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ABSTRACT

Background: To investigate the effect of various extracts of combination of herbal drug on the
occurrence of oxidative stress in the organ of rats during diabetes by measuring the extent of
oxidative damage as well as the status of the antioxidant defense system.

Methods: Various extracts of combination of herbal drug was administered orally and different
doses of the extract on superoxide dismutase (SOD), catalase (CAT), glutathione peroxidaase
(GPx), glutathione-S-transferase (GST) and reduced glutathione (GSH) were estimated in
streptozotocin-induced diabetic rats. Glibenclamide was used as standard reference drug.
Results: Significant increase in the activities of plasma insulin, superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx), reduced glutathione (GSH) and vitamin C and E
were observed in brain on treatment with 200 mg/kg body weight of combination of herbal
extract and glibenclamide for 3 weeks.

Conclusions: Since the study of induction of the antioxidant enzymes is considered to be a
reliable marker for evaluating the antiperoxidative efficacy of the medicinal plant, these findings
are suggestions of possible antiperoxidative role played by combination of herbal extract.
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INTRODUCTION
Background
The neurological significances of diabetes
mellitus in the Central Nervous System
(CNS) are now  receiving larger
consideration. Cognitive deficits, along with
morphological and neurochemical
modifications  demonstrate  that  the
neurological difficulties of diabetes are not
limited to peripheral neuropathies [1]. The
central difficulties of antihypoglycaemia also
include the potentiation of neuronal damage
detected following hypoxic/ischemic events,
as well as stroke [2]. Glucose consumption
is diminished in the brain during diabetes [2],
provided that a potential mechanism for
increased susceptibility to acute pathological
measures.
Oxidative stress, leading to an
increased production of reactive oxygen
species (ROS), as well as lipid peroxidation,
is increased in diabetes [3] and also by stress
in euglycemic animals [4]. Similarly,
oxidative damage in rat brain is increased by
experimentally induced hyperglycemia [5].
Under

experimental conditions,

hyperglycaemia  dramatically  increases
neuronal alterations and glial cell damage
caused by temporary ischaemia [6]. Several
lines of evidence indicate that the modified
chronic

oxidative  state induced by

hyperglycaemia [7] may contribute to
nervous tissue damage: free radical species
impair both the central nervous system,
attacking neurons and Schwann cells [8] and
the peripheral nerves [9] because of their
high polyunsaturated lipid content, Schwann
cells and axons are particularly sensitive to
oxygen free radical damage: lipid
peroxidation may increase cell membrane
rigidity, damaging cell function.

Intensifications in superoxide
production are observed in the serum of Type
1 diabetic patients, increases that are reduced
with enhanced glycemic control [10] lipid
peroxidation products are also increased in
the organs of Type 1 diabetic rats [11] and
Type 2 diabetic mice [8]. Diabetes and stress
mediated increases in oxidative stress, as
well as decreases in antioxidant activity, may
make the brain more susceptible to
subsequent pathological events. Nowadays,
the wuse of complementary/alternative
medicine and especially the consumption of
botanicals have been increasing rapidly
worldwide, mostly because of the supposedly
less frequent side effects when compared to
modern western medicine [12].

The herbal seed of Trigonella
foenum-graecum L. (fenugreek) is widely

used for its medicinal properties all over the
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world and it is a very important spice in
Indian culture. Around 260 species of
Trigonella are diffused worldwide [13-17].
The genus name 7Trigonella means ‘tri-
angled’, may be because of triangular shape
of its flowers, whereas the species name
foenum-graecum means ‘Greek hay’. It is an
annual crop and dicotyledonous plant
belonging to the subfamily Papilionaceae,
family Fabaceae. Another herbal root of
Withania somnifera Linn commonly known
as Ashwagandha, Indian ginseng, winter
cherry is an important medicinal plant in the
solanaceae [18-22] family that has been used
in ayurvedic and indigenous medicine for
more than 3,000 years. Ashwagandha in
Sanskrit means "horse's smell" probably
originated from the odour of its root, which
resembles that of sweaty horse. The species
name somnifera means '"sleep-making" in
Latin, attributed to sedating properties.
MATERIALS AND METHODS
Animals

Adult male albino Wistar rats (8
weeks), weighing 180-200 g bred in the
AKCP, Krishnankoil, were used. All animal
experiments were approved by the ethical
committee (AKCP/IAEC/09/2019-2020),
AKCP and were in accordance with the
guidelines of the National Institute of
Council of Medical

