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Diabetes mellitus is a chronic disease characterized by high blood glucose levels due to an absolute
or relative deficiency of circulating insulin levels. Fiscus bengalensis leaf has several biological
properties, including anti-diabetic and antioxidant activity. The present study was designed to
investigate the anti-diabetic effect of Fiscus bengalensis leaf extract against streptozotocin (STZ)
induced alterations in blood glucose, body weights and oxidative enzymes in muscle tissues of
albino rats. Adult male albino Wister rats, weighing 180 + 20 g was made diabetic by injecting STZ
(40mg/kg body weight) intraperitoneally. Diabetic rats were supplemented with ethanolic extract of
Fiscus bengalensis leaf extract (250 mg/kg body weight) for a period of three weeks. After this
period, rats were decapitated and blood was collected. Fresh muscle tissue was also isolated for the
assay of oxidative enzymes such as lactate dehydrogenase (LDH), succinate dehydrogenase (SDH),
malate dehydrogenase (MDH) and glucose-6-Phosphate dehydrogenase (G-6-PDH) status in control
and experimental rats. Blood glucose and LDH activity levels were significantly elevated in diabetic
rats with decreased body weight, SDH, MDH and G-6-PDH activity levels when compared with
control. The above mentioned parameters were significantly restored to near normal by oral
administration of Fiscus bengalensis leaf extract once daily for three weeks as compared to
untreated rats. The results obtained indicated that ethanolic extract has more potent protective action
against hyperglycemic condition.

Copyright © Obaiah Jamakala, 2018, this is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is

properly cited.

INTRODUCTION

2006; Mansour et al., 2002; Ashraf and Zare, 2015; Sheweita et
al., 2016).

Diabetes mellitus (DM) is a chronic and life long metabolic
disorder characterized by hyperglycemia due to disturbance in
the group of metabolism of carbohydrates, fat and protein
(Koukhdan and Khaksar, 2015). This disease mainly related to
insulin deficiency and can involve many organs (Georg and
Ludvik, 2000; Nyholm et al., 2000; Palanisamy et al., 2011). In
diabetes, the deficiency of insulin leads into a complex series
of reactions, which are clinically manifested as hyperglycemia
and is characterized by a loss of glucose homeostasis (Shyam et
al., 2013). Persistent hyperglycemia in diabetes causes
increased production of oxygen free radicals from autoxidation
of glucose (Hunt ef al., 1990) and glycosylation of protein
(Wolff and Dean, 1987) which lead to oxidative stress which is
associated with several health complications including
antipathies, cardiovascular disorders, blindness, renal failure,
neuropathies and cancers (American Diabetes Association,
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Diabetes mellitus is one of the major global public health
problem. The number of people suffering from diabetes is
increasing worldwide at an alarming rate. It is a long
considered disease of minor significance to world health which
is now taking its place as one of the major threats to human
health in the 21% century. The past two decades have seen as
explosive diabetes worldwide. Pronounced changes in the
human environment, in human behavior, lifestyle and
accompanied globalization have resulted in escalating rates of
both obesity and diabetes. Currently there are over 150 million
diabetics worldwide and this number is likely to increase due to
increase in sedentary lifestyle, consumption of energy rich diet
and obesity (Yajnik, 2001). Recently, a survey estimated that
there will be more than 439 million people suffering from
diabetes in nearly all countries by the year 2030 (Shaw et al.,
2010). The countries with the largest number of diabetic people
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will be India, China and USA by 2030. India has today become
the diabetic capital of the world with over 20 million diabetics
and this number is set to increase to 57 million by 2025
(Sharma et al., 2010).

