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ABSTRACT 
Objective: To determine the effect of Alpha Lipoic Acid (ALA) on blood glucose, lipid profile, and oxidative stress 
in streptozotocin-induced type II diabetic male Sprague Dawley rats. 
Study Design: Laboratory-based experimental study. 
Place and Duration of the Study: The study was carried out at the Physiology Research Lab, Army Medical 
College, Rawalpindi, Pakistan, from 20th January 2021 to 24th June 2021. 
Methods: Thirty Sprague Dawley (SD) rats were divided into three equal groups. Group I was given a normal 
standard rat diet. In Groups II and III after feeding a diet rich in fat and calories for 2 weeks, after feeding a diet 
rich in fat and calories for 2 weeks, a single low dose of streptozotocin was injected for Type 2 Diabetes Mellitus 
(T2DM) induction. Alpha Lipoic Acid 30 mg/kg body weight/day was administered intraperitoneally in Group III 
for 01 weeks after the development of T2DM. 
Results: The blood glucose, lipid profile, and serum Malondialdehyde levels were deranged in the diabetic 
group. After Alpha Lipoic Acid supplementation, the blood glucose levels, Serum MDA, and levels of 
triglycerides, cholesterol, and Low Density Lipoproteins decreased, whereas High Density Lipoproteins level 
were significantly raised (p <0.001) in group III as compared to the diabetic group II. 
Conclusion: Treatment with Alpha Lipoic Acid reduces oxidative stress and improve reduces oxidative stress 
and improves glycemic and lipid profiles in T2DM rats. 
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Introduction 
Alpha-Lipoic acid (ALA) is a powerful antioxidant with 
both hydrophilic and hydrophobic properties: it acts 
as a strong antioxidant in the cytosol and the plasma 
membrane.1 It reduces oxidative stress and increases 
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intracellular glutathione peroxidase, superoxide 
dismutase, vitamin C, and free radical production.2 It 
also increases Glucose transporter 4 (insulin- 
mediated) translocation and redistribution via AMP- 
mediated protein kinase, which lowers blood 
glucose levels and reduces lipid oxidation and 
catabolism.3,4

 

Type 2 diabetes mellitus (T2DM) caused by 
decreased insulin sensitivity and increased insulin 
resistance results in significantly decreased glucose 
uptake and metabolism, decreased glycogen 
synthesis due to decreased pyruvate dehydrogenase 
(PDH) activity5 causing increased dependence on 
alternate sources of energy via accelerated lipid and 
protein catabolism. Consequently, there is an 
increased plasma concentration of triglycerides and 
free fatty acids (FFA). Decreased glucose uptake 



leads to hyperglycemia, and associated high levels of 

FFAs lead to the formation of reactive oxygen 

species6 such as hydroxyl radical, hydrogen 

peroxide, and superoxide anion, which causes most 

of the diabetic complications. 

This experimental project was designed to analyze 

the effects of ALA on oxidative stress, lipid and 

glucose levels in rat models of streptozotocin-

induced T2DM and its further use as antioxidant drug 

therapy for diabetic diseases.

Methods
This lab -based experimental control trial was carried 

out at Physiology Research Lab, Army Medical 
th

College, Rawalpindi, Pakistan from 20  January 2021 
th

to 24  June 2021 after the approval of institutional 
th

review board and ethics committee held on 13  

January 2021 vide letter no: 514/Trg. Thirty healthy 

Sprague-Dawley rats (6-8 weeks old, 240 ± 50 gm 

weight) were procured from NIH, Islamabad. 

Pakistan and divided equally into control, diabetic 

(diseased control) and ALA groups. Plasma glucose 

levels (PGLs) were assessed to eliminate the 

possibility of pre-existing diabetes. The rats were 

kept in temperature-controlled, well-ventilated 

rooms in 4x4 steel cages following a 12-hour artificial 

light cycle. Rats were fed on a standard rat diet as per 

protocols followed by NIH (Table 1). Type 2 diabetes 

mellitus (T2DM) was induced in both the diabetic 

(diseased control) and alpha-Lipoic acid (ALA) 

groups, following the established rat model protocol 

outlined by Srinivasan and colleagues. This involved 

a two-week high-calorie, rich-fat diet, followed by 

the intraperitoneal injection of a low dose (30-40 

mg/kg) of Streptozocin (STZ) in the lower-right 

quadrant of the abdomen after an additional two 
th 6weeks (14  day).  On the 21st day, the development 

of T2DM was confirmed in diabetic and ALA groups 

(Plasma glucose levels >16.65 mmol/l) by measuring 

plasma glucose after a 12-hour fast and obtaining 
7

blood from the rat's tail vein.

