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ABSTRACT
One of the major etiologies in pathogenesis of diabetes especially complications is oxidative stress. In this present

investigation the aqueous extracts of Ficus benghalensis bark antioxidant properties had been studied in albino rats
with streptozotocin-induced diabetes. Oral administration of Ficus benghalensis bark extracts for 6 weeks result as
reduction of Thiobarbituric acid reactive substances (TBARS) and hydroperoxides. Aqueous extract of Ficus
benghalensis bark at a dose of 150 mg/kg BW significantly increased in the reduced glutathione (GHS), superoxide
dismutase (SOD), catalase (CAT) in liver of streptozotocin (STZ) -induced diabetic rats. These results clearly
indicated that the antioxidant effect of aqueous extract and a dose at 500 pg/kg BW of glibenclamide reduced the
oxidative stress in diabetic rats. Medicinal plants are not only a mean of health care, but make an important
contribution to poverty eradication to livelihoods of poor communities all over the world. World trade in medicinal
plants accounts for about 30 percent of the total drug market. Interest in medicinal plants business has been rapidly

growing field and has commercial and socio-economic significance.

Keywords: Aqueous extract, Ficus benghalensis bark, Oxidative stress, Poverty eradication, Streptozotocin-
induced diabetes.

INTRODUCTION:
Diabetes mellitus (DM) refers to a common metabolic disorder that leads hyperglycemia. Diabetes mellitus

caused by a complex interaction of genetics and environmental factors. Diabetes mellitus is associated with
significantly increased oxidative stress (Mc Coll et al., 1997). Under this oxidative stress likely to affect the
mechanical behavior of the membrane are those which involve the changes in lipid composition and peroxidation of
endogenous membrane phospholipids reticulocyte and erythrocyte membranes are labile to lipidperoxidation owing
to their content of polyunsaturated lipids and to the fact that they are directly exposed to molecular oxygen and

involve in the generation of free radical intermediates and semi-stable peroxides (Tappel, 1973). Diabetics have
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been shown to have increased levels of free radical activity and are more exposed to oxidative stress. These free
radicals can react with polyunsaturated fatty acids and leads to the formation of peroxidation of membrane (Baynes,
1991). The Lipid peroxidation process is controlled by various cellular defense mechanisms of enzymatic and non-
enzymatic scavenger systems (Halliwell and Gutterridge, 1994; Simmons, 1984). Thus, these defense mechanisms
are controlled or altered in diabetes (Wohaieb and Godin, 1987). The locally available plants like Ficus bengalensis
have the capability to cure diseases traditionally since long years, due to these reasons this plant was selected for the
study. Some of studies clearly indicated that bark of Ficus benghalensis have a significant role to use as a natural
antioxidant. Therefore, there is a need to the study the antioxidant properties of plant extract on diabetes mellitus.
Ficus benghalensis bark was chosen to prepare the aqueous extract with water. An earlier study on this plant has
been made with bark only. Hence in this investigation an attempt has been made to study the effect of Ficus
benghalensis bark extract on tissue lipid peroxides and enzymatic antioxidants in rats with STZ induced diabetes.
Medicinal plants are widely used in the health-care system all over the world (Jeyaprakash et al., 2011). Interest in
medicinal plants has been rapidly on the increase in the South Asian region due to growing awareness of their
commercial and socio-economic significance.

MATERIALS & METHODS:

Male albino rats (Wistar strain) weighing 150-200gm were used in this present investigation. They were
obtained from Ethiopian health and nutrition research institute (EHNRI), Addis Ababa and housed under standard
husbandry conditions (27°C + 2°C, 50-65 % relative humidity and 12h:12h day-night cycle) and allowed standard
fed with normal laboratory pellet diet and water. The experiment was conducted according to the ethical horms
approved by Animal Ethics Committee Guidelines of the EHNRI. The bark of Ficus benghalensis were initially
separated from the main plants body and rinsed with distilled water, and dried under shade paper towel in laboratory
and then homogenized into fine particles and stored in air tight bottles and were used for all the extraction process.
The Ficus benghalensis bark powdered juice was obtained with a Turmix electric extractor with 500ml of sterile
distilled water. The juice was filtered and the residue was removed. The extract was concentrated under vacuum to
get solid yield and freeze dried and the yield was calculated. The solid extract was stored 0-4°C and used for further
study.

