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INTRODUCTION

ABSTRACT

Multifactorial metabolic diseases, for instance diabetes develop several complications
like hyperlipidemia, hepatic toxicity, immunodeficiency etc., Hence, instead of
mono-drug therapy the management of the disease requires the combination of
herbs. Marketed herbal drugs comprise of irrational combinations, which makes their
quality control more difficult. Phytoconstituents, despite having excellent bioactivity /n
vitro demonstrate less or no /n vivo actions due to their poor lipid solubility, resulting
in high therapeutic dose regimen; phospholipids encapsulation can overcome this
problem. Hence, present study was designed to develop a phospholipids encapsulated
polyherbal anti-diabetic formulation. In the present study, polyherbal formulation
comprises of lyophilized hydro-alcoholic (50% v/v) extracts of Momordica charantia,
Trigonella foenum-graecum and Withania somnifera 2:2:1, respectively, named HA,
optimized based on oral glucose tolerance test model in normal Wistar rats. The
optimized formulation (HA) entrapped in the phosphatidylcholine and cholesterol (8:2)
vesicle system is named HA lipids (HAL). The vesicles were characterized for shape,
morphology, entrapment efficiency, polar-dispersity index and release profile in the
gastric pH. The antidiabetic potential of HA, marketed polyherbal formulation (D-fit) and
HAL was compared in streptozotocin-induced diabetic rat model of 21 days study. The
parameters evaluated were behavioral changes, body weight, serum glucose level, lipid
profile and oxidative stress. The antidiabetic potential of HA (1000 mg/kg) was at par
with the D-fit (1000 mg/kg). However, the potential was enhanced by phospholipids
encapsulation; as HAL (500 mg/kg) has shown more significant (P < 0.05) potential in
comparison to HA (1000 mg/kg) and at par with metformin (500 mg/kg).
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pharmaco-therapeutics/medicines are not able to reverse
hyperglycemia completely, have limited tolerability, and
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therapy especially the natural plant sources having minimal
side effects has arisen. Even the WHO expert committee on
diabetes has recommended the need of investigation of their
effectiveness in the management of the disease.” In majority
of traditional systems, diabetes is better managed by the herbs

Department of Pharmacognosy, ISF College of Pharmacy, combination (Polyherbal) instead of single herb because of
Moga - 142 001, Punjab, India.
E-mail: Ankalia_47@rediffmail.com

synergism and less side effects.

About two hundreds of polyherbal formulations are available

Access this article online in the market (Data un-published) for the management of

Quick Response Code:

Website:

www.japtr.org

diabetes, majority of them contain eight or more drugs in the
combination, quite complex to standardize; therefore, quality
of the product cannot be assured. Since, FDA recommends
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In the study, the lyophilization was done in order to
improve the physical state, bioavailability, and more
importantly stability of thermo-liable constituents present
in the herbs.P!

The fruits of Momordica charantia, seeds of Trigonella
foenum-graecum and roots of Withania somnifera are the major
component in numbers of marketed as well as traditional
antidiabetic formulations.!”!

Momordica charantia (Karela), a climber belongs to family,
Cucurbitaceae, commonly known as bitter gourd or bitter
melon in English. Karela fruits have scientifically proven
for antidiabetic, cholesterol-lowering and antioxidant
properties.[510

Trigonella foenum-graecum (Methi), a green leafy vegetable
belongs to the Leguminosae family. Its seed possesses
antidiabetic, anti-hyperlipidemic and antioxidant
properties.[t3

Withania somnifera (Ashwagandha) is a green shrub
of family Solanaceae. Its roots are potential source of
antihyperglycemic and hypo-cholesterolemic agents.[*!
The root is also reported for its free radical scavenging and
immuno-modulatory properties. Therefore, these three
drugs (karela, methi, and roots of ashwagandha) have been
selected for the development of a polyherbal antidiabetic
formulation.

