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ABSTRACT

The present investigation was carried out to fomughe hypoglycemic effect of newly developed
polyherbal formulation (5EPHF) consisting of fiveedicinal plant extracts viz., Aegel
marmelos, Murraya koenigii, Aloe vera, Pongamiangita and Elaeodendron glaucum in
normal and alloxan induced diabetic rats. The folation was subjected to pharmacognostic,
physico-chemical and phytochemical evaluations whiall assist in standardization for
authenticity, quality and identification of the bat products. Further, the results showed that
the formulation treated group significantly alteréde glucose level in normoglycemic and
experimentally-induced diabetic animals. Treatmeith SEPHF at dose 200 mg/kg to diabetic
rats resulted in significant reduction of serum ayae, glycosylated haemoglobin, total
cholesterol, triglyseride, low density lipoprotetreatinine, urea whereas significant increased
level of insulin and high density lipoprotein wa®served. The formulation treatment
significantly inhibited lipid peroxidation and eles the level of antioxidants enzymes in
alloxanized rats. Histopathological studies on 2dy devealed that the regeneration effect of
5EPHF on damaged pancreatic islet cells was foulndoat comparable to that of standard
tolbutamide drug. The present study clearly demated that the developed novel
phytomedicine is having potential hypoglycemic amtioxidant activities which may be
beneficial for the management and treatment of elied mellitus.

Key words: Polyherbal formulation, pharmacognostic evaluatidngoglycemic activity, lipid
peroxidation, diabetes mellitus.

319

Scholar Research Library



Debapriya Garabaduet al Der Pharmacia Lettre, 2011, 3(1):319-333

INTRODUCTION

The World Health Organization (WHO) released thilglines to formulate traditional medicine
and recommended to study its usefulness includuaduation, safety, and efficacy for public
health care in developing natiof$]. In order to assess the quality control and quality
assurancef herbal medicines, standardization of herbal idations is required whichan

be achieved using modern sophisticated analytezdiiques. As per traditional Indian system
of medicines, the combination of herbal drugs igenoreferable which enhances the desired
pharmacological activities and considered to be tesic and free from undesirable side effects
other than synthetic ong3,3].

Diabetes mellitus (DM) is endocrinal syndrome agged with depleted insulin secretions,
damaged pancreatif-cells with altered carbohydrate, lipid and proteimetabolism and
additionally increased risk of complications ofieais vascular diseases ¢4¢. WHO predicted
that Indian people are more genetically susceptiblaediabetes accounting about 30 to 33
millions and would go up to 40 millions by the esfd2010 which further will reach to maximum
of 74 millions by 20295]. Worldwide the diabetes is third leading cause edtd due to high
incidence of morbidity and mortality after cancerdacardiovascular diseases. Complications
such as renal failure, coronary artery disorderrelm®-vascular disease, neurological
complications, blindness, limb amputation, longntedamage, dysfunctions and failure of
various organs and eventually premature deathss@ceted with chronic hyperglycenjd.

In-house polyherbal formulation (SEPHF) was pregacensisted of five plants vizAegel
marmelos(L.) Corr., (Family: Rutaceae; Hindi- BaelYurraya koenigii(L.) Spreng (Family:
Rutaceae; Hindi- Meethi neenfloe vera(L.) (Family: Liliaceae; Hindi: GhikanvarPongamia
pinnata (L.) (Family: Fabaceae; Hindi: Karanja) attlaeodendron glaucuniers. (Family:
Celastraceae; Hindi-Jamrassi). Based on literagureey, all the selected plants presently used
clinically to possess antidiabetic and other mewdicvalueqd6-13]. Furthermore, in our previous
studies we had reported the antidiabetic activibésAegel marmeloqL.) Corr., Murraya
koenigii (L.) Spreng,Aloe vera(L.), Pongamia pinnatgL.) and Elaeodendron glaucurRers.
plants[14-17] respectively in alloxan-induced rat model. Therefdan our present study an
attempt has been made to develop a novel polyheftwahulation (5EPHF) and the
hypoglycemic activity is evaluated in alloxan-inédaat model.