In modern medicine, there is still no satisfactory effective
therapy available to cure diabetes (Piedrola et al., 2001). Many
synthetic remedies like sulfonylurea, insulin injection are used
which are associated with various undesirable side effects (Patil
et al., 2011). Management of diabetes without any side effect is
still a challenge to the medical community. There is continuous
search for alternative drugs. Therefore it is prudent to look for
options in herbal medicines for diabetes (Prasad et al., 2009).
Thus due to an increase in demand by patients to use natural
products with anti-diabetic activity investigations on
hypoglycemic agents derived from medicinal plants have
gained popularity in recent years (Mohd et al., 2009).
Compared to synthetic drugs, herbal preparations are frequently
considered to be less toxic with fewer side effects (Osadolor et
al., 2011).

The tribal and rural population of India is highly dependent on
the medicinal plant therapy for meeting their health care needs.
There is an urgent need to formulate some effective herbal
medicinal preparations either with single plant or in
combination with different plants after clinical trials for
effective treatment and control of diabetes mellitus. Many
indigenous medicinal plants have been found to be useful for
the successful management of diabetes (Joy et al, 1999).
Among the several available medicinal plants, Fiscus
bengalensis is the most effective medicinal plant to control the
diabetes.

Ficus bengalensis is a large tree with aerial roots. It is an
Indian Banyan tree and grows wild in lower Himalayas and is
found all over India. Different parts of the tree have been found
to possess medicinal properties: leaves are good for ulcers and
diabetic, aerial roots are useful in treating gonorrhea, seeds and
fruits are used as cooling agent and tonic as well (Gayathri and
Krishnan, 2008; Ahmed et al., 2011). F. benghalensis is one of
the most widely explored medicinal plants for the antidiabetic
activity wherein, the antidiabetic potential of various parts of F.
benghalensis, particularly of the bark and leaves have been
evaluated in experimental diabetes using alloxan/
streptozotocin as diabetogenic compounds in animal models. It
is one medicinal plant whose active components such as
perlargonidin derivatives, leucopelargonin derivatives and a-
amyrin acetate have been extensively evaluated for the anti-
diabetic activity in vivo.

Based on the medicinal importance of Fiscus bengalensis, the
present study was designed to investigate the anti-diabetic
effect of Fiscus bengalensis leaf extract against streptozotocin
(STZ) induced alterations in blood glucose, body weights and
oxidative enzymes in muscle tissues of albino rats.

MATERIALS AND METHODS

Chemicals

All the chemicals used in the present study were Analar Grade
(AR) and were obtained from Sigma (St. Louis, MO, USA),
Fisher (Pitrsburg, PA, USA), Merck (Mumbai, India), Ranbaxy

(NEW Delhi, India), Qualigens (Mumbai, India) scientific
companies.

Preparation of Fiscus bengalensis leaf extract

The fine powder of Fiscus bengalensis leaf were purchased
(AGMARK symbol) in Tirupati, Andhra Pradesh. The power is
extracted by cold percolation with 95% ethanol for 24h. The
extract was recovered and 95% ethanol was further added to
the plant material and the extraction was continued. The
process was repeated three times. The three extractions were
pooled together, combined, filtered and the filtrate was
concentrated to dryness under reduced pressure in rotary
evaporator. The resulting ethanol extract was air dried. Finally
crude ethanol extract of Fiscus bengalensis leaf was obtained.
Without any further purification the plant crude ethanol extract
was used in the present study. Dose equivalent to 250mg
kg/body was calculated and suspended in 2% V/V Tween 80
solution for the experiment.

Animals

Three months old Wistar strain albino rats weighing 180 =20 g
were chosen for the present study. The animals were obtained
from Sri Venkateswara Traders, Bangalore, Karnataka, India
and were kept in stainless steel mesh cages, housed under
standard laboratory conditions (23 + 2°C, 50 £ 20% relative
humidity, 12-h light-dark cycle) with standard rat chow (Sai
Durga Feeds and Foods, Bangalore, India) and drinking water
ad libitum. The rats were acclimatized to the laboratory
conditions for 10 days. The protocol and animal use has been
approved by the Institutional Animal Ethics Committee (Resol.
No. 10(ii)/a/CPCSCA/ TAEC/SVU/AUR-JO dt 22-12-2008),
Sri Venkateswara University, Tirupati, Andhra Pradesh, India.