The problem associated with the use of herbal preparation
is of their poor bioavailability.™! Phytoconstituents like
flavonoids, tannins, terpenoids etc., are poorly absorbed due
to their large molecular size (which cannot be absorbed by
passive diffusion). Also due to their poor lipid solubility,
it severely limits its ability to pass across the lipid-rich
biological membranes.™ The vesicle system composed
of phospholipids can increase the therapeutic value,
reduce toxicity and can increase the bioavailability of the
phytomedicines. The phospholipid-based vesicle system,
mainly phytosomes, has been applied recently to many
popular herbal extracts including Ginkgo biloba, grape
seed, hawthorn, milk thistle, green tea and ginseng.'®!
The flavonoid and terpenoid components of these herbal
extracts lend themselves quite well for the direct binding
to phosphatidylcholine. The binding of components
of herbal extracts to phosphatidylcholine results in a
dosage form that is better absorbed and thus produces
better results than the conventional herbal extracts.['®
The reports indicate that the absorption of Silybin from
Silybin phytosome is approximately seven times higher
compared to the absorption of Silybin from regular milk
thistle extract.'”! Bombardelli et al. (1991) reported that
the silymarin phospholipid complex showed much higher
antioxidant, free radical scavenging properties and a long
lasting action than the silymarin alone.'”? Hence, in the

proposed study they developed polyherbal antidiabetic
formulation incorporated in the phospholipids vesicle
system.

MATERIALS AND METHODS

Drugs, Chemicals and Instruments

The selected plant materials viz karela (fruit), methi
(seed) and ashwagandha (root) were procured from
the authentic supplier and further authenticated by
Dr. H.B. Singh Director, Department of Raw Material
Herbarium and Museum, National Institute of Sciences
Communication and Information Resources (NISCAIR),
New Delhi. The voucher specimens are deposited in the
department of Pharmacognosy at our institute (specimen
numbers HERB/COG/2009-10/1096/89 for karela, HERB/
COG/2009-10/1096/91 for ashwagandha and HERB/
COG/2009-10/1096/94 for methi). The polyherbal antidiabetic
formulation, D-fit capsules (Dhanwantri Pharmaceuticals,
Amritsar), comprising of karela, methi, ashwagandha along
with other 12 ingredients, was used for the comparison
of antidiabetic potential of the developed formulation.
Streptozotocin (STZ) was procured from Sigma Chemical
Co. (St Louis, MO, USA). The kit for glucose estimation was
purchased from Beacon Diagnostics Pvt. Ltd, Navsari, India.
Total cholesterol, triglycerides, HDL-C kits were obtained
from Carol Company, Goa, India. All other chemicals and
reagents were of the highest commercial grade available.
Cooling Centrifuge (REMI), Rotary evaporator (Roteva),
UV/Visible Spectrophotometer (UV 1700, Pharmaspec,
Shimadzu), Lyophilizer (Daihan, Korea) and Transmission
Electron Microscope (TEM-200 Tokyo, Japan) were used
during the study.

Extraction and Lyophilization

The selected plants materials were shade dried, grinded,
using mixer grinder and then sieved by passing through
100 number sieves and stored in an airtight container.
Five hundred grams of each drug coarsely powdered and
were extracted with hydro-alcohol (50% v/v) by triple
maceration (1 x 3 L). The prepared hydro-alcohol extracts
were concentrated under vacuum using rotary evaporator
at40° C temperature (removal of alcohol). The concentrated
extracts were freeze dried at -20° C for 12 h then lyophilized
using lyophilizer. The lyophilized extract(s) powders were
stored in an airtight container and kept in the desiccator
till used.

Formulation Development

The lyophilized powders of hydro-alcoholic extracts
of karela, methi and ashwagandha were evaluated for
antihyperglycemic potentials in OGTT model in normal
Wistar rats at a single dose of 1000 mg/kg, where karela extract
had shown maximum antihyperglycemic potential (Data
un-published). Therefore, different extract combinations
were prepared for the formulation development by varying
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the ratios of methi and ashwagandha, whereas karela was
kept constant [Table 1].

Animals

The animal study was carried out on 3-5 months old Wistar
albino rats of either sex weighing (180-220 g), procured
from the animal house, ISF College of Pharmacy, Moga. The
rats were housed in polypropylene cages under standard
conditions with a 12-h light—dark cycle. The experiment
was conducted with the approval of Institutional Animal
Ethical Committee (IAEC) and CPCSEA guidelines for the
use and care of experimental animals (vide approval no
ISF/CPCSEA/IAEC/2011/33).