Nutrition, Indian

Research, Hyderabad, India. The animals
were fed ad libitum with normal laboratory
pellet diet (Hindustan Lever Ltd., India) and
water. Animals were maintained under a
constant 12 h light and dark cycle and at an
environmental temperature of 21-23°C.
Drugs and chemicals

All the drugs and biochemicals used
in this experiment were purchased from
Sigma Chemical Company Inc., St Louis,
Mo, USA. The chemicals were of analytical
grade.
Collection and authentication of plant
material
The herbal drug was collected from Madurai,
India. Taxonomic distinguishing proof was
produced using The American College,
Madurai, Madurai District, Tamil Nadu,
India. The herbal drug powdered materials
were put away in a hermetically sealed
holder. The herbal drug was shade dried and
ground into fine powder. The powdered
materials were stored in air tight polythene
bags until use.
Preparation of plant extract
The equal amount of seed of Trigonella
foenum graecum and root of Withania
somnifera herbal drug were extracted with
pet.ether, ethyl acetate and ethanol at
temperature between 60-70°C by using
solvent  was

soxhlet extractor. The
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evaporated by rotavapor to obtained viscous
semi solid masses.

Experimental design

Study protocol for dose fixation

The animals were randomly divided into 7
groups of six animals each. Feeding was
started by 9.30 a.m. and various extracts and
glibenclamide (suspended in 0.5% CMC)
were administered post orally using
intragastric tube at 10.30 a.m. The duration
of treatment was 21 days. After 21 days of
treatment, the animals were fasted for 12 h,

sacrificed by cervical dislocation. Blood was

collected in tubes with a mixture of
potassium oxalate and sodium fluoride (1:3)
for the estimation of plasma glucose and
ethylenediamine tetra acetic acid (EDTA) for
the estimation of various biochemical
parameters. Tissue (liver, kidney, heart and
brain) were surgically removed, washed with
cold physiological saline, cleared off
adherent lipids and immediately transferred
to ice-cold containers. Erythrocytes were also
prepared for the estimation of various

biochemical preparations.

Groupl : Normal control

Group II : Diabetic control

Group III : Diabetic + Ethyl acetate extract 200 mg

Group IV : Diabetic + Ethyl acetate extract 200 mg+Glibenclamide (600ng/kg. b.wt.)
Group V : Diabetic + Ethanolic extract 200 mg

Group VI : Diabetic + Ethanolic extract 200 mg+ Glibenclamide (600 pg/kg. b.wt.)
Group VII: Diabetic + Glibenclamide (600 pg/kg b.wt.)

Induction of experimental diabetes
A freshly prepared solution of
streptozotocin (40 mg/kg) in 0.1 M citrate
buffer, pH 4.5 was injected intraperitoneally
in a volume of 1 ml/kg [23]. 48 h after
streptozotocin  administration, rats with
moderate diabetes having glycosuria and
hyperglycemia (i.e with blood glucose of
200-300 mg/dl) were taken for the
experiment.
Biochemical Analysis
Catalase (CAT) was assayed by the

method of Sinha [23]. Superoxide dismutase

(SOD) was assayed utilizing the technique of
Kakkar et al., [24]. Glutathione peroxidase
(GPx) activity was measured by the method
described by Rotruck ef al., [25]. Reduced
(GSH)

transferase (GST) activity were determined

glutathione and  glutathione-S-
spectrophotometrically by the method of
Ellman [26] and Habig et al, [27]
respectively.
Statistical analysis

All data were expressed as mean *
S.D of number of experiments (n = 6). The

statistical significance was evaluated by one-
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way analysis of variance (ANOVA) using
SPSS version 7.5 (SPSS, Cary, NC, USA)
and the individual comparison were obtained
by Duncan's Multiple Range Test (DMRT).
A value of p<0.05 was considered to indicate
a significant difference between groups [32].
RESULTS

Table 1-4 shows the effect of
combination of herbal drug on free radical

production, the activities of SOD, CAT,

GPx,, GSH and Vitamin C & E were
measured (Table 5 and 6). They presented
significant increases in high dose of ethyl
acetate and ethanolic extract treatment when
compared with diabetic control rats. The
extent of increase was higher in groups
treated with ethanolic extract than ethyl

acetate extracts treated groups.

