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Abstract OBJECTIVES: L-carnitine is a naturally compound widely distributed in the body. 
It has an antiradical effect and decreases lipid peroxidation. In acute or chronic 
streptozotocin (STZ)-induced diabetic rats, the pancreatic content of carnitine 
was found to be significantly lower than nondiabetic group. We investigated the 
effects of L-carnitine on the development of STZ-induced diabetes in rats, to 
determine if L-carnitine can prevent the onset of diabetes or reduce the severity 
of hyperglicemia and this prevention/reduction is associated with the reduction 
in oxidative stress.
SETTING AND DESIGN: The rats were divided into 3 groups: Control, STZ-treated 
(65 mg/kg intraperitoneally) and L-carnitine (500 mg/kg) and STZ-treated. 
METHODS: Oxidative stress was assessed by measuring pancreatic thiobarbituric 
acid reactive substance (TBARS) formation levels using the method of Rehncrona 
et al, pancreatic superoxide dismutase (SOD) and glutathione peroxidase (GPx) 
activities using a Randox test combination (RANSOD and RANDOX).
RESULTS: L-carnitine did not prevent the onset of diabetes at this dose. Develop-
ment of diabetes was associated with an increase in pancreatic TBARS (0.028 ± 
0.008 and 0.046 ± 0.017 nmol/mg Protein, respectively), and GPx activity (0.067 ± 
0.011 and 0.098 ± 0.016 U/mg Protein, respectively).
MAIN FINDINGS: L-carnitine prevented this increase induced by diabetes; TBARS 
(0.039 ± 0.006 nmol/mg Protein) and GPx activity (0.053 ± 0.011 U/mg Protein).
CONCLUSION: These results suggest that L-carnitine exerts anti-oxidative effect in 
experimental diabetes. 

Introduction

Animal models of diabetes mellitus can be pro-
duced by use of chemicals such as streptozotocin 
(STZ). It is an agent widely employed to induce 
experimental diabetes due to its ability to selec-
tively targets and destroys insulin producing pan-
creatic islet β-cells [1, 2]. Its diabetogenic action 
is considered as follows; STZ causes DNA strand 
breaks in pancreatic islets and stimulates nuclear 
poly (ADP ribose) synthetase and thus depletes 
the intracellular NAD and NADP levels. NAD 

Abbereviations
STZ: Streptozotocin
SOD: Superoxide dismutase
GPx: Glutathione peroxidase
TBARS: Thiobarbituric acid reactive substance
ROS: Reactive oxygen substances
DNA: Deoxyribonucleic acid
ADP: Adenin diphosphate
NAD: Nicotinamide adenin dinucleotide
NADP: Nicotinamide adenin dinucleotide phosphate
INT:  2-4-iodophenyl-3-4-nitrophenol-5 phenyl tetrazo-

lium chloride
NADPH:  Reduced nicotinamide adenin dinucleotide phos-

phate hydrogene
GOD/PAP: 4-aminophenazone, glucose oxidase, peroxidase
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depletion by STZ inhibits proinsulin synthesis and thus 
induces diabetes [3]. On the other hand, reactive oxy-
gen species (ROS), such as superoxide, hydrogen per-
oxide, hydroxyl radical and singlet oxygen, have been 
implicated to play important roles in diabetes. Also in 
the case of diabetic models induced by STZ, ROS were 
proposed to formed and involved in the death of β-cells 
[4, 5]. 

Superoxide radicals are converted to hydrogen per-
oxide by superoxide dismutase (SOD) and hydrogen 
peroxide is converted to water by glutathione peroxi-
dase (GPx) and/or catalase [6]. Hydrogen peroxide can 
react with transition metals in Fenton reactions, thereby 
being converted into hydroxyl radicals. Hydrogen per-
oxide can cross all membranes and lead to hydroxyl 
radical formation at more distant sites. The hydroxyl 
radical can cause lipid peroxidation, which in turn leads 
to damage of cellular organels and membranes, thus 
causing cell death [6].