MATERIALS AND METHODS

1.1. Drugs and chemicals

Tolbutamide (TBM) was supplied as gift sample byeklsst Pharmaceuticals, Mumbai, India.
Alloxan monohydrate was procured from Sigma-Aldrichemical Co., St. Louis, MO, USA.
Folin-Ciocalteau reagents were from Sigma-Aldricie.1(St. Louis, MO, USA); One Touch
Glucometer (Accu-chek Sensor) and Diagnostic-kiessempurchased from Roche Diagnostics
GmbH, Mannheim, Germany. All other reagents andnub&ls used were of analytical/
pharmacopoieal grade purchased from E. Merck Ibtdiand Ranbaxy respectively.
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1.2. Plant authentications and extraction

The laboratory prepared SEPHF formulation con®i$tive plant extracts vizAegel marmelos
(L.) Corr., (Rutaceae)Murraya koenigii(L.) Spreng (RutaceaeRfloe vera(L.) (Liliaceae);
Pongamia pinnatgL.) (Fabaceae) anflaeodendron glaucurRers. (Celastraceae) respectively.
All the plants wereharvested from local region which was identified aauthenticated by an
expert Dr N Shiddamallayya of Regional Researchitite (Ay.), Bangalore (India), where
RRCBIMus/3-6 had been deposited in herbarium and one of Wmeicher Specimen
DOP/HB/459 was submitted at the institutional hetba. Separately all the plant materials
(1kg) was soxhlet extracted using analytical graokents (2.5 I, 72 h each) with methanol at
temperature between 45-65°C. The obtained extrastdtied under reduced pressure at 40°C in
rotary evaporator and thereafter frozen and lyagedl which were finally refrigerated between
4-8°C up to further use in an airtight containers.

1.3. Polyherbal formulation development

All the dried powdered extracts according to TabMere mixed in equal proportion (200 mg x
5/ 1g of formulation) or one part each and sievedrder to mix it properlyl8]. Thereafter the
formulation mixtures were suspended into freshippared carboxymethylcellulose (0.3% w/v in
distilled water) solution and preserved till funtexperimentation.

Table 1: Composition of polyherbal formulation (5SERHF)

Plant Extracts Parts used Quantity (mg/ 1g of
formulation)

Aegel marmelof_.) Corr., (Family: Rutaceae; Hindi- Bael) Root o

Murraya koenigii(L.) Spreng (Family: Rutaceae; Hindi- Meethi neemiRoot 200

Aloe vera(L.) (Family: Liliaceae; Hindi: Ghikanvar) Leaves 200

Elaeodendron glaucumers. (Family: Celastraceae; Hindi-Jamrassi) Stark b 200

Pongamia pinnatdL.) (Family: Fabaceae; Hindi: Karanja) Leaves 200

2.4.Pharmacognostic evaluations (Standardization)

2.4.1.0rganoleptic properties

Organoleptic properties of the laboratory developEePHF formulation were determined using
the reported methods for color, odour, and tak®e 20]

2.4.2. Phyotochemical screening

In order to determine the presence of phytochenmcplant extract, standard identification tests
for alkaloids, saponins and triterpenes, tanniteyohoids, carbohydrates and sterols was
performed 21].

2.4.3. Physico-chemical investigations

Total ash value was determined by taken accuratelghed 2 g of sample extract into ignited
tared silica crucible where it was spread as a fayer on the bottom. At the increasing
temperature the sample was burnt up to red hoerceeding 450°C until free from carbon.
Then the crucible was cooled and resultant ashweghed and thereupon percent total ash
value was determined with reference to air-drielaex drug. The obtained ash during the above
procedure was taken and boiled with 2N HCI (25 fat) 5 min respectively for quantitative
estimation of acid insoluble ash. Thereafter ttsoluble ash was recovered on an ash less filter
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paper and washed using hot water. Insoluble samatetransferred into a crucible which was
again burnt for 20 min and weighed properly. Inesrtb omit errors the whole step was repeated
thrice and the percent acid insoluble ashes weterdened with reference to air-dried drug.
Water soluble ash was determined by using the eredvash during the estimation for total ash
was taken and boiled with,B (25 ml) for 5 min interval. Thereafter the indak ash was
recovered on an ash less filter paper and washed Ut water. Insoluble sample was
transferred into a crucible which was again buantZ0 min and weighed properly. The whole
step was repeated thrice in order to omit errord #re percent water soluble ashes were
determined with reference to air-dried drug redpebt. The pH of the sample formulations at
concentration 1 and 10% respectively was determiisgty pH meter at room temperature. Loss
on drying was carried out using the reported methai{2].

2.4.4. Fluorescence analysis

Fluorescence test was conducted using methodsteepby Kokoski et al., 1958 [23]and
Chase and Pratt, 1949 [24]Sample drug (1 mg) was treated separately withl ach of
NaOH (1N), NaOH (1N) in MeOH, NaOH (50%), Conc,S®; H,SO, (50%), Conc. HN@
HNO; (50%), CHCOOH, lodine (5%), HCI (1N), Ammonia solution (25%hd KCr,O;
solutions respectively which was observed undeiblésUV-254 and UV-366 light.