Optimization of the Formulation Based on Oral Glucose
Tolerance Test Model

The OGTT study was conducted on overnight fasted
glucose (2 g/kg) induced hyperglycemic normal rats.
The rats were divided into six groups (n = 6); Group I
normal control (0.5% w/v carboxy methyl cellulose (CMC)
solution pretreated rats), Group II (glucose load + 0.5%
w/v CMC pretreated rats) and Group III-VI received
HA, HB, HC and D-fit, respectively, at single dose level
(1000 mg/kg per oral) prior to one hour of glucose load. The
blood samples were withdrawn from the retro orbital plexus
under mild anesthesia, before and 0, 60 and 120 min after
glucose administration. The serum glucose level (SGL) was
estimated within 30 min of withdrawal of the blood sample
by glucose oxidase—peroxidase method.!"®

Acute Toxicity Study

Acute oral toxicity study was performed as per revised
organization for economic co-operation and development
(OECD) guidelines in the albino mice with the OGTT
optimized formulation. The formulation was administered
to the overnight fasted animals in different dose levels up
to 5 g/kg body weight. The animals were observed for 14
days for any kind of abnormal symptoms such as behavioral
changes, locomotion and mortality.!'”)

Quantification of Total Phenolic and Flavonoid
Contents
The phytochemical screening of HA showed the presence of

Table 1: Lyophilized hydro-alcoholic extracts
of karela (A), methi (B) and aswagandha (C)
combinations

Prepared combinations

Name of the
formulation

Combination

HA Drug A:Drug B:Drug C, 2:2:1
HB Drug A:Drug B:Drug C, 2:1:2
HC Drug A:Drug B:Drug C, 2:1:1

Drug A: Karela extract, Drug B: Methi extract, Drug C: Aswagandha extract,
HA: Hydroalcoholic extracts combination A, HB: Hydroalcoholic extracts
combination B, HC: Hydroalcoholic extracts combination C

polyphenols and flavonoids (data unpublished). The amount
of total phenolic and flavonoid contents was determined in
order to characterize the phospholipids vesicle system for their
entrapment efficiency and release profile. The quantification
was done using the colorimetric method i.e., Folin Ciocalteu’s
reagent®! and aluminium chloride methods.?"

Preparation and Characterization of Vesicle Entrapped
Formulation (HAL)

The formulation (HA) had shown maximum check on
rising of SGL in OGTT model. The HA was incorporated
into the vesicle system, prepared by solvent evaporation
method. In this method the weighed amount of cholesterol
and phosphatidyl choline (PC) were dissolved in acetone.
This prepared solution was stirred on the hot plate using
magnetic stirrer; the temperature was maintained at 60° C in
order to prevent the solidification of the PC and cholesterol.
To this a solution of HA, prepared in phosphate buffer
solution was added slowly. The process was continued till
the acetone was not removed completely. The resultant
product was centrifuged for 15 minutes at 10,000 rpm in the
cooling centrifuge and the vesicles settled at the bottom were
lyophilized and characterized.? This process was repeated
using PC and cholesterol in different ratios to optimize the
effective combination of these two. The vesicles prepared
were evaluated for their shape and morphology using
Transmission Electron Microscope. The particle size and
polarity dispersive index were analyzed using Delsa Nano
C particle analyzer. The entrapment efficiency and release
profile of the prepared vesicles were evaluated based on
total phenolic (Gallic acid equivalent) and total flavonoid
contents (Rutin equivalent) using UV spectrophotometer.

Antidiabetic Study in Streptozotocin-Induced Diabetic
Model

The effectiveness of HA and HAL in the management of
diabetes was further evaluated in STZ-induced diabetic
rat model.

Induction of Experimental Diabetes

Diabetes was induced by freshly prepared STZ (50 mg/kg
injection i.p.) in 0.1 M citrate buffer (pH 4.5). STZ-treated
rats were allowed free access of 20% w/v glucose solution
for 24 h to prevent STZ-induced hypoglycemic mortality.
The SGL, determined at 72 h, animals with fasting serum
glucose 250 mg/dl and above were considered as diabetic
in the present study.

Experimental Design

The diabetic rats were randomly divided into eight groups

(n=06):

Group I: Normal control (received 0.5% w/v CMC solution)

Group II: Diabetic control (received STZ 50 mg/kg + 0.5%
w/v CMC solution)

Group III: Diabetic rats treated with HA 1000 mg/kg

Group IV: Diabetic rats treated with HAL 250 mg/kg
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Group V: Diabetic rats treated with HAL 500 mg/kg
Group VI: Diabetic rats treated with HAL 1000 mg/kg
Group VII: Diabetic rats treated with D-fit 1000 mg/kg
Group VIII: Diabetic rats treated with metformin 500 mg/kg

The test as well as standard drugs were suspended in the
0.5% w/v carboxy methyl cellulose (CMC) solution (vehicle) in
distilled water and administered orally using an intra-gastric
canula once daily for 21 days. The parameters studied
included behavioral, biochemical and oxidative stress.