Table 1: Effect of combination of herbal extracts on SOD activity in the tissues of normal and STZ-diabetic rats

Name of the Superoxide dismutase (U"/mg protein)
group
Brain | Kidney | Liver
Group I 10.14 + 0.65" 15.81 + 0.95° 9.75 £ 0.66"
Group II 3.2240.26" 9.3240.74" 4.08 +0.35
Group III 8.45+0.74* 13.02 £1.18° 7.76 + 0.65°
Group IV 9.38 £ 0.58° 13.69 + 0.85° 8.30 £ 0.50°
Group V 8.82 + 0.86" 13.52 £1.22° 7.98 +0.72°
Group VI 9.68 £ 0.64° 14.12 £1.10° 8.45 + 0.68°
Group VII 9.34 + 0.56" 13.76 + 1.24° 8.26 + 0.56"

Table 2: Effect of combination of herbal extracts on CAT activity in the tissues of normal and STZ-diabetic rats

Name of the group Catalase (U’/mg protein)
Brain Kidney Liver
Group I 2.75+0.18" 40.22 +2.86" 84.12 +5.28"
Group I 0.90 + 0.05" 23.46 + 1.82" 40.94 +3.34"
Group 111 1.88 +0.25 30.68 + 2.60° 60.40 + 4.93"
Group IV 2.36+0.18° 34.90 £ 2.56° 75.78 + 4.66°
Group V 2.15+0.24° 32.28 +2.43" 69.36 + 5.58"
Group VI 2.48 +0.16° 36.35 +2.14° 78.10 £ 4.45°
Group VII 2.39 £ 0.08° 35.24 +2.38¢ 76.15 +5.41¢

Table 3: Effect of combination of herbal extracts on GPx activity in the tissues of normal and STZ-diabetic rats

Name of the group | GPx (U'/mg protein
Brain Kidney Liver
Group I 6.41 + 0.52* 8.20 + 0.56" 9.95 + 0.68"
Group II 3.10+0.28" 4.32£0.35" 4.70 £ 0.32°
Group 111 4.56 £ 0.62" 6.86 £ 0.52" 8.24 £ 0.74"
Group IV 5.28 £ 0.38° 7.37 £ 0.38° 9.02 £ 0.58¢
Group V 5.12 + 0.56" 7.22 + 0.46" 8.45 + 0.86"
Group VI 5.65 + 0.48° 7.97 + 0.48° 9.26 + 0.66°
Group VII 5.32 + 0.44° 7.40 £ 0.58¢ 8.92 £ 0.58°

I9BPAS, February, 2021, 10(2)

752



Raghavendra Pai et al

Research Article

Table 4: Effect of combination of herbal extracts on GSH activity in the tissues of normal and STZ-diabetic rats

GSH (mg/100 g wet tissue)

Name of the group | Plasma GSH (mg/dL) Brain Kidney Liver
Group I 27.23 £ 2.08" 33.98 +2.18" 33.14 £2.23% 42.06 +3.45™
Group 11 12.46 + 0.88" 16.45 +2.14° 18.46 +1.28" 23.98 +£2.12¢

Group 111 22.08 +2.30° 22.68 +2.42° 22.38 £2.32% 30.84 +3.35°
Group IV 23.96 £ 1.52° 28.86 + 1.78¢ 30.36 + 1.46° 38.45 £ 2.561
Group V 23.33 £2.20° 24.16 £2.24" 26.64 £2.15" 32.78 £2.90"
Group VI 25.18 +£1.36° 30.26 + 1.55¢ 31.06 + 1.85° 39.56 +2.78°
Group VII 24.10 £ 1.54° 29.18+2.33¢ 30.42 £ 2.04° 38.95+2.28¢

Table 5: Effect of combination of herbal extracts on vitamin C in the plasma and tissues of normal and STZ-diabetic rats

Plasma vitamin C

Vitamin C (ug/mg protein)

Name of the group

(mg/dL) Brain Kidney Liver
Group I 2.13 +0.18" 1.69 £0.14° 0.85 + 0.09* 0.96 + 0.08"
Group IT 0.76 + 0.06" 0.75+0.07" 0.53 £ 0.05° 0.49 + 0.05"
Group III 1.54 +0.18" 1.04+0.18" 0.58 + 0.09" 0.62 +0.012°
Group IV 1.94 + 0.10° 1.52 £ 0.07° 0.74 + 0.06" 0.80 + 0.06°
Group V 1.75+ 0.16 1.18+ 0.14° 0.62 +0.10" 0.77 + 0.08"
Group VI 2.04 +0.14° 1.61 £ 0.08° 0.82 £ 0.07° 0.90 £ 0.06°
Group VII 1.98 + 0.16° 1.57 £0.12° 0.78 + 0.06" 0.84 £ 0.08°

Table 6: Effect of combination of herbal extracts on vitamin E in the plasma

and tissues of normal and STZ-diabetic ra

ts

Plasma vitamin E

Vitamin E (u mol/mg protein)