2.4.5. Physical characteristics

Determination of physical characteristics of foratidn for bulk density, tap density, angle of
repose, Hausner ratio and Carr’'s index were camodby following prescribed method of
Lachman et al., 1987 [25]and Aulton, 2002 [26] respectively. Angle of reposer)( was
determined by an equatien= arc tan H/R, whereas, H is the height and Fesradius of the
conical pile. Equation used for estimation of bd#asity () was Db=M/\, whereas, M is the
mass of particles andy\fs the total volume of packing. Hausner ratio wasasured by equation
Di/Do Whereas, Pis the tapped density and, & the bulk density. The equation used for
measuring Carr’s index (1) was I={EDo /Ds) x 100 whereas, DOs the tapped density andy D
the bulk density.

2.5. Hypoglycemic evaluation

2.5.1 Experimental animals

Inbreed adult male Charles-Foster (CF) albino §85-200 g), 2-3 months old, were obtained
from School of Pharmacy, Chouksey Engineering @ellBilaspur and were used in the study.
Before experimentation animals were acclimatizedafperiod of 5 days was housed in groups
of six in polypropylene cages (34 x 47 x 18%iined soft wood shavings as bedding were
renewed every 24 h intervals. They were maintaumetker standard environmental conditions of
12/12 h light/dark cycles, relative humidity 50-60®t and at temperature 22€3 were fed
with rat pellet diet (Gold Moher, Lipton India Ltdnd waterad libitum respectively. All the
experimental procedures utilized were performedaatordance with the approval of the
Institutional Animal Ethics Committee (169/ac/08CFEA) under strict compliance of
Committee for the Purpose of Control and Superrigib Experiments on Animals (CPCSEA)
guidelines for the experimental studies.
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2.5.2 Acute toxicity studies and selection of doses

An acute oral toxicity study was performed accogdio “Organization for Environmental
Control Development” guidelines (OECD: Guideline¥04 Fixed Dose Procedure). Overnight
fasted albino rats (n=6) were used for the studypeEimental animals were administered with
fixed methanolic extract of dose 5, 50, 300 mg lapd 2000 mg K§ respectively was found
tolerable. Three dose levels 200 mg/kg (One-tehtheomaximum lethal dose), 100 (half to that
of one-tenth dose) and 50 mg/kg (quarter to thatneftenth dose) were selected for assessment
of possible antidiabetic activities. Then afteridgsanimals were observed individually for first
30 min periodically and daily thereafter, till 14ys for any toxicity sign of gross changes in skin
and fur, eyes and mucous membranes, circulatospiregory, and autonomic and central
nervous systems, and behavior pattern if any.

2.5.3 Experimental Protocols

Diabetes was induced by a single dose intravemjerstion of freshly prepared alloxan monohydrate
(120 mg kg b.w.) in 0.9% wiv NaCl solution (normal saline)deernight fasted albino rats. Blood
glucose level was measured by using one-touch gletsr and diabetes was confirmed after 72 hr
of alloxanisation. Rats with fasting blood glucdémeel more than 250 mg/dl were considered to be
diabetic and were selected for further experim@mtal he rats selected for studies were fasted over
night and divided into 5 groups of 6 rats eachadlsWis (n = 6) Group | served as normal control
rats (non-alloxanized) that receivedhicle (1 ml of 2.5% v/v Tween-80 in distilled water) gnl
Group Il served as diabetic control rats (alloxetjz Group Il diabetic ratsreceived
Tolbutamide (TBM; 250 mg kbb.w.) once only as reference drug and Group IV toa# were
administered with test doses of SEPKBD, 100 and 200ng kg' b.w. day") respectively.
Quantitatively, plasma glucose was estimated by withdrabioogd samples from tail vein prior to
dosing (day 0) and then at day 21 in all groupanifnals. The effect of SEPHF treatment on blood
glucose level during three weeks in experimental rats warried out by conducting
normoglycemic and alloxan-induced diabetes studiies.final body weight, food and fluid intake of al
groups of animals were monitored on a daily basi21 days at regular time. Fixed amount of ratxcho
and fluid was given to each rat and replenishedeikeday.