Diabetes was induced experimentally in albino rats by freshly prepared solution of streptozotocin (Sigma
Chemical Co. St. Louis, USA) (40 mg/kg) in 0.1mol/L cold citrate buffer, pH 4.5, was injected intraperitoneally
(Siddique et al., 1987). After 48 h the blood glucose levels were determined by using Autoanalyzer (Microlab 2000),
rats with moderate diabetes having glycosuria and hyperglycemia (i.e., blood glucose of 250-300 mg/dL) had taken
for the experiment. The experimental animals were divided into four groups. Each group has 5 rats which are group
1- normal rats; group 2- diabetic control (STZ treated); group 3 - diabetic rats were treated with aqueous extract of
Ficus benghalensis bark 150 mg/kg body weight by oral administered with an intra gastric tube (Roman-Ramos et
al., 1995); and group 4 - diabetic rats were treated with glibenclamide daily for 42 days (Pari and Uma Maheswari,
2000). After 6 weeks, the albino rats were sacrificed at the end of the experimental period of 42 days and blood was
collected for the estimation of glucose. The liver and kidneys were dissected out, washed in ice-cold saline, patted

dry and weighed.
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Fasting blood glucose was measured by the O-toluidine method (Sasaki et al., 1972). Hydroperoxide was
determined by Jiang et al., (1992). Protein content in tissue homogenate was measured by the method of Lowry et
al., (1951). Lipid peroxidation was measured by measuring the levels of MDA by the method of Nichans et al.,
1968. Reduced glutathione (GSH) (Ellman, 1959), Superoxide dismutase (SOD) (Madesh and Balasubramanian,
1998), Catalase (CAT) (Bergmayer, 1983), Thiobarbituric acid reactive substances (TBARS), (Fraga et al, 1988),
Glutathione peroxidases (GPy) (Rotruck et al, 1973) and glutathione-S-transferase (GST) (Habig et al, 1974) were
analyzed in the normal, diabetic induced and drug treated rats. The study was carried out following approved from
the Faculty of Medicine Institutional Review Board on the use and care of experimental animals.

RESULTS:

Effect of oral administration of aqueous extract of Ficus benghalensis bark and glibenclamide on blood
glucose in normal and STTZ-induced diabetic rats showed in Table 1. There were significantly decreased blood
glucose levels in treated diabetic rats compared to untreated diabetic rats. The results reveal that Ficus benghalensis
bark extract was more effective than glibenclamide. Table 2 and 3 presents the concentration of TBARS and
hydroperoxides including lipid peroxidation in liver and kidney tissues of normal and STZ-induced diabetic rats.
There was a significant elevation in liver and kidney tissues TBARS, hydroperoxides and lipid peroxidation during
diabetes compared to the corresponding control group. The oral administration of aqueous extract of Ficus
benghalensis bark and glibenclamide significantly decreased the levels of TBARS, hydroperoxides and lipid
peroxidation in liver and kidney of rats with streptozotocin-induced diabetes.

Table-1: Effect of aqueous extract of Ficus benghalensis bark on blood glucose in normal and STZ-induced diabetic

rats.

Group Blood glucose (mg/dL)
Normal 80.10 £ 2.20
Diabetic control 274.20 £13.50
Diabetic + Ficus benghalensis 93.47+4.12

(250 mg/kg)

Diabetic + Glibenclamide 99.85+ 7.25

(500 pg/kg)
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Table-2: Effect of aqueous extract of Ficus benghalensis bark on concentration of TBARS and hydroperoxides in

liver and kidney of normal and STZ-induced diabetic rats.

Group Hydroperoxides

(mmol/L per 100 g tissue) (mmol/L per 100 g tissue)
Liver Kidney Liver Kidney

Normal 0.792 £ 0.06 1.350£0.11 65.20 £ 2.15 51.63 +£2.43

Diabetic control 1.620 £ 0.16 2.062 £ 0.13 92.85 +3.75 70.45+4.20

Diabetic + Ficus 1.150 £ 0.07 1.420 £ 0.04 78.59 £ 3.64 62.38 +3.91

benghalensis (250

mg/kg)

Diabetic + 1.261 +0.08 1.630 £ 0.06 83.41 +4.25 67.50 £ 2.40

Glibenclamide (500

Hg/kg)
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Table-3: Effect of aqueous extract of Ficus benghalensis bark on concentration of lipidperoxides in liver and kidney

of normal and STZ-induced diabetic rats.

Group Tissue MDA
(mmol/L per 100 g tissue)
Liver Kidney

Normal 292.58 +1.85 288.31+1.15
Diabetic control 358.29 +1.28 356.45 +1.73
Diabetic + Ficus 305.92 + 1.56 273.48 +1.55
benghalensis

(250 mg/kg)

Diabetic + Glibenclamide 335.75+1.25 297.86 +1.35
(500 pg/kg)
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Table-4: Effect of aqueous extract of Ficus benghalensis bark on the level of reduced glutathione in liver and

kidney of normal and STZ-induced diabetic rats.