Induction of Diabetes

Diabetes was induced in overnight fasted male Wistar rats by a
single intraperitoneal injection (I.P.) of freshly prepared
solution of streptozotocin (40 mg/kg body weight) in 0.1 M
cold sodium citrate buffer (pH 4.5). After injection, they had a
free access to food, water and were given 5% glucose solution
to drink overnight to counter hypoglycemic shock. Diabetes in
rats was identified by moderate polydipsia and marked
polyuria. From the second day onwards fasting blood samples
were collected from the rats by tail vein and blood glucose was
measured by Accu chek Sensor comfort glucometer
(Manufacture-Johnson and Johnson) to know the induction of
diabetes. If the blood glucose levels were more than 300mg/dL,
insulin (ITU Protamine Zinc Insulin) is given to the diabetic rats
for diabetic condition for one week. After one week the rats
with hyperglycemia (blood glucose level 250mg/dL) were
selected and used for the experiment (Radha Madhavi et al.,
2012).

Experimental design

In the present experiment totally 18 rats were used. They were
separated into three groups of 6 rats each.

Group -1 : Normal Control rats (were given 0.5 mL of 0.9%
saline orally for 21 days).

Group- 2 : Diabetic rats (STZ 40 mg/kg body weight)

Group -3 : Diabetic rats treated with 250 mg/Kg body weight
of Fiscus bengalensis leaf extract orally for 21 days.
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Toward the study’s end (21 days), the animals were sacrificed
by cervical decapitation between 9:00 and 11:00 am to
minimize diurnal variation. The blood was gathered. The
muscle tissue was dissected and washed with ice-cold saline
immediately to remove blood.

Estimation of Blood glucose

Blood glucose levels were Estimated by using Accu Chek
glucometer (Sensor Comfort).

Body Weight Changes

Body weights of all groups (three) of rats were recorded before
and after treatments. The body weights of all groups were
recorded at an interval of one week till the completion of the
experiential period (21 days).

Glucose-6-Phosphate dehydrogenase (G-6-PDH) (E.C:
1.1.1.49)

Glucose-6-posphate dehydrogenase activity was assayed by the
method of Lohr and Waller (1965), as modified by Mastanaiah
et al, (1978). 10% (W/V) Muscle tissue homogenates were
prepared in ice cold sucrose 0.25 M solution and centrifuged at
1000g for 15 min at 4°C. The reaction mixture in a total
volume of 2 ml contained 100p moles of sodium phosphate
buffer (pH 7.4), 20pn moles of glucose-6-phosphate, 2 moles
of INT and 0.3p moles of NADP. The reaction was initiated by
adding 0.5ml containing 50mg of tissue as an enzyme source.
The reaction mixture was incubated at 37°C for 30 min and the
reaction was stopped by the addition of 5 ml of glacial acetic
acid. The formazan formed was extracted with 5 ml of toluene
at 5°C. The optical density of the formazan was read at 495nm
against the toluene blank. The activity was expressed in p
moles of formazan formed/ mg protein / hour.

Lactate dehydrogenase (LDH) (L-lactate: NAD"
Oxidoreductase - E.C: 1.1.1.27)