Behavioral Parameters

The effect of developed formulation, on body weight, feed
intake, water intake and urine output were evaluated and
recorded.

Biochemical Parameters

The blood samples were collected on day 0, 7, 14 and 21 of
the study by puncturing the retro orbital plexus under mild
anesthesia. On 21* day, 18 h fasted animals were sacrificed
by cervical dislocation. Blood was collected in a dry test
tube and allowed to coagulate at ambient temperature for
30 min. Serum was separated by centrifugation at 3000 rpm
for 10 min for the estimation of glucose, total cholesterol,”*!
total triglycerides, low density lipoprotein (LDL), very low
density lipoprotein (VLDL) and high density lipoprotein
(HDL) levels.? The liver of the sacrificed animals was
dissected out, weighed, washed with saline, blotted dry and
homogenate using tris and phosphate buffers for the purpose.
The homogenate was analyzed for total glycogen content.*!

Oxidative Stress

The obtained liver homogenate was used to evaluate
the anti-oxidant potential of test drugs on the oxidative
stress obtained during diabetes. For this two oxidative
parameters viz. thio barbituric acid reactive substances

(TBARS) level® and reduced glutathione (GSH) level™!
have been selected.

Antioxidant Activity

The antioxidant potential of HAL was evaluated by
established in-vitro methods; 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical® superoxide dismutase (SOD) and
nitric oxide (NO) radical scavenging activity models.?*%!

Statistical Analysis

All the results are expressed as mean + SD, analyzed by
two-way ANOVA followed by Tukey’s multiple comparison
analysis as post-hoc test. The P < 0.05 was considered to be
statistically significant.

RESULTS

Optimization of the Formulation Using Ogtt Model
The normal vehicle treated rats have shown non-significant
change in the SGL. The group of positive control animals
has showed 48.93% rise in SGL after 60 min of glucose
administration [Figure 1]. In comparison HA (1000 mg/kg)
and D-fit (1000 mg/kg) pretreated groups showed maximum
check on SGL levels and allowed 25.84% and 23.57% of rise,
respectively [Figure 1]. However, SGL was normalized in all
the animals of tested groups within 2 h [Figure 1].

The results of the study showed that HA have most
potent antihyperglycemic combination compared to other
combinations evaluated. Hence, HA was further evaluated
for its anti-diabetic potential in experimental-induced
diabetic model in rats.

Acute Toxicity Study
The HA-treated animals have not shown any sign of
behavioral changes up to the dose of 5 g/kg body wt.

OGTT Graph
150+

100+

mg/di

50+

Time

Normal Control
Positive control

3 Form HA (1000 mg/kg)
Y Form HB (1000 mg/kg)
Form HC (1000 mg/kg)
71 D- fit (1000 mg/kg)

Figure 1: The effect of HA, HB, HC and D-fit at the dose of 1000 mg/kg body wt on serum glucose level of glucose loaded normal rats (OGTT
model). Where a = P < 0.05 vs normal group; b = P < 0.05 vs positive control group
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Total Phenolic and Flavonoid Contents

The OGTT-based optimized formulation (HA) showed the
presence of 13.22 mg gallic acid/g equivalents of total phenolic
and 8.16 mg rutin/g equivalents of total flavonoid contents.

Antidiabetic Study in STZ-Induced Diabetic Rats

In comparison to normal rats, the diabetic control rats
showed consistent and gradual rise in the fasting SGL
during the study. The HA (1000 mg/kg) treated animals
showed fall in elevated SGL by 12.66%, 31.29% and 45.62%
on 7%, 14" and 21* days of the experiment, respectively, in
comparison to onset of study. These results were close to
the D-fit (1000 mg/kg) treated diabetic rats [Figure 2].

Preparation and Characterization of HAL

The HAL with molar ratio of PC and cholesterol (8: 2) was
optimized for the preparation of phospholipids vesicle.
The vesicle (HAL 3) had shown the highest entrapment
efficiency, smallest size and resistance (up to 150 min) in
the gastric pH and released only 53% of the formulation
contents [Table 2].

Antihyperglycemic Study of HAL in OGTT Model

The HAL 500 mg/kg and 1000 mg/kg pretreated groups
have shown 20.25% and 17.24% rise in SGL, respectively,
after 60 min of glucose load. However, vehicle pretreated
group of rats have shown the SGL rise by 52.94% [Figure 1].

