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Abstract The anti oxidative effect of administration of

100 mg/kg bw and 200 mg/kg bw of the flower powder of

Cassia auriculata (CFP) for 45 days to normoglycemic and

diabetic rats (streptozotocin induced) was studied. Anti

oxidative effect was not observed in normoglycemic rats in

the experiment. There was significant (P [ 0.05) increase

in the level of Thio Barbituric Acid Reactive Substances

(TBARS), hydroperoxide and conjugated dienes and sig-

nificant (P [ 0.05) decrease in the catalase, superoxide

dismutase and glutathione peroxidase activities and in the

level of ascorbic acid, vitamin E and reduced glutathione in

diabetic rats. The flower powder of Cassia auriculata

significantly (P [ 0.05) decreased the TBARS, hydroper-

oxide and conjugated dienes and increased the antioxidant

enzymes (catalase, superoxide dismutase and glutathione

peroxidase) and non enzymic anti oxidants (ascorbic acid,

vitamin E and reduced glutathione). The antioxidatve

effect of 200 mg/kg bw CFP was significantly (P [ 0.05)

better than 100 mg/kg bw CFP and the reference drugs

(tolbutamide and metformin). The mode of action of CFP

remains to be elicited.
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Introduction

Diabetes mellitus is a disorder of carbohydrate metabolism

in which the ability to oxidize and utilize carbohydrates is

lost as a result of disturbances in normal insulin mecha-

nism. Clinical and experimental evidences indicate that

free radicals play important roles in many physiological

and pathological conditions [1]. Oxidative stress is a dis-

turbance in the balance between the production of the

reactive oxygen species (free radicals) and antioxidant

defenses, which may lead to tissue injury [2]. There is

considerable evidence that oxidative stress is implicated in

the development of diabetic complications [3]. The

mechanisms behind the apparent increased oxidative stress

in diabetes are not entirely clear. Accumulating evidence

points to a number of inter related mechanisms increasing

production of free radicals such as super oxide or

increasing production of reactive oxygen and nitrogen

species or decreasing anti oxidant status [4]. These mech-

anisms include glycoxidation and formation of advanced

glycation products (AGE), activation of the polyol pathway

and glutathione redox status ascorbate metabolism antiox-

idant enzyme inactivation and perturbation in the nitric

oxide and prostaglandin metabolism [5]. The flower of

Cassia auriculata is being used as popular remedy for the

treatment of diabetes mellitus in Ayurveda and Siddha

medicine [6] .

The present study was planned to evaluate the anti

oxidative effect of anti diabetic herbal drug Cassia auric-

ulata flower powder in streptozotocin induced diabetic rats.
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Materials and methods

Preparation of Cassia auriculata Flower Powder (CFP)

Fresh flower of Cassia auriculata was collected from SKM

Herbal Research Centre, Erode, Tamil Nadu and dried in

shade. The flowers weighing 1 kg were finely powdered in a

mill, sieved with a fine mesh and stored in an airtight container.

The containers were kept in a deep freezer till the time of use.

Experimental design

Healthy male Wistar rats (bw 250–300 g) were obtained

from Central Animal House, Raja Muthiah Medical

College, Annamalai University, Chidambaram. The ani-

mals were housed in a clean and well ventilated animal

house. They were fed with a standard pelleted diet (Gold

Mohur, India) and drinking water ad libitum. The rats were

divided into eight groups of ten rats each to determine the

anti oxidative effect of flower powders of Cassia auriculata

Group I: Control animals receiving standard diet.

Group II: Animals receiving CFP(100 mg/kg bw) in

1 ml distilled water orally daily for 45 days.

Group III: Animals receiving CFP (200 mg/kg bw) in

1 ml distilled water orally daily for 45 days.

Group IV: Diabetic rats receiving standard diet.

Group V: Diabetic rats receiving CFP (100 mg/kg bw) in

1 ml distilled water orally daily for 45 days.

Group VI: Diabetic rats receiving CFP (200 mg/kg bw)

in 1 ml distilled water orally daily for 45 days.

Group VII: Diabetic rats receiving bw Tolbutamide

(200 mg/kg bw) in 1 ml distilled water orally daily for

45 days.

Group VIII: Diabetic rats receiving Metformin (10

mg/kg bw)in 1 ml distilled water orally daily for 45 days.

Induction of Diabetes Mellitus in Experimental

Animals

Diabetes mellitus was induced in Group IV–VIII by a

single intraperitoneal injection of streptozotocin (Upjohn

company, Kalamazoo, MI, USA) dissolved in 0.1 M citrate

buffer, pH 4.5 at a dose of 70 mg/kg body weight and after

15 days diabetes was confirmed by the presence of high

blood and urine glucose level. Control rats were given a

vehicle injection at the same time when the diabetic con-

dition was induced in experimental animals.