2.5.4 Blood sampling and biochemical estimations

At the end of 24 day, all the rats were euthanized by pentobabiodium (60 mg/kg) and sacrificed by
cervical dislocation. Blood sample was withdravenfrabdominal aorta into fresh centrifuge tubes and
centrifuged at 2,500 rpm for 15 min to obtain seana plasma. Serum samples were stored AT -6kl
utilized for further uses. Thereafter, biochemiaahblysis was carried out by estimation of total
cholesterol (TC), triglycerides (TG), low densitydgotein (LDL), high density lipoprotein (HDL),
glutamate oxaloacetate transaminases (SGOT), glteapyruvate transaminases (SGPT), alkaline
phosphate (ALP), urea and creatinine, using Hitakhio analyzer. During analysis standard
procedures were followed using commercial kit (EB&|E-Merck, India; Roche Diagnostics, GmbH,
Germany) respectively. Plasma insulin was assayedskmg commercial enzyme-linked immuno
sorbent assay kit (ELISA, Boerhringer Mannheim, zery). The level of hemoglobin (Hb) and
glycosylated hemoglobin (HbA) was estimated using Drabkin reagent.
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255 Assesment of oxidative stress related markers

Lipid peroxidation was estimated by assessing thenpa malondialdehyde (MDA) formation
using the method described by Uchiyama and Miha8&8 [27] with minor modification by
Sunderman et al., 1985 [28] based on the thioharbiacid reactive substances (TBARS) test.
Estimation of superoxide dismutase (SOD) activityfr@e radical scavenging enzyme, was
performed at 470 nm (26) by the degree of inhibition of reaction using thethod of Ukeda et
al., 1997 [29]. While catalase (CAT) activities wexssayed bgatalysisof hydrogen peroxide
(H20,) to H,O in an incubatiomrmixture and recordedt 240 nm for 30 s respectively
following the method of Aebi, 1984 [30] respectively.

2.6 Histopatholigical studies

Histopatholigical studies were conducted in eaclugrof normal, diabetic and formulation treated
animals following methods afothivel et al., 2007[31] andNagappa et al., 200332] with minor
modifications. The animals were sacrificed aftevical dislocation and whole pancreas was excised,
washed with normal saline to remove blood and theckly fixed in 10% buffered formalin for 12 h
periods. After that, specimens wetehydrated through the graded concentration of ethafel (5
100%),cleared in xylene and then embedded in paraffin Wakgrotary microtome mall sections

of 5-um thickness were cut down, mounted on glass slgdesied with hematoxylin-eosin and
then examined for microscopy. The magnified photomiciygavere presented in Fig. 5(A-E)
respectively.

2.7 Statistical analysis

The results are expressed as meantS.E.M. The statmtjio#ficance was determined by One-
Way Analysis of Variance (ANOVA) followed bPost-hocStudent Newman Keuls tedR. <
0.05 was considered to be statistically significant.

2. Results

2.1. Pharmacognostic investigation of the 5SEPHF formulaon:

Results for physical characteristics like Bulk density (g/fd)p density (g/ml), Angle of repose
(°), Hausner’'s ratio, Carr's index was estimated andndoto be 0.46+0.03, 0.60+0.08,
41.61+0.97, 1.30+0.05 and 23.33%1.34 respectivebhasvn in Table 2.

Table 2: Physical characteristics of the laboratorysEPHF formulation

Parameters Mean Value n=3
Bulk density 00.46+0.032

Tap density 00.60+0.083
Angle of repose 41.61+0.971
Haussner ratio 01.30£0.005
Carr’s Index 23.33£1.340

All values are expressed as MeanSD respectively

Physicochemical characteristics were determined and teeieiptage values are presented in
Table 3. The percent total ash value, water soluble akle \and acid insoluble ash value was
found to be 8.60+£2.04, 1.09+£0.03 and 1.30+0.05 m&spdy. Moisture content or loss on drying
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for the sample was found to be 3.15+1.52 %. Thamoieptic parameters were reported in Table
4. Florescence analysis of formulation 5E-PMfas performed on treating with various
chemicals and results were mention in Table 5.

Table 3: Physico-chemical characteristics of the loratory SEPHF formulation

Parameters Mean Value (%)
Total ash value 8.60+2.04
Water soluble ash value 1.09+0.03

Acid insoluble ash value 1.30£0.05
Water soluble extractive value 10.18+2.56
Alcohol soluble extractive value 8.38+3.12

pH of 1% w/v aqueous solution 6.05+1.87

pH of 10% w/v aqueous solution 6.20+2.29

Loss on drying 3.15+1.52

All values are expressed as MeantSD respectivei$; n

Table 4: Organoleptic properties of the laboratory5SEPHF formulation

Appearance Color Taste Odor
Moderately fine Pale brown Characteristics Characteristics
powder

Table 5: Powder fluorescence tests of the laboratgt5SEPHF formulation

Treatment Visible light UV atmax 254 nm UV atmax 366 nm
5E-PHF Pale brown Brown Dark brown
5E-PHF+ NaOH (1N) Yellowish green Fluorescent green Green