Table 2: Optimization of phospholipids vesicle
based on entrapment efficiency, particle size,

polarity dispersity index and release profile at
gastric pH

Code Molar ratio PS (nm) PDI EE RP (%) at
(%) 150 min
HAL 1 6:4 4128+5.78 0.412 32.35 80.95+5.80
(PC:Cholesterol)
HAL 2 7:3 3128+8.1 0.516 41.17 67.66%=6.10
(PC:Cholesterol)
HAL 3 8:2 1176+5.6 0.401 66.88 53.46+4.92

(PC:Cholesterol)
All the results are mean=SD, n=6, PS: Particle size, PDI: Polarity dispersity
index, EE: Entrapment efficiency, RP: Release profile, HAL: HA lipids,
PC: Phosphatidyl choline

Antidiabetic Study of HAL

Serum glucose level estimation

Diabetic control rats showed significant (P < 0.05) and
gradual rise in the SGL up to 21* day of the study as
compared to the onset day. The diabetic rats treated with
the HAL (500 mg/kg) have shown the consistent fall in
raised SGL on 7%, 14" and 21* days by 17.11%1, 38.39%
and 52.11%1, respectively, in comparison to onset of study.
The results were at par with metformin (500 mg/kg) treated
diabetic rats, which had shown consistent fall in serum
glucose by 21.56%1, 43.92%| and 54.76% in comparison
to onset day. The HAL (500 mg/kg) treated groups were
more prominent in lowering the SGL compared to HA (1000
mg/kg) and D-fit (1000 mg/kg) treated animals [Figure 2].

Behavioral Parameters

Diabetic control group (vehicle treated) animals have shown an
abnormal rise in feed intake (54.63 g/day), water intake (101.33
ml/day) and urine output (48.37 ml/day). These effects were
attenuated with HAL (500 mg/kg), which has shown 34.47 g/
day, 48.66 ml/day and 15.53 ml/day, feed intake, water intake
and urine output, respectively. Metformin (500 mg/kg) and
D-fit (1000 mg/kg) also altered these modified levels [Table 3].
The reduction in body weight of diabetic control group was
30.27%| observed on 21% day of study, compared to 0 day.
Whereas, HAL (500 mg/kg) treated group registered check
on the loss in body weight showed the reduction by 9.16%|.
However, animals treated with HA (1000 mg/kg) have shown
check on the loss of body weight by 16.74%] [Table 3].

Lipid Profile

On 21 day of study, diabetic animals have shown the
rise in triglyceride (75.00%1) total cholesterol (92.92%1),
LDL (150.33%7) and VLDL (135.85%1) levels, whereas
HDL level was decreased (39.85%]), compared to normal
control animals [Table 4]. The animals treated with HAL
(500 mg/kg), metformin (500 mg/kg) and D-fit (1000 mg/
kg) have shown significant (P <0.05) improvement in these
altered levels [Figure 3].

Oxidative Stress and Total Glycogen Content
The liver homogenate of diabetic animals had shown the
increased level of TBARS (2.3 nM/mg liver) when compared

Table 3: The effect of 21 days test drugs treatment on feed intake, water intake, urine output and

body weight of the STZ induced diabetic rats

Groups Fl (g/day) WI (mL/day) UO (mL/day) Body weight (g)
Normal control 28.70x4.47 41.33+£8.62 8.93x2.77 221+9.12
Diabetic control 54.63=6.41° 101.33£3.51° 48.37+9.60° 152.50+6.85° (30.27% )
HA, 1000 mg/kg 42.80+6.71 80.33+5.50° 24.43+5.61° 171.50+9.12° (16.74% 1)
HAL, 500 mg/kg 34.47+5.25° 48.66+8.32b¢ 15.53+5.05 187.00+8.32 (9.16% )
Metformin 500 mg/kg 33.83+3.65° 51.33+11.15k¢ 14.50+5.88° 168.33+6.32° (20.03% )
D-fit, 1000 mg/kg 42.30+5.45° 75.33+13.31° 22.00+5.35° 178.17+7.3° (16.80% )