Estimations

The animals were sacrificed by cervical dislocation on 46th

day of the experiment and blood, liver and kidney were

collected and stored at 48C for different biochemical esti-

mations. MDA (TBARS) [7], Hydroperoxides [8], conju-

gated dienes [9] were estimated in blood, liver and kidney.

Superoxide dismutase activity was determined by the

method of Kakkar et al. [10]. The activity of catalase was

determined by the method of Sinha [11]. Glutathione per-

oxidase was estimated by the method of Rotruck et al.

[12.]. The concentrations of antioxidants reduced gluta-

thione [13] and ascorbic acid [14] were also estimated.

Statistical Analysis

All the data were statistically evaluated and the signifi-

cance calculated using two ways ‘ANOVA’. All the results

were expressed as mean ± SD.

Results and Discussion

There is increasing demand by patients to use natural

products with antidiabetic activity. This is because insulin

cannot be used orally. Besides, certain oral hypoglycemic

agents are not effective in lowering the blood sugar in

chronic diabetic patients [15]. This is the main reason for

the persistent interest all over the world to explore alter-

native remedies. Cassia auriculata is one of the herbs used

in herbal formulations to treat diabetes [16]. Cassia

auriculata alone also has antidiabetic and anti lipidemic

effect [17]. The anti oxidative effect of this herb on dia-

betes was investigated on streptozotocin-induced diabetes

mellitus in rats in the present study.

Changes in the Levels of TBARS, Hydroperoxides

and Conjugated Dienes

The level of TBARS, hydroperoxides and conjugated

dienes in serum, liver and kidney of control and experi-

mental diabetic rats consequent to the administration of

CFP is depicted in Table 1.

The levels of TBARS, hydroperoxides and conjugated

dienes in plasma and liver and kidney were significantly

(P \ 0.05) higher in streptozotocin diabetic rats when

compared to control rats. The rise of the lipid peroxidation

observed in the diabetic rats agrees with the results of

several other studies conducted on diabetic rats and human

subjects [18]. Maxwell et al. [19] have reported that lipid

peroxidation is one of the characteristic features of chronic

diabetes. Byproducts of lipidperoxidation, such as conju-

gated dienes, hydroperoxides and TBARS are increased in

cell membranes in diabetic animals. Santini et al. [20]

reported that the diabetic patients had significantly

increased levels of hydroperoxide, conjugated dienes and

TBARS compared with controls.
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In diabetic condition, the process of free radical pro-

duction may be deleterious due to increased oxidative

stress. An increase in lipid peroxides in plasma may be one

of the important factors in the development of vascular

complications and atherosclerosis in diabetes mellitus.

High lipid peroxide concentration in serum is found in

diabetic patients, who are a high cardiovascular risk group

[21].

Lipid peroxide mediated tissue damage has been

observed in both type 1 and type 2 diabetes. The reactive

compounds of peroxidation cause peroxidation of lipids

resulting in the formation of hydroperoxy fatty acids and

endoperoxides. Hydroxyperoxide and an oxidant can form

free radicals with ferrous ion and oxygen radicals. These

free radicals can attack the phospholipids of membrane

causing lipid peroxidation [22]. Increased concentration of

lipid peroxide in the liver can result in decreased activity of

cytochrome p450 and cytochrome b5, and this may affect

the drug metabolizing activity in chronic diabetes The

increased concentration of lipid peroxidation byproducts

(TBARS, conjugated dienes and hydroperoxide) in the

kidney of diabetic rats may be due to increased breakdown

of lipid constituents of renal membrane, thus altering the

membrane integrity and function [23].

Oral administration of CFP 100 and 200 mg to strep-

tozotocin-diabetic rats caused a significant (P \ 0.05)

decrease in the level of TBARS, conjugated dienes and

hydroperoxides in plasma, liver and kidney as compared to

that of diabetic rats. This may be due to the anti-peroxi-

dative effect of the components present in CFP. The ref-

erence drugs tolbutamide and metformin also decreased the

level of TBARS, conjugated dienes and hydroperoxides in

plasma, liver and kidney of streptozotocin-induced diabetic

rats significantly (P \ 0.05). Both the concentrations of

CFP showed better effect than tolbutamide and metformin

in this respect. The CFP at the concentration of 200 mg is

significantly more effective in lowering the level of

TBARS in plasma and tissues than CFP at the concentra-

tion of 100 mg.