Lactate Dehydrogenase activity was determined by the
method described by Nachlas et al., (1960) as suggested by
Prameelamma and Swami (1975) with slight modifications.
10% (W/V) homogenates of the Muscle tissues were prepared
in ice cold 0.25 M sucrose solution and centrifuged at 1000g for
15 minutes at 4°C. The supernatant fraction was used for
enzyme assay. The reaction mixture in a final volume of 2 ml
contained 40 (u moles of sodium lactate, 100 p moles of
phosphate buffer (pH 7.4), 0.1 p mole of NAD and 4 p moles
of INT. The reaction was initiated by the addition of 0.2 ml of
homogenate containing 20 mg of tissue as an enzyme source
and incubated for 30 minutes at 37°C and the reaction was
stopped by the addition of 5 ml of glacial acetic acid. Zero time
controls (ZTC) were maintained by addition of 5 ml of glacial
acetic acid prior to the addition of the enzyme source to the
incubation mixture. The formazan formed was extracted over
night into 5 ml of toluene at 5°C. The color developed was
measured at 495nm in a Spectrophotometer against the toluene
blank. The enzyme activity was expressed in p moles of
formazan formed / mg protein / hour.

Succinate dehydrogenase (SDH) (Succinate
oxidoreductase - E.C: 1.3.99.1)

acceptor

The specific activity of SDH was assayed by the method of
Nachlas et al, (1960) as suggested by Prameelamma and

Swami (1975) with slight modifications. 10% (W/V)
homogenates of the Muscle tissues were prepared in ice cold
0.25 M sucrose solution and centrifuged at 1000g for 15
minutes at 4°C. The supernatant fraction was used for enzyme
assay. The reaction mixture in a final volume of 2 ml contained
40p moles of sodium succinate and 100y moles of phosphate
buffer (pH 7.0) and 4p moles of INT. The reaction was
initiated by adding 0.2 ml of homogenate containing 20 mg of
tissue as an enzyme source. The incubation was carried out for
15 min at 37°C and the reaction was stopped by the addition of
5 ml of glacial acetic acid. The subsequent steps were followed
same as described for LDH. The activity was expressed in p
moles of formazan formed / mg protein / hour.

Malate dehydrogenase (MDH): (L-Malate NAD"
Oxidoredutase (E.C.1.1.1.37)

Malate dehydrogenase activity was assayed by the method of
Srikanthan and Krishna murthy (1955). Muscle tissue
homogenate was prepared in ice-cold 0.25M sucrose solution
and centrifuged at 2000 rpm for 15 minutes. The supernatant
fraction was used for the assay of the enzyme. The final 2.0 ml
volume reaction mixture containing 40p moles of sodium
malate, 100p moles of phosphate buffer (pH 7.4) and 4p moles
of INT. The reaction was initiated by the adding of 0.5 ml of
enzyme source. The incubation was for 30 minutes at 37°C and
the reaction was blocked by the addition of 5 ml of glacial
acetic acid. The formazan formed was extracted over night in 5
ml of toluene at 5°C. The color developed was measured at
495nm in spectrophotometer against a toluene blank and the
activity of MDH was expressed as p moles of formazan formed
/ mg protein / hour.

Statistical analysis

All values were expressed as mean = SD. The statistical
significance was evaluated by one-way analysis of variance
(ANOVA) using SPSS and the Duncan’s Multiple Range Test
(DMRT). A value of p < 0.05 was considered to indicate a
significant difference between groups.

RESULTS

Body weights and Blood glucose levels were measured in
control, diabetic, diabetic treated with Fiscus bengalensis leaf
extract groups before and after treatment. Oxidative enzymes
such as lactate dehydrogenase (LDH), succinate dehydrogenase
(SDH), malate dehydrogenase (MDH) and glucose-6-
Phosphate dehydrogenase (G-6-PDH) status were estimated in
control and experimental rats.

Body Weights

Body weights of rats were measured using a digital balance at
an interval of 10 days during the experimental period. The
initial average weight of animals was in the range of 180 + 20g.
A vast reduction in the body weight was seen in STZ prompted
untreated diabetic control (Group II) rats when compared with
normal rats (Group I). Whereas significant increment observed
in the body weight of diabetic rats treated with Fiscus
bengalensis leaf extract.
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Fig 1 Effect of Fiscus bengalensis leaf extract on body weight in normal
and experimental rats

e Values are expressed as Mean + SD (n = 6 rats in each
group).

e Statistical significance was evaluated by one-way
analysis of variance (ANOVA) and the Duncan’s
Multiple Range Test (DMRT).

e "p<0.05 as compared with normal rats".

e °p<0.05 as compared with diabetic control".