5E-PHF+ NaOH (1N) in MeOH Yellowish green Yellow éen

5E-PHF+ NaOH (50%) Yellow Green Dark Green
5E-PHF+ Conc. k5O, Yellow Light brown Brownish green
5E-PHF+ HSGO, (50%) Yellow Green Yellowish green
5E-PHF+ Conc. HNQ@ Brownish green Yellow Yellow

5E-PHF+ HNQ (50%) Brown Green Light brown
5E-PHF+ CHCOOH Pale green Green Yellowish orange
5E-PHF+ lodine (5%) Yellowish brown Dark brown Bkac

5E-PHF+ HCI (1N) Brown Orange Green

5E-PHF+ Ammonia solution (25%) Yellowish brown Ltdbrown Brown

5E-PHF+ KCr,0O; Dark yellow Yellowish brown Blackish brown

2.2. Effect of 5EPHF on plasma glucose level in normogtemic and diabetic rats:

Time dependant effect on the level of plasma gledesel in fasted normoglycemic rats is
depicted in Fig-1(A). Statistical analysis by OnaywANOVA revealed that there was no
significant difference among the groups at 0 dag4[F20) = 0.086, P>0.05]. Similarly, statistical
analysis at 21 day showed that there was signifiddference among the groups [F (4, 20) =
3.82, P<0.05]. Post-hoc test revealed that TBM (Bfkg) and S5EPHF (50, 100 and 200
mg/kg) showed significant decrease in the plasngarsievel compared to control. Further,
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5EPHF (50 and 100 mg/kg) did not show any significahange, but 5EPHF (200 mg/kg)
showed significant increase in glucose level comgpan TBM (250 mg/kg).

CJCON E=TBM  ESPHF60 P ————
ESSPHF-100 EZaPHF-200 @) ESUPHF-100 EZAPHF-200
(Agn- 450- o€
5 751 NP ] g =INI% =N
;::- § a %ann- E § é E §

T 45 \ P E N E N b
1. | [HEN : =N \
" \ ® SNV BEEN
Day-1 Day-21 Day-1 Day-21

Fig-1. The hypoglycemic effect of the 5SEPHF (50, 00and 200 mg/kg) groups in fasted normoglycemic (A)
and alloxanised (B) rats. All values are Mean+SEM?P<0.05 compared to CONPP<0.05 compared to DM,
°P<0.05 compared to TBM,’P<0.05 compared to 5EPHF (50 mg/kg) an8P<0.05 compared to SEPHF (100
mg/kg) (One-way ANOVA followed by Student Newmann &uls test).

Fig-1(B) showed time dependant effect on the l@fghlasma glucose level in alloxan treated
rats. Statistical analysis by One-way ANOVA revedalkat there was no significant difference
among the groups at 0 day [F (4, 20) = 1.14, P30Barther, statistical analysis at 21 day
showed that there was significant difference amitweggroups [F (4, 20) = 5.28, P<0.05]. Post-
hoc test revealed that TBM (250 mg/kg) and SEPHIO (&ig/kg) showed significant reduce in
the plasma sugar level compared to diabetic can8whilarly, statistical analysis at 14 day
showed that there was significant difference amitweggroups [F (7, 40) = 5.26, P<0.05]. Post-
hoc test revealed that TBM (250 mg/kg) and ME (268 400 mg/kg) showed significant reduce
in the plasma sugar level compared to diabeticrobriurther, it has been observed that SEPHF
(100 and 200 mg/kg) showed significant increasgugar level compared to TBM (250 mg/kg).
Furthermore, 5SEPHF-200 showed significant decr@asdood glucose level compared to DM,
5EPHF (50 and 100 mg/kg) group.

2.3. Effect on body weight, food and fluid intake:

The effect of SEPHF on final body weight is illeed in Fig-2 (A). Statistical analysis by One-
way ANOVA revealed that there was significant diflece among the groups for final body
weight estimation [F (4, 20) = 0.78, P<0.05]. Plost-test revealed that DM, SEPHF (50 mg/kg)
showed significant decrease, and TBM (250 mg/kd)@BPHF (100 and 200 mg/kg) showed no
change in body weight compared to control. Furtleeenthere was significant increase in body
weight in 5EPHF (100 and 200 mg/kg) compared tbetia group.

The effect of different extracts of root of SEPHR twod intake is illustrated in Fig-2 (B).

Statistical analysis by One-way ANOVA revealed ttietre was significant difference among
the groups [F (4, 20) = 3.11, P<0.05]. Post-hot tegealed that only diabetic group showed
significant increase in food intake compared totcnFig-2 (C) illustrates the effect of SEPHF
on fluid intake. Statistical analysis by One-way @WA revealed that there was significant
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difference among the groups [F (4, 20) = 18.55,.05J0 Post-hoc test revealed that all the

groups showed significant increase in food intak@gared to control.