Group Reduced Glutathione
(mg/100 g tissue)
Liver Kidney

Normal 46.80 £ 3.78 32.18+1.61
Diabetic control 21.40+2.91 20.68 + 1.26
Diabetic + Ficus benghalensis 41.20 +1.87 2790+ 1.45
(250 mg/kg)

Diabetic + Glibenclamide (500 36.12 + 2.65 25.20+1.25
Hg/kg)

e JEFANS 972

IW' International Journal of
Food And Mutritional Sciences
=

................................................... -
Plel i el e Bl =



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876

Research paper ~ © 2012 IJFANS. All Rights Reserved,

Table-5: Effect of aqueous extract of Ficus benghalensis bark on activities of SOD, Catalse of liver and kidney of

normal and STZ-induced diabetic rats.

Group

(U/mg protein)

(U/mg protein)

Liver Kidney Liver Kidney
Normal 9.00+£0.25 13.52 £ 0.78 81.25 + 5.65 40.00 + 2.25
Diabetic control 3.50£0.23 8.40+0.35 40.20 + 3.45 22,28 +1.15
Diabetic + Ficus 5.89+0.35 10.75 + 0.65 65.47 + 3.39 34.62 + 1.58
benghalensis (250
mg/kg)
Diabetic + 495+0.11 9.80+£0.72 60.50 £ 2.79 29.45+1.16

Glibenclamide (500

Hg/kg)
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Table-6: Effect of aqueous extract of Ficus benghalensis bark on activities of GP, and GST in liver and kidney of

normal and STZ-induced diabetic rats.

Group GPx GST
(U/mg protein) (U/mg protein)
Liver Kidney Liver Kidney

Normal 8.35+0.65 6.02 + 0.56 6.25+0.41 5.90 + 0.56
Diabetic control 5.28 £ 0.40 4.15+0.35 2.95+0.16 2.25+0.38
Diabetic + Ficus 6.90 £ 0.50 6.05+0.15 4.85+043 3.89+0.49
benghalensis (250 mg/kg)

Diabetic + Glibenclamide 6.25+0.22 5.15+0.20 3.90+£0.35 3.46+0.24
(500 pg/kg)

The levels of liver and kidney reduced glutathione (GSH) were significantly decreased to near normal
levels during diabetes compared to the corresponding control groups showed in Table 4. The oral administration of
aqueous extract of Ficus benghalensis bark and glibenclamide increased the content of GSH in the liver and kidney

of diabetic rats. The results showed that the Ficus benghalensis bark extract was more effective than glibenclamide.

Effect of oral administration of aqueous extract of Ficus benghalensis bark and glibenclamide on the
activities of SOD, CAT, GPx, and GST were presented in Table 5 and 6. During diabetes there was a significant
reduction in the activities of SOD, catalse, GP, and GST in tissues such as liver and kidney. Administration of
aqueous extract of Ficus benghalensis bark and glibenclamide increased the activity of SOD, catalse, GP, and GST
in STZ-induced diabetic rats. The results reveal that the Ficus benghalensis bark extract was more prominent
compared with glibenclamide.

DISCUSSION:

The present investigation which shows beneficial antioxidant effect with aqueous extract of Ficus
benghalensis bark in STZ-induced diabetic rats. The several workers reported that STZ-induced diabetes and insulin
deficiency leads to increased blood glucose levels (Chaude et al, 2001). STZ at lower doses 50 mg - 60 mg/kg BW
produces partial destruction of pancreatic p-cells with permanent of diabetic condition (Aybar et al, 2002). Since a
low dose 60 mg/kg BW of STZ was chosen for this study. Administration of aqueous extract of Ficus benghalensis
bark at a dose of 250 mg/kg BW decreased the elevated blood glucose level and may be due to the insulin
secretogogue effect of the active compound, leucopelargonin (Cherian et al, 1992) presents in the extract and

prolonged administration may stimulate the p — cells of islets of Langerhans to produce insulin. The
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antihyperglycemic effect of aqueous extract of Ficus benghalensis bark was compared with glibenclamide, a
standard hypoglycemic drug.

Free radicals are generated in diabetes and leads to induction of lipid peroxidation during diabetes reported
by several workers (Kaleem et al, 2006; Mano et al, 2000). Oxygen free radical are formed by stimulating H,0, in-
vitro, as well as in-vivo and in the pancreatic  — cells of Langerhans during diabetes mellitus reported by Halliwall
and Gutteridge, 1989. In this investigation, the increased malondialdehyde (MDA) and hydroperoxides in liver and
kidney tissues of STZ-induced diabetic rats served as an index of elevated lipid peroxidation in diabetes mellitus.
When the concentration of endogenous peroxides increase it may initiate uncontrolled lipid peroxidation leading to
cellular infiltration and islet cell damage in type | diabetes (Metz, 1984). The increased susceptibility of the tissues
of diabetic animals to lipid peroxidation may be due to the observed increased concentration of TBARS and
hydroperoxides in the liver and kidney of diabetic rats (Stanely et al, 2001). An increase in lipid peroxide
concentration in the liver and kidney of diabetic animals has been observed (Nakakimura and Mizuno, 1980).
Administration of aqueous extract of Ficus benghalensis bark and glibenclamide significantly decreased the levels
of lipid peroxidation index significantly. The reduction of lipid peroxidation can be attributed to the antioxidant
activity of various phytochemicals present in the Ficus benghalensis bark aqueous extract. Further, these results
suggested that the major function of the aqueous extract is to protect vital tissues such as liver, kidney from damage
and thereby reducing the after effects of diabetes.