All values represent mean=SD (n=6), Where P<0.05 vs normal group, °P<0.05 vs diabetic control group, P<0.05 vs HA, P<0.05 vs D-fit, WI: Water intake, Fl: Feed

intake, UO: Urine output, STZ: Streptozotocin, HAL: HA lipids, {: Decrease
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with normal control rats (1.02 nM/mg liver). Twenty days
treatment with both HAL (500 mg/kg) and metformin (500
mg/kg) has significantly reversed the raised TBARS level
(1.2 and 1.1 nM/mg liver, respectively) in STZ-induced
diabetic animals. Moreover, in diabetic animals the GSH
level was reduced (11.56 nM/mg liver) with respect to the
normal control group (26.76 nM/mg liver). The treatment
with both HAL (500 mg/kg) and metformin (500 mg/kg)
has effectively improved the GSH level in diabetic rats
[Table 4]. The glycogen content in diabetic control rats was
found to be 3 mg/g on 21 day. This level is improved in
HAL (500 mg/kg) treated diabetic animals (7.89 mg/g). In

Table 4: The effect of 21 days test drugs treatment
on TBARS, GSH and total hepatic glycogen levels
in STZ-induced diabetic Wistar rats

Name of TBARS GSH TG
the drug (nM/mg liver) (nM/mg liver) (mg/g liver)
Normal 1.02=0.08 26.76+5.90 10.12x1.24
control

Diabetic 2.30+0.08° 11.56+1.10° 3.03+0.892
control

HA 1000 1.28+0.22° 17.93+3.71° 5.66=1.01°
mag/kg

HAL 500 1.20=0.20° 22.12+1.81%¢ 7.89+1.03b
ma/kg

D-fit 1000 1.30+0.14° 18.34+1.67° 5.81+1.00°
ma/kg

Metformin 1.10+0.30° 22.65+2.06" 8.55+0.29°
500 ma/kg

All values represent mean=SD (n=6), Where Significant (P<0.05) vs normal
control, bSignificant (P<0.05) vs diabetic control and <Significant (P<0.05)
vs D-fit 1000 mg/kg treated groups, TBARS: Thio barbituric acid reactive
substances, STZ: Streptozotocin, HAL: HA lipids, GSH: Glutathione

comparison, HA (1000 mg/kg) treated animals have shown
5.66 mg/g of total glycogen [Table 4].

Antioxidant Activity of HAL

The HAL evaluated for its antioxidant potential had
exhibited powerful free radical scavenging affect against
all three selected models DPPH, SOD and NO free radicals
with low IC,  values [Table 5].

DISCUSSION

The previous studies suggest that karela (fruits) increases
peripheral utilization of glucose,”! enhanced numbers of
beta cells increased numbers of GLUT4 transporter protein
of muscles!'" and inhibit the glucose-6-phosphatase and
fructose-1,6-bisphosphatase in liver and stimulate hepatic
glucose-6-phosphate dehydrogenase activities.™” Whereas,
methi (seeds) extracts reported to exhibit antidiabetic
potentials by delayed gastric emptying time, glucose
absorption rate,?!"! reduced uptake of glucose in the

Table 5: In-vitro antioxidant activity of developed
formulation (HAL) using DPPH free radical
scavengers, super oxide radicals and nitric
oxide radical as a marker for the activity

IC,, (ug/ml)

Concentration DPPH Super Nitric
(ug/mil) oxide oxide
HAL (25-400) 81.03+2.94 80.54=1.31 86.41+3.87
Ascorbic acid (5-25) 19.40=1.16  15.48+1.01 16.96+3.66

All values are mean=SD, where n=3, HAL: HA lipids, DPPH: 2,2-diphenyl-1-
picrylhydrazyl

B3 Normal control

HAL 1000 mg/kg

300

200+

Glucose (mg/dL)

100+

Blood Sugar level study

=9 Diabetic control

HA 1000 mg/kg

Time (days)

E3 HAL 250 mg/kg [ HAL 500 mg/kg

g8 D-fit 1000 mg/kg &2 Metformin 500 mg/kg

a

N >

Figure 2: The effect of HA (1000 mg/kg), HAL (250 mg/kg), HAL (500 mg/kg), HAL (1000 mg/kg), D-fit (1000 mg/kg) and metformin
(500 mg/kg) on serum glucose level in STZ-induced diabetic rats. All values represent Mean + SD (n = 6). Where a = P < 0.05 vs normal
group; b =P < 0.05 vs diabetic control group; ¢ = P < 0.05 vs HA, d = P < 0.05 vs D-fit
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small intestine;™ stimulation of insulin release from the
remnant 3-cells and improve insulin action at the cellular
level B Oxidative stress has been suggested to be a common
pathway linking diverse mechanisms for the pathogenesis
of complications in diabetes.”? Oxidative stress may play
an important role in the onset and progression of diabetic
vascular complications. This suggests the possibility
that such complications can be prevented and treated
with antioxidants. Ashwagandha is well known for its
antioxidant, anti-stress and immuno-modulatory activities.
These available reports on the selected plants encouraged
us to their incorporation in the development of a polyherbal
formulation in order to achieve the synergism.