Alpha Lipoic acid (ALA) (AstaMedica, Germany) was 

administered intra-peritoneally (30 mg/kg/day) to 

the ALA group for one week. ALA was administered 

intraperitoneally because only 20-40% appears in 
8

the plasma due to its high first-pass metabolism.  

After completion of the study at four weeks all the 

animals were euthanized under anesthesia after the 

overnight fast as per the protocol followed at NIH, 

Islamabad. Terminal blood (4ml) was obtained to 

evaluate biochemical parameters by cardiac 

puncture method. 

Biochemical assay/parameters

Serum malondialdehyde (MDA) was estimated by 

MDA ELISA (rats) kit supplied by Cusabio Technology 

China (Cat No MD90181). Serum glucose was 

calculated using glucose oxidase method. TG and 

HDL cholesterol was estimated by enzymatic 

colorimetric method and a kit supplied by Cusabio 

Technology China (Cat No. 40334). Total cholesterol 

was measured by cholesterol esterase method by 

using the kit of Pioneers Diagnostic, UK (Cat No. 

72802). 

Statistical analysis

SPSS version 23 software was used by analysis of 

recorded data. One-way ANOVA (Analysis of 

Variance) was used for comparisons between the 

groups on multiple parameters. Post hoc Tukey's test 

was applied to confirm the differences among the 

groups. p value< 0.005 significant.

Results
T2DM induction in diabetic and ALA groups is 

presented as increased body weight and high Plasma 

glucose levels (PGLs) in Table: 2 as compared to 

healthy normal controls. Plasma glucose level >16.65 

mmol/l in Sprague Dawley rats confirms the T2DM as 
9per criteria set by Yassin and Mwafy.  Increase body 
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weight is ALA and diabetic group is due to calorie rich 

high fat diet consumption for three weeks.

Body weight, PGLs and Lipid profile are presented in 

Table 3 recorded at the end of the study. 

PGLs and LP were deranged and body weight 

increased significantly in the diabetic group 

compared to controls and ALA treated group. ALA 

supplementation effects were evident from 

reduced blood glucose levels, normalized the lipid 

profile (low levels of TG's, cholesterol and LDL and 

high levels of HDL) in ALA group compared to the 

diabetic group (p<0.001).

Serum malondialdehyde (MDA) levels recorded after 

the completion of study to assess the oxidative stress 

in all groups. Diabetic group depicts high Levels 

(7.67±.71) indicating high oxidative stress compared 

to ALA (4.25±.82) and normal control group 

(3.61±.66) groups. There was no significant 

difference among ALA and control group which was 

further confirmed by applying the Post Hoc Tukey's 

All values have been expressed as mean ± SD (standard deviation)
p-value <0.05 is considered significant

All values have been expressed as mean ± SD (standard deviation)

p-value <0.05 is considered significant

Test. Control vs diabetic (p<0.001) control vs ALA 

(p=0.02) diabetic vs ALA (p<0.001)

Discussion
Most commonly used method in scientific research 

to study diabetes mellitus, test possible treatments, 

and comprehend the underlying causes of the 

disease is the creation of a diabetic rat model. 

Sprague Dawley rats were used because of their 

easily operated, convenient low price and similarity 
10with human metabolic attributes.  Diet with high 

quantity of fats increased body lipids which causes 

resistance to actions of insulin burdening β cells of 

The Effects of Alpha Lipoic Acid on Oxidative Stress, Lipid Profile, and Blood Glucose LevelsLife & Science 2024 Vol. 5, No. 1

91



rat's pancreas. STZ was injected to induce T2DM by 

causing β cell death in the pancreas islet of 

Langerhans and grossly reduced β cells mass which 
11led to the development of frank hyperglycemia.  The 

blood glucose level >11.11mmol/L was used as the 

“cut off value” for confirming the presence of 

diabetes mellitus; the criteria laid down by Maged 
12and Saleh for Sprague Dawley rats.   This is the same 

T2DM rat model as used by Srinivasan and his 

colleagues (high calorie fat rich diet and single 

injection of low dose streptozotocin (30-40mg/kg 
1 3

body weight).  This protocol conveniently 

developed diabetes mellitus in 3 weeks reducing the 

overall cost and duration of the study. Reed et al 

initially developed the fat fed-streptozotocin rat's 

model of type II diabetes mellitus in which he used 

high dose of streptozotocin (50 mg/kg, intravenous) 

for inducing diabetes. This caused extreme insulin 

deficiency and overt hyperglycemia in rats and their 

characteristics were similar to type T1DM-1 than to 
14T2DM.