Blood Glucose

Blood glucose levels were measured in control, diabetic,
diabetic treated with Fiscus bengalensis leaf extract groups
before and after treatment. Blood glucose of the diabetic rats
(Group II) was higher than the normal rats (Group I).
Following oral administration of Fiscus bengalensis leaf
extract at the dose of 250 mg/kg the blood glucose levels were
significantly (P<0.05) reduced.
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Fig 2 Effect of Fiscus bengalensis leafextract on blood glucose level of
normal and experimental rats

e Values are expressed as Mean + SD (n = 6 rats in each
group).

e Statistical significance was evaluated by one-way
analysis of variance (ANOVA) and the Duncan’s
Multiple Range Test (DMRT).

e "p<0.05 as compared with normal rats®.

e °p<0.05 as compared with diabetic control”.

Oxidative enzymes status

Fig.3 explains the oxidative enzymes status in control and
experimental groups of rats. LDH activity was significantly (p
< 0.05) elevated in group II (Diabetic) rats when compared
with the control (group I) rats. However, SDH, MDH and G-6-
PDH activities were significantly (p < 0.05) decreased in STZ

induced rats (group II) when compared to the control group.
Administrations of ethanolic extract of Fiscus bengalensis leaf
to diabetic rats (Group III), the elevated LDH activity was
progressively decreased to near normal level when compared
with the diabetic group. Whereas the decreased SDH, MDH
and G-6-PDH enzymes activities were significantly (p < 0.05)
elevated in Fiscus bengalensis leaf extract supplemented rats.
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Fig 3 (A-D) Effect of Fiscus bengalensis leaf extract on the activities of
G-6-PDH, LDH, SDH and MDH respectively in the muscle tissue of
normal and experimental rats
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e  Values are expressed as Mean + SD (n = 6 rats in each
group).

e  Statistical significance was evaluated by one-way
analysis of variance (ANOVA) and the Duncan’s
Multiple Range Test (DMRT).

e "p<0.05 as compared with normal rats”.

e °p<0.05as compared with diabetic control".

DISCUSSION

Diabetes mellitus is the most common metabolic disorder that
impairs glucose homeostasis resulting in severe diabetic
complications due to perturbation in utilization of glucose. The
present study was mainly focused on the alterations of blood
glucose, body weights and oxidative enzymes status.

Most of the body cells use the sugar called glucose as their
major source of energy. Glucose molecules are broken down
within cells in order to produce adenosine triphosphate (ATP),
energy-rich molecules that power numerous cellular processes.
Glucose molecules are delivered to cells by the circulating
blood and therefore, to ensure a constant supply of glucose to
cells, it is essential that blood glucose levels be maintained at
relatively constant levels. Level constancy is accomplished
primarily through negative feedback systems, which ensure that
blood glucose concentration is maintained within the normal
range of 70 to 110 mg/dl. The levels of glucose in the blood are
monitored by the cells in the pancreas. If the blood glucose
level falls to dangerous levels (as in very heavy exercise or lack
of food for extended periods), the Alpha cells of the pancreas
release glucagon, a hormone which alerts the liver to increase
blood glucose levels and converts stored glycogen into glucose
(Glycogenesis). Thus glucose is released into the blood stream,
increasing blood sugar levels. There are several other causes
for an increase in blood sugar levels. Among them
accumulation of reactive oxygen spices is a major cause to
increase blood sugar levels under diabetic stress.