In present study, the formulation was prepared by mixing
different ratios of lyophilized hydro-alcohol (50%) extracts
of the selected plant materials, prepared by triple maceration
method, which protects thermo labile compounds and
resulted good yield.*** In the study the combinations of
extracts were prepared by keeping karela extract at higher
ratio, based on the results of comparative antidiabetic study
carried on the hydro-alcohol extracts of karela, methi and
ashwagandha in our department (un-published data).
The formulation (HA) comprised of karela, methi and
ashwagandha extracts in the ratio of 2:2:1, respectively.
Table 1 shows significant (P < 0.05) antihyperglycemic
potential in OGTT model [Figure 1]. This effect of HA
may be due to the insulin release and increased peripheral
absorption of glucose,™ as methi and karela extracts were
presentin the higher ratios. Therefore, HA (1000 mg/kg) was
selected for further study in STZ-induced diabetic rat model.

STZ-induced diabetic rats showed elevated levels of serum
glucose (>250 mg/dl), due to the destruction of islets of
Langerhans, which results into decrease in serum insulin
level. The HA (1000 mg/kg) treated diabetic animals showed
significant (P < 0.05) gradual fall in SGL in comparison to
diabetic control group of animals. The results were at par with
D fit (1000 mg/kg) and were comparable to metformin (500
mg/kg) treated animals [Figure 2]. The antihyperglycemic
activity of HA may be attributed to the synergistic effect of
the karela and methi present in the formulation.

Serum lipid levels are usually elevated in diabetes, which
represents a high risk factor for coronary heart disease.
Under normal condition, insulin activates the enzyme
lipoprotein lipase, which hydrolyses triglycerides.
However, in a diabetic state, lipoprotein lipase does not
function properly due to insulin deficiency resulting in
hyper-triglyceridemia.?™ On 21* day of the study, diabetic
animals showed significant (P <0.05) rise in total cholesterol,
triglycerides, LDL and VLDL levels, and lower HDL level in
comparison to normal rats. The HA (1000 mg/kg), D-fit (1000
mg/kg) and metformin (500 mg/kg) treated animals led to a
significant (P <0.05) normalization of lipid profile [Figure 3].
It implies that HA can reduce the diabetic complications of
lipid metabolism and associated cardiovascular risk factors.
This action of HA (1000 mg/kg) is probably due to the Karela
which restores the action of lipoprotein lipase;®! methi
which up-regulate the peroxisome proliferators activator
receptors (PPAR) activity and also increased insulin
secretion and also due to the aswagandha that scavenge the
free radicals generates during the diabetes.!"

200+
150 4
§ 100- 7748 .
// 3
N -
%
°'
R
B Normal control
M HAL 500 mg/kg

Diabetic control

D-fit 1000 mg/kg

E= HA 1000 mg/kg

Metformin 500 mg/kg

Figure 3: The effect of HA (1000 mg/kg), HAL (500 mg/kg), D-fit (1000 mg/kg) and metformin (500 mg/kg) on lipid profile in STZ-induced
diabetic rats. All values represent Mean = SD (n = 6). Where a = P < 0.05 vs normal group; b = P < 0.05 vs diabetic control group;

¢=P<0.05vs HA
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In diabetic rats, lack of insulin results in decreased hepatic
glycogen contents. The HA (1000 mg/kg) treated group
of animals showed significant (P < 0.05) improvement in
the glycogen content [Table 4]. This may be because of
synergistic effect of karela and methi on the reactivation
of the glycogen synthase system, increased serum insulin
level or it may also be due to the up-regulation of GLUT-4
and PPAR-vy activity of HA, which facilitates uptake of
glucose by the peripheral tissues and excess of glucose
stored as glycogen.*"!