Changes in the Level of Enzymatic Antioxidants

in Diabetic Experimental Rats

Table 2 represents the activities of antioxidant enzymes

SOD, CAT and GPx. In control rats treated with CFP

100 mg and 200 mg/kg bw activities of the antioxidant

enzymes were not significantly altered in plasma, liver and

kidney.

The activities of SOD, CAT and GPx in plasma, liver

and kidney of diabetic rats were significantly decreased

when compared with those of control rats. An imbalance

between the production and scavenging of free radicals can

result in increased oxidative stress. Increased free radicalT
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generation and oxidative stress are hypothesised to play an

important role in the pathogenesis of diabetes and its later

complications [24]. Diabetic state is shown to be associated

with depletion of antioxidants [25]. Vucic et al. [26]

reported that the activity of SOD is low in diabetes

mellitus.

Decreased catalase activity in plasma and tissues of

streptozotocin diabetic rats, may be due to increased uti-

lization to scavenge the toxic products of lipid peroxidation

or decreased availability of H2O2, the substrate for catalase.

GPx functions as a free radical scavenger and repairs the

free radical induced biological damage. The activity of

GPx was decreased in plasma, liver and kidney of strep-

tozotocin-induced diabetic rats [27]. The activities of

enzymes involved in maintaining normal GSH levels also

have been found to be abnormal in tissues during hyper-

glycemia. The depletion of GSH content may also lower

the GPx activity, as GSH is required as substrate for GPx

activity [28].

Administration of both concentrations of CFP signifi-

cantly (P \ 0.05) increased the activities of enzymatic

antioxidants SOD, CAT and GPx.

Dietary supplementation of antioxidants can mitigate the

peroxidation reactions and oxidative stress in diabetic

animals. Recent investigations have shown that the anti-

oxidant properties of plants could be correlated with oxi-

dative stress defense and different human diseases [29].

CFP showed a protective effect against free radical

damage. Administration of CFP tends to bring back the

activities of antioxidant enzymes to normal levels. The

antioxidant effect of CFP was found to be more prominent

when compared to tolbutamide and metformin. CFP at the

concentration of 200 mg was found to be more effective

than 100 mg of CFP.

The results imply the antiperoxidative activity of CFP,

which could exert a beneficial action against pathological

alterations produced by the presence of O•- and •OH in

tissues. This effective antiperoxidative activity of CFP may

prevent the cardiovascular complications that may arise

due to lipid peroxidation in cardiac tissues, especially in

diabetic conditions [30].

Changes in the Level of Non Enzymic Antioxidants

in Diabetic Experimental Rats

Table 3 shows represents the levels vitamin C, vitamin E and

reduced glutathione In control rats treated with CFP 100 mg

and 200 mg/kg bw activities of the antioxidant enzymes

were not significantly altered in plasma, liver and kidney.

There was no significant change recorded in the levels of

vitamin C, vitamin E and reduced glutathione in the control

rats and those control rats treated with both concentrations

of CFP.

The plasma level of ascorbic acid was significantly

(P \ 0.05) higher in diabetic rats than in control rats and

those, treated with both concentrations of CFP. This might

be due to impaired uptake of ascorbic acid by cells.

Hypoinsulinemia and/hyperglycemia inhibits ascorbic acid

transport [31]. As the chemical structure of ascorbic acid is

similar to that of glucose, it shares the membrane transport

system with glucose and hence competes with it for its

transport. Ascorbate also acts as a prooxidant at a higher

concentration. In such a condition, ascorbate results in

increased lipid peroxidation products [32].

Table 2 Effect of CFP on the activity superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx)

Groups SOD U/mg protein/min CAT U/mg protein/min GPx U/mg protein/min

Plasma Liver Kidney Plasma Liver Kidney Plasma Liver Kidney

I 175.3 ± 8.2a 130.3 ± 6.4a 149.2 ± 5.2a 1.83 ± 0.02a 2.45 ± 0.05a 4.36 ± 0.19a 3.01 ± 0.12a 7.25 ± 0.19a 3.86 ± 0.19a

II 180.8 ± 8.1a 134.6 ± 5.9a 155.7 ± 4.9a 1.79 ± 0.01a 2.39 ± 0.04a 4.48 ± 0.21a 3.25 ± 0.14a 7.30 ± 0.23a 3.72 ± 0.17a

III 176.2 ± 7.9a 129.7 ± 6.1a 143.2 ± 5.0a 1.80 ± 0.01a 2.40 ± 0.05a 4.29 ± 0.18a 3.15 ± 0.12a 7.29 ± 0.21a 3.83 ± 0.16a