GSH is an important source of reducing equivalents during oxidative stress generated by reactive oxygen
species and can participate in the elimination of reactive intermediates by reducing hydroperoxides in the presence
of GP, (Meister, 1984; Nicotera and Orrenius, 1986). The decrease in the GSH level represents increased utilization
due to oxidative stress (Anuradha and Selvam, 1993). In the present research work, we have observed the decreased
level of glutathione in STZ induced diabetic rats. The GSH depletion in liver and kidney is considered the most
important sensitizing mechanism in the pathogenesis of liver and kidney injury. Administration of aqueous extract
of Ficus benghalensis bark and glibenclamide increased the content of GSH in the liver and kidney of diabetic rats.

Superoxide dismutase is the major attractive metalloprotein in the antioxidant family. The increased
synthesis of superoxide dismutase against superoxide anion radical (O,") production is an adaptive response of the
cell to synthesis increased SOD through the stimulation of gene transcription (Das et al., 1997). SOD is a defense
enzyme that catalyses the dismutation of superoxide radicals (McCord and Fridovich 1969). The defensive
antioxidant enzyme next to SOD is Catalase. Catalase is a hemoprotein that catalyses the reduction of hydrogen
peroxides into water and oxygen and protects the tissues from highly reactive hydroxyl radicals (Chance et al,
1952). The activity of catalase was found to be decreased in diabetic rats. The inhibition of catalase activity during
STZ induced diabetes may be due to the increased generation of reactive free radicals, which can create an oxidative
stress in the cells. Therefore, the observed reduction in the activity of these enzymes (SOD, catalase) may result in a
number of deleterious effects due to the accumulation of superoxide anion radicals and hydrogen peroxide.
Administration of aqueous extract of Ficus benghalensis bark and glibenclamide increased the activities of SOD and
Catalase in diabetic rats. The activities of GP, and GST are observed to decrease significantly in diabetic rats. GPx

is a selenium dependent enzyme has high potency in scavenging reactive free radicals. In the present experiments,
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the levels of glutathione peroxidase activity in liver and kidney was elevated during diabetes to compensate the free
radical scavenging effect utilized by the GSH as the substrate (Rajashree et al., 1998). GST catalyse the reduction of
hydrogen peroxide and hydroperoxides to non-toxic products (Bruce et al, 1982). The depletion in the activity of
these enzymes may result in deleterious oxidative changes due to accumulation of toxic products. In this context,
other workers also reported a decrease in the activities of these antioxidant enzymes (SOD, Catalase, GP,and GST)
in the liver and kidney of diabetic rats (Stanely et al, 2001; Anuradha and Selvam, 1993). As the alterations
produced in the antioxidant activities indicate the involvement of deleterious oxidative changes, increased activities
of the components of this defense system would therefore be important in protection against radical damage.
Administration of Ficus benghalensis aqueous fruit extract and glibenclamide increased the activities of GP, and
GST in the liver of diabetic rats. The over expression of these antioxidant enzymes in diabetic rats treated with
aqueous extract of Ficus benghalensis bark implies that this potential oxidant defense is reactivated by the active
principles of Ficus benghalensis. This results in an increase in the capacity of detoxification through enhanced
scavenging of oxy radicals.
CONCLUSIONS

The present investigation shows that there were significant variations in the observed biochemical
parameters. The administration of aqueous extract of Ficus benghalensis bark possesses an antioxidant activity that
may contribute to its protective action on lipid peroxidation and to enhancing its effect on cellular antioxidant
defense. Therefore, therapeutic administrations of aqueous extract of Ficus benghalensis bark greatly change the
biochemical parameters in the STZ induced diabetic induced rats and maintained well to the normal level. These
results clearly suggest that, the Ficus benghalensis have enormous antidiabetic potential value. Further, this study
creates a hope on new drug discovery in diabetic controlling by using Ficus benghalensis as precursor. Moreover, it
is very important to study the specific phytochemical compounds responsible for contributes to the protection

against oxidative damage in streptozotocin induced diabetes.
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