With respect to oxidative stress, an increased free 
radical generation was reported in diabetic plasma and 
tissues. In diabetes, oxidative stress seems mainly due 
to both increased free radical concentrations and sharp 
reduction of antioxidative defences [7]. 

L-carnitine is a naturally occurring compound 
and an antiradical widely distributed in the body, and 
decreases lipid peroxidation [8]. L-Carnitine prevents 
TBARS formation and elevation of antioxidants in aged 
rats brain [8]. Many physiologic and pathologic condi-
tions affect blood, tissue and urinary concentrations of 
carnitine in both animal and human subjects. In acute 
or chronic STZ-induced diabetic rats, the pancreatic 
content of carnitine was found to be significantly lower 
than in nondiabetic control rats [9].

Studies on the antioxidant effect of carnitine on dia-
betes mellitus are not found. We investigated the effect 
of L-carnitine on the diabetogenic action of STZ in 
rats.

Materials and methods
Animals and chemicals
Male Wistar Albino rats weighing 290–350 g were 

used. Drugs used were streptozotocin (Sigma Chemical 
Co.), L-carnitine (Sigma Tau Pharmaceuticals.)

Rats were divided into three groups, as follows: 

Group I: Saline-treated rats, 
GroupII: Saline plus streptozotocin-treated, 
Group III: L-carnitine plus streptozotocin-treated rats. 

Group III rats were injected intraperitoneally with 
L-carnitine a dose of 500 mg/kg (dissolved physiologic 
solution) for 30 consecutive days [10]. Group II and 
Group I rats received an equal volume of serum physi-
ologic. On day 31, Group II and group III rats received 
a single dose streptozotocin (Sigma, Deisenhofen, Ger-
many), 65-mg/kg bodyweight [9], intraperitoneally. 
Streptozotocin was dissolved in 1.0 ml of 0.1mol/l citrate 
buffer pH 4.5. L-carnitine injections were performed 18 
consecutive days after STZ injection at Group III rats. 

Blood glucose from the tail vein was assayed 24 and 48 
hours later from streptozotocin injection. Blood glucose 
assays were performed weekly.

Tissue sampling
Eighteen days after the STZ injection, animals were 

killed by cervical dislocation. Their pancreatic tissues 
were quickly removed. Tissues were washed in cold 
homogenate medium and visible clots removed to mini-
mise blood contamination. Tissue homogenates were 
prepared as described by Carrillo et al [11]. An aliquot 
of the homogenate and supernatant was stored –70 °C 
until the determination of TBARS levels and enzyme 
activities. Blood samples were drawn from the left ven-
tricle of heart.

Determination of SOD activity
SOD activity was determined using a Randox test 

combination (RANSOD). Xanthine and xanthine oxi-
dase were used to generate superoxide radicals that 
react with 2-4-iodophenyl-3-4-nitrophenol-5 phenyl 
tetrazolium chloride (INT) to form a red formazan 
dye. Concentration substrates were 0.075 µmol for 
xanthine and 0.037 µmol for INT. SOD inhibits this 
reaction by converting the superoxide radical to 
oxygen. A SOD unit inhibits the rate of reduction of 
INT by %50 in a complex system with xanthine and 
xanthine oxidase. Due to small linearity range of the 
test, the sample must be diluted so that the percentage 
of inhibition falls between %30 and %60. A standard 
curve was prepared using the standard provided in the 
kit, and the value for the supernatant was read from 
this curve. SOD activity was measured at 505 nm on a 
Shimadzu UV-1201V spectrometer in the supernatant. 
Results were expressed as SOD U/mg protein.

Determination of GPx activity
GPx was determined using a Randox test combina-

tion (RANSEL). GPx catalyses the oxidation of glutathi-
one (at a concentration of 5 µmol) by cumene hydroper-
oxyde according to method of Paglia et al [12]. In the 
presence of glutathione reductase (at a concentration 
>0.75. 10–3 U) and 0.35 µmol of NADPH, the oxidized 
glutathione is immediately converted to reduced form 
with a concomitant oxidation of NADPH to NAD+. 
The decrease in absorbance at 340 nm was measured 
at 37 °C. The assay was performed on a supernatant. 
The GPx unit was defined as the enzyme activity neces-
sary to convert 1 µmol of NADPH to NADP in 1 min. 
Results were expressed as GPx U/mg protein. 