(A)
260~ "
b

00

150+

-

=]

-]
1

Body Weight (in gm])

CON DM TBM  SEPHF-50 SEPHF-100 SEPHF-200

(B) (©

a 350 i
— 75 - 300

/

0
CON DM TBM  SEPHFS0 SEPHF-100 SEPHF-200 CON DM TBM  SEPHF-50 SEPHF-100 SEPHF-200

Fig-2. Effect of 5EPHF (50, 100 and 200 mg/kg) oimfl body weight (A), food intake (B) and fluid intake (C)
levels. All values are Mean+SEM®P<0.05 compared to CON’P<0.05 compared to DMP<0.05 compared to
TBM, “P<0.05 compared to 5EPHF (50 mg/kg) an@P<0.05 compared to 5EPHF (100 mg/kg) (One-way
ANOVA followed by Student Newmann keuls test).

I

Fluid Intake {mllday

2.4.  Effect on Biochemical parameters:

The effect of 5SEPHF on plasma insulin is illustcabe Table-6. Statistical analysis by One-way
ANOVA revealed that there was significant differenamong the groups [F (4, 20) = 2.35,
P<0.05]. Post-hoc test revealed that diabetic, 3ERP$0 and 100 mg/kg) showed significant
decrease in plasma insulin level, however, there meachange in plasma insulin level in TBM
(250 mg/kg) and 5SEPHF (200 mg/kg) group comparecbtdrol. Further, there was significant
increase in plasma insulin level in TBM (250 mg/lgd 5SEPHF (200 mg/kg) groups compared
to diabetic group.

Table 6: Effect of SEPHF formulation treatment for 21 days on blood glucose and other biochemical feaes
in alloxanised rats

Parameters Control DM TBM 5EPHF-50 S5EPHF-1086EPHF-200
Insulin (uU/ml)  15.6+1.51  6.4+0.46 14.3+1.87 6.242.57  8.2+2.06  15.6+2.48
TC (mg/dl) 63.442.46  95.7+4.03 69.2+#3.84 62.5+2.70 69.8+2.68 64.7+4.28
TG (mg/dl) 84.6+5.36  120.2+4.87 82.7+3.68 86.3+5.27 93.1+6.3? 87.9+4.94

LDL (mg/dl) 51.5+2.14  117.8+6.48 48.9+3.08 60.4+4.3% 65.3+4.78 59.7+2.36
HDL (mg/dl) 34.4+1.62  20.842.43 37.3+1.78 39.5+3.26 32.7+2.48 38.1+3.14
Total Hb(mg/dl) 15.3+1.47  6.7+0.84 14.6+1.27 159+2.18 14.1+0.88 15.4+1.32
HbAlc (mg/dl)  3.6+0.57 10.740.84 8.4+0.46  7.5+0.54  8.2+0.8F  5.1+0.75°c
SGOT (mg/dl)  55.2#3.54  103.3+633 64.1+4.48 65.5+3.08 70.4+2.24 67.8+2.16
SGPT(mg/dl) 42.7+4.37  105.6+725 54.8+2.64 58.2+2.48 5754588 60.9+5.32

ALP (U/L) 131.4+6.48 217.6+7.27 148.3+4.87 145.6+2.59 150.5+3.08 143.5+2.6%
Urea (mg/dl) 26.3+2.53  35.24#419 31.7+1.49  33.5+1.84  38.243.50  34.3+2.66
Creatinine 0.85+0.06  1.51+0.43 0.76+0.04  0.78+0.02  0.84+0.06  0.81+0.05
(mg/dl)

All values are MeantSEMP<0.05 compared to controPP<0.05 compared to DiabetiéP<0.05 compared to
TBM and®P<0.05 compared to 5EPHF (50 mg/kg) affé0.05 compared to 5SEPHF (100 mg/kg) (One-way
ANOVA followed by Student Newmann keuls test).
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Table-6 showed the effect of SEPHF on TC leveltiSteal analysis by One-way ANOVA

revealed that there was significant difference agntire groups [F (4, 20) = 17.38, P<0.05].
Post-hoc test revealed that only diabetic groupveldosignificant increase in TC level compared
to control. However, there was significant decraasgC level in all treated groups compared to
diabetic group. The similar trend was observed@[F (4, 20) = 1.98, P<0.05], LDL [F (4, 20)

= 4.16, P<0.05], HDL [F (4, 20) = 27.51, P<0.0%tal Hb [F (4, 20) = 3.19, P<0.05], SGOT [F
(4, 20) = 22.18, P<0.05], SGPT [F (4, 20) = 441880.05] and ALP [F (4, 20) = 73.82, P<0.05].