In the present study blood glucose levels were maintained at
normal levels in control rats. After induction of diabetes by
STZ, the blood glucose levels were significantly elevated. This
may be due to rapid depletion of pancreatic beta cells by DNA
alkylation and accumulation of cytotoxic free radicals that is
suggested to result from initial islet inflammation, followed by
infiltration of activated macrophages and lymphocyte in the
inflammatory focus. It leads to a reduction in plasma insulin
concentration leading to a stable hyperglycemia state
(Szkudelski, 2001). In diabetes, enzymes of glucose and fatty
acid metabolism are markedly altered; hence blood glucose
levels were increased (Gottried and Rosenberg, 1973; Sochar et
al., 1985).

In case of rats which were subjected to both STZ and plant
extracts, the decrease in blood glucose was due to the
hypoglycemic activity of the plant extracts. Changes of blood
glucose levels in the group III where diabetic rats were treated
with Fiscus bengalensis leaf extract is due to the active
components such as perlargonidin derivatives, leucopelargonin
derivatives and o-amyrin acetate and bioactive glycoside
compounds in them. A number of investigations had reported
that the bioactive compounds present in plants such as tannins,
6-gingerol, polyphenolic compounds, flavonoids, triterpenoids
posses analgesic, hypoglycemic and other pharmacological

actions in various experimental animal models (Jiang et al.,
2006; Ojewole, 2006). The plant favorably affected glycolytic,
gluoneogenic and liogenic enzymes to restore glucose
homeostasis in STZ-induced diabetic rats (Raju et al., 2001).
The administration of plant extract to diabetic animals has been
shown to lower blood glucose levels and partially restore the
activities of key enzymes of carbohydrate and lipid metabolism
close to normal levels in animal model systems (Raju et al.,
2001; Vats et al., 2003). Various reports demonstrated that the
Fiscus bengalensis have hypoglycemic, hypocholesterolemic
and hyperinsulinomic effects on type 1 and type 2 diabetes
mellitus patients and experimental diabetic animals (Shukla et
al., 1994; Puri et al, 1995; Gayathri and Krishnan, 2008;
Ahmed et al,, 2011; Chikezie et al., 2015). Oral administration
of Fiscus bengalensis leaf extract lowers blood glucose and
attenuates STZ induced hyperlipidemia in diabetic rabbits
(Shukla et al., 1994; Mahesh et al., 2005; Nishiyama et al,
2005; Sarah Nwozo, et al., 2009). Hence, in the present
investigation administration of an ethanolic extract of Fiscus
bengalensis resulted in a significant reduction in the blood
glucose due to the presence of bioactive glycoside which
stimulated insulin secretion in the experimental animals
(Chikezie et al., 2015).

In the present study, STZ induced diabetic rats showed
decreased level of body weights. The decrease in body weight
in diabetic rats clearly shows a loss or degradation of structural
proteins. Weight loss which is one of the clinical features of
diabetes mellitus may be due to the degeneration of the
adipocytes and muscle tissues to make up for the energy lost
from the body due to frequent urination and over conversion of
glycogen to glucose. Weight loss is a very serious issue in the
management of diabetes mellitus (Akbarzadeh et al, 2007).
The control diabetic animals showed a significant decrease in
body weight compared with normal rats (Al -Amin et al.,
2006). Weight loss during diabetes is mainly related to urinary
glucose excretion because cells become to use glucose.
Another factor could be also the osmotic diuresis resulting in
hyper osmotic dehydration (Kaplan et al., 1982).

In the case of diabetic rats treated with Fiscus bengalensis
extract (group III), the levels of body weights were increased.
They showed almost same response as that of control rats. This
shows that Fiscus bengalensis plant extract apposes
degeneration of the adipocytes and muscle tissues which occurs
during diabetic stress in order to make up for the energy lost
from the body due to frequent urination and over conversion of
glycogen to glucose.