The hyperglycemia leads to auto-oxidation and generates
the reactive oxygen species (ROS) during the process
of glycation.®® The oxidative stress can impair the
internalization of insulin by endothelial, thus limiting
hormone delivery to target tissues and interfere with
GLUT-4-mediated glucose transport.®” The oxidative
stress acts on signal transduction and, via nF-kB, affects
gene expression. Thereby, the expression of antioxidant
enzyme can be reduced. Thus, usefulness of antioxidants
and the PPAR-a activator has been suggested in the control
of NF-kB activity.*0

The diabetic animals have shown elevated level of lipid
peroxidation and decreased GSH level; those are clear
manifestation of excessive formation of free radicals
and resulting in tissue damage. The present study
demonstrates that the 21 days treatment of diabetic
rats with HA (1000 mg/kg) have significantly (P < 0.05)
returned the altered levels of lipid peroxides and GSH
towards their normal values [Table 4]. It indicates that
HA (1000 mg/kg) has antioxidant potential, which may
be due to the presence of triterpenoids, phenolic and
flavonoids and steroidal lactones in the HA.

The diabetes results in loss of body weight, attributed to the
abnormality in carbohydrate metabolism such as lipolysis,
glycogenolysis, and acidosis that result in protein deficiency.
1 Diabetic rats treated with HA (1000 mg/kg) and D-fit (1000
mg/kg) have shown significant (P < 0.05) check on body
weight loss. The antidiabetic action of HA is probably due
to the synergistic effect of drugs of different mechanism of
action such as, insulinomimetic, insulin sensitive, insulin
secretagogue,'”* GLUT-4 and PPAR—y up-regulations,®!!
free radical scavenger and {3 cells rejuvenation.

The phospholipids encapsulation of HA resulted in
significant improvement of its antidiabetic action and
dose was reduced (up to 50%). Moreover, it has been
observed that the effect of HAL (500 mg/kg) were
more significant (P < 0.05) than the HA (1000 mg/kg) in
normalizing hyperglycemia [Figure 2] as well as lipid
profile [Figure 3] of the diabetic animals. The probable
reason for this improvement is that, drugs those contain
the macromolecules as well as protein/peptides may
degrade pre-systemically in the gastrointestinal tract

leading to a reduced fraction reaching the intestinal
wall. The formulation/drugs with more hydrophilic
contents do not absorb properly through the GIT.
This usually results in poor bioavailability of the drug
sometimes only one percent of the total drug contents
reaches into the blood.*” The HAL have shown the
high entrapment efficiency, minimum drug release and
stability in gastric pH up to 150 minutes [Table 2]. The
in-vitro characterization details of HAL suggest that the
vesicle-entrapped formulation might have reached into
small intestine without its degradation. The phytochemical
screening of HA had shown the presence of polyphenols,
flavonoids, triterpenoids, and steroids and amino acids
(data unpublished). The flavonoid and terpenoidal
components are reported to lend themselves quite well
for the direct binding to phosphatidylcholine resulting in
the protection of the phytoconstituents from the gastric
pH and better absorption of them through the small
intestine.*? Phospholipids vesicle, protects the valuable
components of the herbal drugs from destruction in the
gastric environment and gut bacteria, thus producing
better results in comparison to the conventional polyherbal
formulation. These results further support the concept
of pinocytosis of liposomes by intestinal epithelial
cells, which transfer it to the serosal side of the gut. The
stability of the phospholipids vesicle in gastrointestinal
environment can increase the potential of the incorporated
drugs. The results of both in vitro and in vivo studies have
shown that there may be the possibility of enhancing the
uptake process to deliver a range of drugs by the oral route.

CONCLUSION

In this study, a polyherbal antidiabetic formulation
with three drugs (components of marketed polyherbal
formulation with fifteen drugs) was developed by
optimization on the basis of OGTT study in normal
Wistar rats. The developed formulation, HA (1000
mg/kg) was further evaluated for its antidiabetic
activity in STZ-induced diabetic rat models and found
therapeutically at par with a marketed polyherbal
formulation, D-fit (1000 mg/kg) and with standard
drug metformin (500 mg/kg). Furthermore, HA was
encapsulated in the phospholipids-based vesicle system.
On antidiabetic evaluation in STZ-induced diabetic rat
model, it was observed that its therapeutic efficacy was
improved two times; hence, dose was reduced by 50%.
Hence, concept of our hypotheses of both the synergism
of the selected drugs and encapsulation of the herbal
extracts are scientifically validated that, incorporation
of more numbers of herbs in the formulation can be
minimized by selecting the drugs, produce their action
by targeting the different sites/receptors. Furthermore,
the encapsulation of conventional extracts/dosage form in
vesicular system can potentiate the efficacy of the herbal
formulation/products.
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