Determination of TBARS level
TBARS level was estimated according to the method 

of Rehncrona et al [13]. 0.5 ml of homogenates were 
extracted with 0.5 ml of trichloroacetic acid (20% wt/
vol). After centrifugation, 0.9 ml of supernatant was 
added to 1 ml of thiobarbituric acid (0.67% wt/vol). 
The samples were heated in boiling water for 10 min. 
After cooling the absorbance was recorded at 532 nm. 
A standard curve was prepared using 1, 1, 3, 3-tetraeth-
oxypropane and the value for the homogenate was read 
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from this curve. The results were expressed as nmol/mg 
protein. 

Determination of protein concentration
Protein contents of supernatant and homogenate 

were determined using the modification proposed 
by Markwell et al [14] of the method of Lowry using 
bovine serum albumin as a standard.

Determination of plasma glucose concentration
Plasma glucose was determined using a Randox 

Lab. GOD/PAP (4-aminophenazone, glucose oxidase, 
peroxidase) Liquid kit. Glucose is determined after 
enzymatic oxidation in the presence of glucose oxidase. 
The hydrogen peroxide formed reacts, under catalysis 
of peroxidase, with phenol and 4-aminophenazone to 
form a red-violet quinoneimine dye as indicator. The 
absorbance at 500nm was measured. Normal serum or 
plasma values are 4.2–6.4 mmol/L or 75–115 mg/dl.

Statistics

The results of the experiments are expressed as mean 
± SD. Statistical analysis was performed with ANOVA 
post hoc Tukey HSD, with p<0.05 regarded as signifi-
cant.

Results

Blood glucose levels were within normal limits in the 
control group. Animals from Group 2 became diabetic 
upon STZ treatment. Group 3 animals blood glucose 
levels were within diabetic limits after STZ treatment 
(Table 1). Animals were considered as being diabetic 
when glycaemia exceeded 11 mmol/L [19]. It appears 
from the data that injection with 500 mg/kg L-carnitine 
prior to STZ treatment did not prevent the incidence of 
diabetes.

The SOD activity in rats treated with streptozotocin 
was not different from that in the control group and 
L-carnitine treated rats (Table 2). 

The GPx activity in Group II was increased in com-
parison to the control group. GPx activity in Group III 
rats was below the activity in Group II rats (Table 2).

The TBARS formation levels in Group II rats were 
increased in comparison to the control group. The 
administration of L-carnitine to STZ-treated rats 
caused a decrease in TBARS levels in comparison to 
the diabetic group (Table 2).

Discussion

The present study suggests that streptozotocin causes 
an increase of GPx enzyme activity and TBARS forma-
tion levels. Exogenous L-carnitine causes a decrease in 
TBARS formation levels and GPx enzyme activity in 
diabetic rats. Streptozotocin is widely used in studies 
of experimental diabetes because it selectively destroys 
the pancreatic β-cell. A considerable body of evidence 
indicates that the generation of ROS may mediate this 
cytotoxic effect. An increase of ROS productions has 
also been pointed out as a main instrument of destruc-
tion in streptozotocin-damaged pancreatic islets [4, 5]. 
These results indicate the important role of L-carnitine 
in the development of oxidative stress. 

Diabetes mellitus-associated increase in lipid 
peroxidation was observed in our study. Upon L-car-
nitine administration, a decrease in lipid peroxidation 
was observed. This may be due to its active role in the 
transport of fatty acids for energy production, thereby 
lowering the availability of lipids for peroxidation [15]. 