The effect of 5SEPHF on HbAlc level is shown in Eabl Statistical analysis by One-way
ANOVA revealed that there was significant differenemong the groups [F (4, 20) = 17.38,
P<0.05]. Post-hoc test revealed that diabetic, TBEPHF (50, 100 and 200 mg/kg) groups
showed significant increase in HbAlc level compaedontrol. Further, 5SEPHF (200 mg/kg)
showed significant decrease in HbAlc level compace®M, TBM and 5EPHF (50 and 100
mg/kg) groups.

Table-6 showed the effect of SEPHF on urea lev@atistical analysis by One-way ANOVA
revealed that there was significant difference agntire groups [F (4, 20) = 10.73, P<0.05].
Post-hoc test revealed that only diabetic groupwsldo significant increase in urea level
compared to control. The similar trend was obseimmédcireatinine [F (4, 20) = 12.46, P<0.05].

2.5.  Effect on plasma antioxidant profile:

The effect of SEPHF on LPO is illustrated in FigA3. Statistical analysis by One-way ANOVA
revealed that there was significant difference agnitve groups [F (4, 20) = 9.03, P<0.05]. Post-
hoc test revealed that diabetic, SEPHF (50 andi@Mg) groups showed significant increase in
LPO level compared to control. Further, TBM, 5SEPEB, 100 and 200 mg/kg) groups showed
significant decrease in LPO level compared to Deugt Furthermore, the SEPHF (200 mg/kg)
group showed significant decrease in LPO level caexgbto SEPHF (50 and 100 mg/kg) groups.
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Fig-3. Effect of SEPHF (50, 100 and 200 mg/kg) onRO (A), SOD (B) and CAT (C) levels. All values are
Mean+SEM. #P<0.05 compared to CON,"P<0.05 compared to DM,*P<0.05 compared to TBM,“P<0.05
compared to 5EPHF (50 mg/kg) andP<0.05 compared to 5SEPHF (100 mg/kg) (One-way ANOV#bllowed by
Student Newmann keuls test).
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Fig-3 (B) showed the effect of 5SEPHF on SOD le&thtistical analysis by One-way ANOVA

revealed that there was significant difference agntire groups [F (4, 20) = 21.26, P<0.05].
Post-hoc test revealed that diabetic, TBM (250 mg/BEPHF (50, 100 and 200 mg/kg) groups
showed significant increase in SOD level compareadntrol. Further, there was significant
decrease in SOD level in TBM (250 mg/kg) and 5EPEE, 100 and 200 mg/kg) groups
compared to diabetic group.

The effect of SEPHF on CAT is illustrated in Fig&). Statistical analysis by One-way ANOVA

revealed that there was significant difference agntire groups [F (4, 20) = 16.89, P<0.05].
Post-hoc test revealed that diabetic, SEPHF (50,at@ 200 mg/kg) groups showed significant
decrease in CAT level compared to control. Furti@®M, SEPHF (50, 100 and 200 mg/kg)
groups showed significant increase in CAT level pamred to DM group. Furthermore, the
5EPHF (200 mg/kg) group showed significant increms€AT level compared to TBM (250

mg/kg) and 5EPHF (50 and 100 mg/kg) groups.

2.6. Histopathological study
Photomicrograph (Fig. 4 A-F) depicts the isletdamfgerhans of pancreas belonging to different
group of rats.

Fig. 4: Histopathological photomicrographs of panceatic islets of Langerhans (magnification x 200) ained
with hematoxylin-eosin(A & B) Normal untreated group showing well develogd & granulated g-cells; (C &
D) Diabetic group showing shrunken & atrophic changd B-cells and (E & F) Test group showing
regenerated g-cells resembling normal cells when treated with tbutamide (250 mg/ kg b.w.) and 5EPHF
formulation (200 mg/ kg b.w.) respectively.
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Fig. 4(A and B) shows histology of normal contrebgp having normal and healthy cellular

populations in islets of langerhans evenly disteluthroughout the cytoplasm whereas, Fig. 4(C
and D) shown severe atrophy (degeneration) withuged size islet cells and irregular

appearance in case of alloxan-monohydrate treatdzbtit rats. However, tolbutamide treated
diabetic rats in Fig. 4(E) shown moderate size egjwen and restoration of normal islet cells

with hyperplasia conditions. Treatment of animalugs with 5EPHF at dose 50 mg/ kg shows
more restoration and enlarged islet cells were @atpge to normal cells as shown in Fig. 4(F)
respectively.

DISCUSSION

In the present study, the continuous post-treatrftertl days with the 5SEPHF showed potential
hypoglycemic activity in normoglycemic rats and idistbetic activity in alloxan-induced rat
model in terms of significant hypolipidemic andiaridant activity.