Name of the group (mg/dL) Brain Kidney Liver

Normal 1.48 £0.12° 0.69 + 0.08" 0.63 + 0.23" 0.78 + 0.14°

Group I 0.64 £0.40° 0.26 +0.05" 0.22 £ 0.04" 0.29 £ 0.04"

Group II 0.98 +0.84° 0.35 £ 0.05" 0.30 £ 0.05" 0.36 + 0.06"
Group III 1.29 +0.86° 0.59 £ 0.06° 0.43£ 0.04° 0.58 + 0.05°
Group IV 1.14 £0.80° 0.43 £0.04° 0.38 £ 0.06" 0.45 £ 0.07°

Group V 1.40 £0.92° 0.62 + 0.08° 0.52£ 0.05° 0.67 £ 0.05°
Group VI 1.32 £0.14° 0.60 =+ 0.05° 0.45 £ 0.04° 0.60 + 0.06"

DISCUSSION these neurochemical and neurophysiological

The streptozotocin diabetic rat serves as an
excellent model to study the molecular,
cellular and morphological changes in organs
induced by stress during diabetes [7]. Under
normal conditions, the generation of free
radicals or of active species in the brain, as in
other tissues, is maintained at extremely low
[4].

cerebrovascular difficulties,

levels Diabetes also contributes to
decreases in
cerebral blood flow, interruption of the blood

brain barrier and cerebral edema [5]. All of

changes ultimately contribute to the long-
term complications associated with diabetes,
abnormalities,

including  morphological

cognitive  impairments and increased
vulnerability to pathophysiological event [6].

In the present study, treatment with
various extract of combination of herbal drug
showed  significant  antihyperglycaemic
activity. The antihyperglycaemic activity of
this plant may be, at least in part, through

release of insulin from the pancreas in view
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of the measured rise in the plasma insulin
concentrations.

The reformed balance of the
antioxidant enzymes instigated by decrease
in CAT, SOD, GPx, GST, GSH and Vitamins
C & E activities may be responsible for the
insufficiency of the antioxidant defenses in
combating ROS-mediated damage. The
decreased activities of CAT, SOD may be a
retort to increased production of H,O; and O,
by the autoxidation of glucose and non-
enzymatic glycation [5]. Treatment with
various extract of combination of herbal drug
increased the activity of enzymes and may
help to control free radicals, as herbal drugs
has been reported to be rich in alkaloids,
flavonoids and terpenoids [16, 17], well-
known antioxidants, which scavenge the free
radicals generated during diabetes. The
increase in SOD activity may defend CAT
and GPx against inactivation by O," anions
as these anions have been shown to
deactivate CAT and GPx [31].

Under in vivo experiments, GSH acts
as an antioxidant and its reduction was
reported in diabetes mellitus [32]. We have
observed significant decrease in GSH levels
in organ during diabetes. The decrease in
GSH levels represents increased utilization
due to oxidative stress [33]. The diminution

of GSH content may also lower the GST

activity [34]. Depression in GPx activity was
also observed in tissues of diabetic rats. GPx
has been shown to be an important adaptive
increased

response to  condition of

peroxidative stress [33]. The significant
increase in GSH content and GSH dependent
enzymes GPx and GST in diabetic rats
treated with various extract of combination
of herbal drug indicates an adaptive
mechanism in response to oxidative stress.
The increased vitamin C and E content in the
organs of the rats treated with various extract
of combination of herbal drug and
glibenclamide may be a factor responsible
for inhibition of lipid peroxidation. The
elevated level of vitamin C and E protects
cellular proteins against oxidation through
glutathione redox cycle and also directly
detoxifies reactive oxygen species generated
from exposure to streptozotocin [34].

It may be concluded that in diabetes,
organ tissue was more vulnerable to
oxidative stress and showed increased lipid
peroxidation. The above observation shows
that the various extract of combination of
herbal drug possesses antioxidant activity,
which could exert a beneficial action against
pathological alterations caused by the
presence of free radicals in streptozotocin

induced diabetes.
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CONCLUSION
The organs exhibit numerous morphological
and functional alterations during diabetes.
Oxidative stress, a factor implicated in the
pathogenesis of diabetic complications may
contribute towards some of these alterations.
Treatment of diabetic rats with combination
of herbal extract significantly increased the
antioxidant status. Since the study of
induction of the antioxidant enzymes is
considered to be a reliable marker for
evaluating the antiperoxidative efficacy of
the medicinal plant, these findings are
suggestions of possible antiperoxidative role
played by combination of herbal extract in
addition to its antidiabetic effect.
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