The production of highly reactive oxygen species 
such as O2•–, H2O2 and OH• are also catalysed by 
free iron through Haber-Weiss reaction [16]. Carni-
tine and its esters have been shown to partially inhibit 

Table 1 Blood glucose concentrations (mmol/dl) in rats1

Groups Before experiment 48 hours after STZ injection End of the experiment

 (mmol/dl) (mmol/dl) (mmol/dl)

Control  6.544 ± 0.442 6.659 ± 0.325 7.272 ± 1.185

STZ 5.774 ± 0.178 11.542 ± 0.121* 12.367 ± 0.887*

STZ + L-carnitine 6.090 ± 1.067 11.952 ± 0.189 * 12.419 ± 0.153*

1 The values represent mean ± S.E.M of seven animals per group.

* Means, p<0.001, in comparison with saline-treated rats (by Tukey HSD test)

Table 2 Pancreas Superoxide Dismutase (SOD) (U/mg Protein), Glutathione Peroxidase (GPx) (U/mg Protein) enzim activities and 

thiobarbituric acid reactive substance (TBARS) (nmol/mg Protein) levels1

Groups SOD U/mg Protein GPx U/mg Protein TBARS nmol/mg Protein

Control 0.979 ± 0.082 0.067 ± 0.011 0.028 ± 0.008

STZ 1.088 ± 0.103 0.098 ± 0.016* 0.046 ± 0.017*

STZ + L-carnitine 1.155 ± 0.110 0.053 ± 0.011** 0.039 ± 0.006**

1 The values represent mean ± S.E.M of seven animals per group.

* Means, p<0.001, in comparison with saline-treated rats (by Tukey HSD test)

** Means, p< 0.05, in comparison with STZ-treated rats (by Tukey HSD test)
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iron-induced lipid peroxidation in liposomes [17] by 
forming complexes with free iron. Thus, the reduction 
in lipid peroxidation in the present study is due to the 
iron-chelating property of L-carnitine.

Diabetes-related increase in lipid peroxidation might 
be the reflection of the increase in enzymatic and non-
enzymatic antioxidant protection. The antioxidant 
defense system is composed mainly of three enzymes; 
glutathione peroxidase, superoxide dismutase and 
catalase [18]. Kakkar R et al reported that glutathione 
peroxidase activities increased in pancreas in diabetic 
rats [18]. In the present study, TBARS levels and GPx 
activity were increased in diabetic rats. The increase in 
reactive oxygen species (ROS) may induce GPx activ-
ity. However, L-carnitine prevented such increase. The 
decrease in GPx activity can be the result of the decrease 
of ROS. 

SOD activity is not altered significantly by diabetes; 
L-carnitin supplementation did not alter this situation. 

Many physiologic and pathologic conditions affect 
blood, tissue and urinary concentrations of carnitine in 
both animal and human subjects. Reddi et al. reported 
that both short- and long-term diabetes caused a sig-
nificant decrease in pancreatic carnitine content, which 
is probably due to the decrease in uptake or the enhance 
in degradation [9]. For this reason, we aimed to admin-
istrate L-carnitine in diabetic rats. 500 mg/kg L-carni-
tine administration does not alter blood glucose levels 
after streptozotocin injection in rats. Thus, 500mg/kg 
L-carnitine did not prevent streptozotocin-induced 
diabetes in rats. 

In conclusion, this study suggests that STZ-induced 
diabetes is mediated through oxidative stress and that 
L-carnitine is not effective at this dose in reducing the 
STZ-induced diabetes mellitus. However, L-carnitine 
administration significantly decreases TBARS levels 
and GPx activity in this model. 

Acknowledgments

This work was supported by Dokuz Eylul University, 
Research Foundation. Grant No: 0909. 98.01.01.

  

  REFERENCES

 1 Johansson EB, Tjalve K. Studies on the tissue-disposition and 
fate of [14C] streptozotocin with special reference to the pan-
creatic islets. Acta Endocrinologica 1969; 89:339–47.

