وتحسين نسبة الدىون العالية لذلك لديو القدرة من الحد من مضاعفات أمراض القمب التي تنتج من زيادة 

وذلك برفع مستوى فيتامين ج وأيضا الحد من  ليبويك لديو القدرة لمحد من أمراض األوعية الدموية -الدىون .كذلك حمض ألفا
عادة نشاط اإلنزيمات المضادة لألكسدة لطبيعتيا ثانية .لذلك ينصح  المضاعفات الناتجة من زيادة األكسدة الفوقية لمدىون بتخفيضيا وا 

ات المصاحبة لمضاعفات ليبويك لمرضى السكرى في حدود الجرعة الطبية الموصى بيا وذلك لموقاية من التغير  -بتناول حمض ألفا
 .مرض البول السكري
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