The physical characteristics and organoleptic etadn of the drug are important parameters for
determining adulteration with other related spe@edor authentication, purity and efficacy
when compared with standard values. The total atlewvas found higher due to presence of
high content of carbonates, phosphates, silicatels sdlica which is useful for determining
authenticity and purity of drug formulation. Thessevalue of moisture content could prevent
from growth of bacteria, fungus, yeast and othecromrganisms, and hence may prolong
stability of prepared formulation. Various chemicahstituents present in plant material exhibit
fluorescence which is an important pharmacogndstaeluation parameter. On applying
different reagents, the substance if they werefluotescent may be converted into fluorescent
derivatives. Preliminary phytochemical screeningesded the presence of alkaloids, saponins,
triterpenes, tannins, flavonoids, carbohydratessteibls.

It has been suggested that diabetes is dividedwudaategories out of which one is genetically
based and other as a result of dietary indiscrg88h In the present experiment we have found
that SEPHF significantly reduced the blood sugeelléen hyperglycemic rats in dose-dependent
manner. However, all the doses of 5SEPHF showedasimsiignificant lowering of blood glucose
level in normoglycemic rats. In the present study lave found that the final body weight
decreased and, increased food and fluid intakexpermentally-induced diabetic animals.
Further, there was significant decrease in totgl plssma insulin and albumin levels, however,
there was significant increase in HbAlc, urea aedtmine levels. The above findings are found
to be similar with the previous published resukt$atel et al., 200934]. It has been reported
that protein glycation during hyperglycemia moskads to production of HbAlc. Hence,
HbAlc level is used as the most reliable indicdtor assessment of retrospective glycemic
control in the management of diabet85][ The reduction of HbAlc levels in diabetic animals
indicated that there was less protein glycatiorssgmy resulting from the decrease in blood
glucose levels observed in these animals. In ctamgig with the above findings observed, the
5EPHF showed significant mitigation effect in theAdc levels.

It has been suggested that the levels of serumslipre usually elevated in diabetes mellitus,
representing a high risk factor for coronary helissease36]. This abnormal high level of serum
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lipids is mainly due to the uninhibited actiondipblytic hormones on the fat depots. It has been
observed earlier that the hypercholesterolemia amgpertriglyceridemia occurs in
streptozotocine-induced diabetic animals. Undemabiconditions, insulin activates the enzyme
lipoprotein lipase, which hydrolyses triglyceridgs/]. However, in diabetic state lipoprotein
lipase is not activated due to insulin deficieneguiting in hypertriglyceridemia. Since lipid
abnormalities accompanying with premature atheeossls, is the major cause of cardiovascular
diseases in diabetic patient therefore ideal treatrfor diabetes, in addition to glycemic control,
should have a favorable effect on lipid profile. Has been systematically reported that
cardiovascular diseases are listed as the caudeath in 65% people suffering from diabetes
[38].

Impaired insulin secretions due to lospetells in islet of langerhans were directly linkedh

the progression of diabetes mellitus (type Il) d&ss. The plausible mechanism of pancréatic
cells damage may be due to generation of free abdicitiated by alloxan-monohydrdi@9-41].
The regeneration and stabilization of total numtfeiunctional islet cell is important to recover
from the diabetic disease condition. Various animalels were studied showing regeneration
of B-cells in islet of langerhans while followed alloxaeatment 42, 32] Diabetes-induced
animals treated with plant dose extractsEpfcatechin[43], Vinca rosea[44], Ephedrine 45]
andGymnema sylvestid6] shown for regeneratdiicells in islet of langerhans reported earlier.
Also, the saffron extract4|/] were reported to exhibit significant antioxidarst well radical
scavenging activities in alloxan-induced diabedits confirmed the possibilities for protection of
pancreatic cells. Our histopathological findingstfee novel 5SEPHF were also in agreement with
Mandlik et al., 200848]. In our present study, the alloxan-induced ratswed atrophy of islet
cells of pancreas while TBM treated group showepkmneration of cells. However, the SEPHF
(200 mg/ kg) showed significant mitigation in regeation of islet cells of ruptured pancreas
similar to control group which may be due to pratec and potential healing effect or free
radical scavenging activities of the novel devetbphytomedicine.

CONCLUSION

The 5EPHF found to be potential antidiabetic foratioh in alloxan-induced diabetic model
through mitigating oxidative damage and modulatingoxidant enzymes. Further, isolation and
establishment of exact mechanism of action of $igecompound from 5EPHF is to be carried
out in the future. Moreover, a study has to beiedrout to establish the additive and/or
synergestic property.
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