G-6-PDH as an important enzyme in hexose monophosphate
(HMP) shunt pathway occurs in the cytosol of the cell and is an
alternate pathway of glucose oxidation. This pathway provides a
major portion of the cell NADPH, which functions a biochemical
reluctant. The activity of G-6-PDH is an index for determining the
efficiency of HMP shunt. The activity of G-6-PDH was found to
be lowered in the STZ induced diabetic rat tissues (Saraswathi
and Swaminathan, 2002; Ashok kumar and Pari, 2005). The
same was found in the present study of STZ induced rats. The
decrease in the activity of this enzymes in diabetic condition may
result in the diminished functioning of HMP shunt and there by
the production of reducing equivalents such as NADP and NADPH.
The hyperglycemia results in decreased levels of citric acid cycle
enzymes and pentose phosphate pathway enzymes as the
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phosphorylated glucose enters into the other pathways like
gluconeogenesis (Hue, 1987, Gomathy et al, 1990) and
glycoprotein synthesis (Rathi e al, 1981). The decreased
activity of G-6-PDH affects the concentration NADPH and
increases oxidative stress, leading to diabetic complications
(Ugochukwu and Babady, 2003). With the treatment of Fiscus
bengalensis extract to diabetic rats, the G-6-PDH activity was
increased. This may be due to the role of antioxidants, which are
present in plant extract that elevate the G-6-PDH in diabetic rats and
also could be due to elevation of mitochondrial enzymes by plant
extract. Hence, the diabetic rats treated Fiscus bengalensis
extract showed increased activity of G-6-PDH in the present
study.

LDH is a key enzyme of anaerobic glycolysis and catalyses the
reversible oxidation of lactate to pyruvate in the terminal step of
glycolysis. The reaction catalyzed by LDH interlinks anaerobic
and aerobic oxidation of glucose. In view of its role in glucose
oxidation, the NAD dependent LDH activity was assayed to assess
the metabolic significance of this enzyme in compensatory
mechanism operating in the tissues of diabetic (STZ induced) and
plant extract treated diabetic rats.

NAD* NADH+ H*
o Pyruvate

|

Lactate

X
LDH

In the present investigation, LDH activity was significantly
elevated in the diabetic rats when compared to control. The
significant increase in the activity of LDH in STZ induced
diabetic rats could be due to excessive accumulation of
pyruvate. This excessive pyruvate is converted to lactate for
which LDH is needed and therefore the activity of LDH may
be increased due to less production of insulin in diabetes.
Previously several authors have been reported increased LDH
activity in diabetes (Goldberg et al., 1977; Jones et al., 1988;
Awaji et al., 1990; Ramachandran et al, 2003). Increased
activity of LDH interferes with normal glucose metabolism and
insulin secretion in the S-cells of pancreas and it may therefore
be directly responsible for insulin secretory defects in diabetes
(Ainscow et al., 2000). When STZ subjected rats were treated
with Fiscus bengalensis extract, the activity was decreased due
to the regulation of NAD'/NADH ratio following stimulation
of oxidation of NADH thereby removing the oxidative stress.
SDH is a key enzyme in Krebs cycle, that catalyses the
reversible oxidation of succinate to fumarate. It is the only
enzyme in TCA cycle which is an inner membrane bound and
involves the direct transfer of hydrogen atoms from the
substrate, succinate to flavoprotein FAD.

2H
"

In the present study, STZ treated rats showed decreased activity
of SDH in the muscle tissue. This may be due to the STZ
induced oxidative stress condition indicates reduction in the
conversion of succinate to fumarate resulting in decreased in
oxidative metabolism. During stress condition diversion of
phosphoenolpyruvate leads to increased formation of fumarate
resulting in product inhibition of SDH (Moorthy, 1983). The
decrease in the activities of SDH in tissues of diabetic rats can
be associated with enzyme dysfunction due to activation of
lipid peroxidation. This may be due to excess production of

Succinate Fumarate

free radicals to counter these toxic effects. Previously several
researchers reported decreased SDH activity in tissues of
diabetic animals (Rathi ef al, 1981; Chen and lanuzzo, 1982;
Hue, 1987; Gomathy et al, 1990; Oexle et al, 1994;
Saraswathi and Swaminathan, 2002; Lashin ef al., 2006). The
decreased activity of SDH in diabetic condition affecting
succinate-fumarate  conversion indicates the depressed
oxidative metabolism at the level of mitochondria. A similar
decrease in the activities of citric acid cycle enzymes were also
observed by Sener et al., (1990).