 2 Gonzalez E, Rosello-Catafau J, Jawerbaum A, Sinner D, Pustovrh 
C, Vela J, et al. Pancreatic nitric oxide and oxygen free radicals in 
the early stages of streptozotocin-induced diabetes mellitus in 
the rat. Brazilian Journal of Medical and Biology Research 2000, 
33:1335–42.

 3 Oberley LW. Free radicals and diabetes. Free Radical Biology and 
Medicine 1988; 5:113–24.

 4 Papaccio G, Pisanti FA, Frascatore S. Acetyl-homocysteine-thio-
lactone-induced increase of superoxide dismutase counteracts 
the effect of subdiabetogenic doses of streptozocin. Diabetes 
1986; 35:470–4.

 5 Ohkuwa T, Sato Y, Naoi M. Hydroxyl radical formation in diabetic 
rats induced by streptozotocin. Life Science 1995; 56:1789–98.

 6 Halliwell B. Oxidants and the central nervous system: some fun-
damental questions. Is oxidant damage relevant to Parkinson’s 
disease, Alzheimer’s disease, traumatic injury or stroke? Acta 
Neurologica Scandinavica 1986; 126:23–33.

 7 Kakkar R, Kalra J, Mantha SV, Prasad K. Lipid peroxidation and 
activity of antioxidant enzymes in diabetic rats. Molecular and 
Cellular Biochemistry 1995, 18:113–9.

 8 Rani PJA, Panneerselvam C. Carnitine as a free radical cavenger 
in aging. Experimental Gerontology 2001; 36:1713–26. 

 9 Reddi AS, Jyothirmayi GN, DeAngelis B, Frank O, Baker H. Effect 
of short- and long-term diabetes on carnitine and myo-inosi-
tol in rats. Comperative Biochemistry and Physiology A 1991; 
98:39–42.

 10 Soneru IL, Khan T, Orfalian Z, Abraira C. Acetyl-L-carnitine effects 
on nerve conduction and glycemic regulation in experimental 
diabetes. Endocrine Research 1997; 23:27–36.

 11 Carrillo MC, Kanai S, Nokubo M, Kitani K. (-) deprenyl induces 
activities of both superoxide dismutase and catalase but not of 
glutathione peroxidase in the striatum of young male rats. Life 
Science 1991; 48:517–21.

 12 Paglia DE, Valentine WN. Studies on the quantitative and quali-
tative characterization of erythrocyte glutathione peroxidase. 
Journal of laboratory and Clinical Medicine 1967; 70:158–69.

 13 Rehncrona S, Smith DS, Akesson B, Westerberg E, Siesjo BK. Per-
oxidative changes in brain cortical fatty acids and phospholip-
ids, as characterized during Fe2+– and ascorbic acid-stimulated 
lipid peroxidation in vitro. Journal of Neurochemistry 1980; 
34:1630–8.

 14 Markwell MA, Haas SM, Bieber LL, Tolbert NE. A modification of 
the Lowry procedure to simplify protein determination in mem-
brane and lipoprotein samples. Analytical Biochemistry 1978; 
15:206–10.

 15 Kalaiselvi T, Panneerselvam C. Effect of L-carnitine on the status 
of lipid peroxidation and antioxidants in aging rats. Journal of 
Nutritional Biochemistry 1998; 9:575–81.

 16 Halliwell B, Gutteridge JMC. Free radicals in biology and medi-
cine. In: The chemistry of free radicals and releated ‘reactive spe-
cies’. 3rd ed. London: Oxford press; 1998. p.36–104.

 17 Arduini A. Carnitine and its acetyl esters as secondary antioxi-
dants? American Heart Journal 1992; 123:1726–7.

 18 Kakkar R, Mantha SV, Radhi J, Prasad K, Kalra J. Increased oxida-
tive stress in rat liver and pancreas during progression of strep-
tozotocin-induced diabetes. Clinical Science 1998; 94:623–32.

 19 Papacci G, Frascatore S, Pisanti FA. An increase in SOD counter-
acts islet vascular alterations in low dose streptozotocin treated 
mice, Histochemistry 1994; 101:215–24.