IV 389.6 ± 8.0b 210.1 ± 5.8b 210.5 ± 4.7b 3.52 ± 0.04b 6.01 ± 0.07b 6.98 ± 0.25b 6.25 ± 0.16b 10.68 ± 0.25b 7.23 ± 0.11b

V 265.5 ± 7.6c 182.6 ± 6.1c 186.4 ± 4.6c 2.50 ± 0.03c 4.28 ± 0.06c 5.25 ± 0.21c 5.24 ± 0.09c 9.25 ± 0.24c 5.24 ± 0.15c

VI 182.4 ± 7.5a 131.2 ± 6.0c 151.9 ± 5.1a 1.91 ± 0.01a 2.54 ± 0.02a 4.39 ± 0.18a 3.31 ± 0.11a 7.38 ± 0.21a 3.75 ± 0.19a

VII 256.9 ± 8.1c 173.2 ± 5.7c 187.6 ± 5.8c 2.34 ± 0.02c 4.58 ± 0.03c 5.36 ± 0.17c 4.69 ± 0.15c 9.12 ± 0.24c 5.35 ± 0.07c

VIII 272.8 ± 7.9c 165.8 ± 5.6c 171.2 ± 4.5c 2.01 ± 0.01c 4.01 ± 0.05c 5.01 ± 0.18c 4.01 ± 0.12c 8.95 ± 0.21c 4.69 ± 0.11c

Values are mean ± SD for 10 rats. Values with different superscripts differ significantly (P \ 0.05), SOD: unit = 50% inhibition of NBT

reduction, CAT: unit = lmoles of H2O2 decomposed, GPx: unit = lmoles of NADPH oxidized

I control, II C ? CFP (100 mg), III C ? CFP (200 mg), IV diabetic (D), V D ? CFP (100 mg), VI D ? CFP (200 mg), VII D ? Tolbutamide

(100 mg), VIII D ? Metformin (10 mg)
a Significantly (P \ 0.05) different from diabetic rats
b Significantly (P \ 0.05) different from normal rats
c Significantly (P \ 0.05) different from normal and diabetic rats
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Significantly (P \ 0.05) lower levels of vitamin E and

reduced glutathione were observed in diabetic control rats.

It represents the increased utilization of these antioxidants

to counteract the oxidative stress in the diabetic state [33].

The levels of ascorbic acid, a-tocopherol and reduced

glutathione were significantly (P \ 0.05) decreased in liver

and kidney of diabetic rats as compared to the various

controls. These antioxidants exist in interconvertable

(reduced and oxidized) forms. Thus, reduction in the level

of these antioxidants in the diabetic rats is attributed to the

reduced regeneration from their oxidized forms [34].

Administration of both the concentrations of CFP to

streptozotocin-induced diabetic rats prevented a significant

increase in ascorbic acid level and significant decrease in

a-tocopherol and reduced glutathione in plasma, liver and

kidney. Administration of CFP brought about a decrease in

ascorbic acid in plasma. On the contrary it is increased in

liver and kidney. The other two non-enzymic antioxidants,

a-tocopherol and reduced glutathione were increased both

in plasma and tissues, which will eventually reduce per-

oxidation. Both the concentrations of CFP were found to be

better than tolbutamide and metformin in this respect. In

comparison with 100 mg, 200 mg of CFP induced better

antioxidant effect.

Conclusion

Studies on antioxidant action demonstrated that the con-

centrations of malondialdehyde, hydroperoxides and con-

jugated dienes in serum, liver and kidney of anti diabetic

herbal drug CFP treated diabetic rats showed significant

reduction indicating the increased scavenging of lipid

peroxides or decreased rate of lipid peroxidation. Thus both

the concentrations of CFP exhibit highly significant

inhibitory effects of lipid oxidation. The end products of

lipid peroxidation are known to induce cellular damage and

free radical induced diseases like diabetes mellitus and the

secondary complications like cataract, retinopathy and

cardiovascular disorders. These can be prevented by CFP

administration.

A concomitant increase in the antiperoxidative enzymes

namely catalase, glutathione peroxidase and superoxide

dismutase in serum, liver and kidney of CFP treated dia-

betic rats was observed. Also, an increase in the non-

enzymic antioxidants, vitamin E and reduced glutathione

and decrease in ascorbic acid was observed. This indicates

that these herbal powders play an important role in scav-

enging toxic intermediates of incomplete oxidation in the

body. Antiperoxidative effect of 200 mg CFP was much

more significant than that of 100 mg of CFP.
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