The deleterious effects of oxidative stress on mitochondrial
respiration, ATP synthesis and membrane properties are mainly
connected with extensive peroxidation of membranous
polyunsaturated phospholipids, the integrity of which is
important for functioning of mitochondrial respiratory chain.
The damage of these lipids surrounding membrane bound
enzymes alters the function of these enzymes (Narabayashi et
al., 1982), primarily those of mitochondrial dehydrogenases
(Padma and Setty, 1997: Ramanathan et al., 2003). Long term
reactive oxygen species exposure to oxidative stress resulted in
oxidative damage of mitochondrial proteins that caused
disturbances in mitochondrial energy production.

When STZ subjected rats were treated with Fiscus bengalensis
extract, the SDH activity was increased. This elevation is due
to the antioxidant compounds present in these plant extracts
which have the capacity of normalizing the levels of lipid
peroxidation. Increase in SDH activity in plant extract treated
rats indicates better utilization of energy yielding intermediates
by TCA cycle. Same results were seen in UDCA
(Ursodeoxycholic acid) treated diabetic and ethanol treated
rats. This acid ameliorates the oxidative phosphorylation and
normalizing mitochondrial enzymes (Tabouy ef al., 1998).

MDH enzyme oxidizes malate into oxaloacetate in the presence
of NAD", which was the last step of citric acid cycle and plays
an important role in citric acid cycle. The study of MDH also
has diagnostic significance in several clinical investigations.

In the current study MDH activity was decreased in diabetic rat
muscle tissue. The decrease in specific activity of MDH as a
consequence of diabetes suggests decreased utilization of
malate. The decrease in the activity levels of dehydrogenases is
in consistent with the decreased conformation (Cederbaum and
Rubin, 1976). An increase in proteolytic activity during
diabetes may also be responsible for the decreased MDH
activity. MDH activity was decreased in the tissues of diabetic
animals in several studies (lanuzzo and Armstrong, 1976;
Saraswathi and Swaminathan, 2002). The increased production
of free radicals in mitochondrial cells in the tissue, also a
decrease in oxygen consumption respiratory ratio was observed
in mitochondria of diabetic rats (Puckett and Reddy, 1979).
Lowering in the activity of MDH and increase in NAD' /
NADH were reported by Obrosova et al., (1999). It has been
suggested that the diabetogenecity of STZ is dependent on the
inhibition of the activities of citric acid enzymes like MDH, a-
ketoglutarate dehydrogenase (Boquist et al., 1985). Diabetes
decreased the expression of genes involved in carbohydrate and
energy metabolism through effects on known pathways such as
glycolysis, TCA cycle and oxidative phosphorylation. In the
present study, MDH levels were elevated in Fiscus bengalensis
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extract treated diabetic rats. This may be due to decreased
oxidative stress and increased activities of mitochondrial
enzymes. Fiscus bengalensis extract has the capacity to
increase the activities of mitochondrial enzymes and decrease
the oxidative stress. This may due to the antioxidant
compounds which are present in Fiscus bengalensis extract.

CONCLUSION

This study drawn a conclusion, stating that Fiscus bengalensis
treatment to diabetic rats may be beneficial to improve the
metabolic efficiency and thereby improve the health status.
Thus Fiscus bengalensis may be useful in the formulation of
herbal drugs which can be used in the treatment of diabetes.
Since Fiscus bengalensis exhibited anti-diabetic activity; it
might be clinically useful in the control of human diabetes.
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