Hyperglycemia in diabetic and ALA groups as shown 

by high blood glucose levels was mainly because of 

Insulin resistance, decreased glucose utilization in 

the peripheral tissues, increase breakdown of stored 

glycogen and increase gluconeogenesis.  Decreased 

glucose uptake and its utilization in peripheral 

tissues caused increased dependence on alternate 

sources of energy. With increase lipolysis there is 

more production of VLDL which causes increased LDL 
15

levels and decreased HDL levels.  This ultimately 

deranged blood lipid levels in diabetic and ALA 

groups.

ALA was injected 200mg/kg intraperitoneally in this 

study for effective plasma levels and optimal 

bioavailability, this concentration of ALA was safe 

and produced desired metabolic effects in Sprague 
16Dawley rats effectively without any side effects.  ALA 

is a powerful antioxidant by oxidizing the reactive 

oxygen species and nitrogen species and it also help 

regenerate oxidized antioxidants like vitamin E 
17vitamin C glutathione and ascorbic acid.  Serum 

MDA levels indicate oxidative stress. Serum MDA 

levels in control group of Sprague Dawley rats was 

3.6 µmol / L which was consistent with the published 

data of different studies. Ruifen Zhang et al 

measured the serum MDA levels in healthy Sprague 

.18Dawley rats as 3.9 ± 0.44 µmol / L.  Markedly 

decrease serum MDA levels in ALA group indicate 

reduced oxidative stress (Figure 1) as compare to 

diabetic group proving its antioxidant effects as 

studied by Pınar N et al and Kim MY et al. 

ALA also decreases plasma glucose levels in ALA 

treated group as compare to (diseased) diabetic 
8,19group (p<0.001).  ALA increases glucose uptake 

peripheral tissues via increase glucose transporters 

(GLUT4) redistribution in the cell membrane, 

increase phosphorylation of insulin receptor it also 

increases glycogen synthesis and increase oxidation 

of glucose normalizing glucose levels in ALA treated 

group. ALA also decrease gluconeogenesis by 

inhibiting pyruvate carboxylase further decreasing 
20

the PGLs.   Garkuwa UA et al studied the anti-

glycemic effects of ALA in Wister rats and  it showed 

that ALA administration lowers glucose levels in 
21Wister rats as well.

Lipid profile was also normalized (TGs, cholesterol 

and LDL levels decreased and increase levels of HDL 

in the ALA group as compare to diabetic group. ALA 

supplementation effects on glucose metabolism 

stimulate fatty acid oxidation and lipolysis in 

mitochondria which decreases the blood 
22triglycerides and cholesterol levels.  Enhanced 

glucose uptake and inhibition of pyruvate 

carboxylase and stimulation of pyruvate 

dehydrogenase reduces the levels of acetyl-CoA 

which ultimately enhances the glycolysis and further 
23

improves the lipid profile.  Seo EY and his colleagues 

studies the effects of alpha Lipoic acid on lipid profile 

of obese Sprague Dawley rats having HFD for two 

weeks and it shown that oral administration of ALA 

for 04 weeks significantly corrects the lipid profile. on 

contrary to his  study we used ALA for two weeks only 

and showed the same results as we give ALA I/V as 

compare to Seo et al which shows its better 
24bioavailability.  

Our study explored the metabolic derangements of 

diabetes mellitus and beneficial effects of ALA on 

oxidative stress, blood glucose levels and lipid profile 

status in diabetic rats. The ALA mechanism of action 

on glucose transporters and insulin receptors at 

molecular levels could not be assessed in this study 

due to financial constraints and time limitation. Our 

study was animal based and uses of ALA as an ad-
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junct therapy in treating T2DM and its associated 

complications and its beneficial effects in humans 

can further be explored in our clinical setups

Conclusion
Alpha Lipoic acid supplementation has antioxidant, 

improvement of plasma glucose levels and serum 

lipid profile measures in T2DM rats. ALA 

supplementation in humans as trial in Pakistan is 

recommended for therapeutic use to verify its 

efficacy as adjunct therapy for antidiabetic and anti-

dyslipidemic agent.
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