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ABSTRACT

Aim of the study: Murraya koenigii (MK), an aron@perennial shrub known as ‘Curry patta’
in India. Literature review suggests that root loitplant is used as purgative, stimulant and for
general body aches apart from various medicinasusfdeaves of this plant. In this context, the
standardized methanol, aqueous and petroleum etkieacts of roots of MK to total phenolic
content is hypothesized for the evaluation of tygoglycemic activity. Material and Methods:
Inbreed adult male Charles-Foster (CF) albino ratsre used in the experiment. The suspension
of standardized methanol (ME), aqueous (AE) andofeim ether (PEE) to total phenolic
content were treated for hypoglycemic activity mlalucose tolerance test (OGTT) method,
normoglycemic and alloxan-induced diabetic ratssis: The ME (200 mg/kg and 400 mg/kg)
showed potential hypoglycemic activity in normogiyicc and diabetic rats, and further in
OGTT method. Furthermore, ME showed significant(P8) increase in final body weight,
total hemoglobin, insulin, albumin and high densipprotein levels, however, decrease in fluid
intake, glycosylated hemoglobin, urea, creatiniioggal cholesterol, triglyceride and low density
lipoprotein levels. Moreover, it mitigated the lifenction in terms of reducing serum glutamate
oxaloacetate transaminases, serum glutamate pyeuvahsaminases and alkaline phosphatase
activity. Additionally, it improved oxidative steesn terms of reducing lipid peroxidase and
superoxide dismutase, and elevating catalase &cti@onclusions: These findings suggest that
the ME found to be potential hypoglycemic compaoedE and PEE, and would be a promising
candidate for the treatment of diabetes.

Keywords: Murraya koenigij diabetes, hyperglycemia, dyslipidemia and oxicasitress.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder of nmldti etiology characterized by chronic
hyperglycemia with aberration in carbohydratat fand protein metabolism resulting from
defects in insulin secretion, insulin action orotlh It has been reported that the chronic
hyperglycemia of diabetes is associated with carapbns like renal failure, coronary artery
disorder, neurological complications, cerebro-vémcdisease, blindness, limb amputation, long
term dysfunctions and failure of various organs amentually premature death [1]. It has been
predicted by world health organization that Ind@eople are more genetically susceptible to
diabetes accounting about 30 to 33 millions andldvgo up to 40 millions by the end of 2010
which further will reach to maximum of 74 milliorsy 2025 [2]. Management of this disease
may include lifestyle modifications, diet, exerciteng — term use of oral hypoglycemic agents
or insulin therapy [3]. Recently, phytomedicinesngagreater importance compared to synthetic
antidiabetic drugs due to several adverse effdctiseosynthetic drugs. It has been assumed that
plant based drugs are considered to be less toxidrae from adverse effects in comparison to
modern allopathic medicines [4]. Ethnobotanicabiniation suggests that about 800 medicinal
plants possess hypoglycemic or antidiabetic paéfii] and the bioactive compounds such as
glycosides, alkaloids, terpenoids, carotenoids #malonoids are effective antidiabetic drugs
both in preclinical and clinical studies [6,7].

Murraya koenigii(L.) Spreng (family: Rutaceae; MK) is an aromatubpscent perennial shrub

or small tree commonly known as ‘Curry patta’ iim The plants originated in Tarai regions
of Uttar Pradesh, India and now widely found ingalts of India. It grows in every house yard
of Southern India and is also cultivated in Sri kanChina, Australia and the Pacific islands [8].
Literature review suggests that the plant is usethdian system of medicine to treat various
disorders [9-11]. It has been documented that $serdial oil of the leaves of MK is reported to
possess antimicrobial [12], antifungal [13] andtpa$al [14] anti-amoebiasis, antidiabetic and
anti-hepatitis [15-17] hepatoprotective [18], adtdtglinesterase inhibitory potential [19],

pancreatic lipase inhibitory potential [20], anti@sic [21], immunomodulatory [22] and

antioxidative [23] activity. The roots are slightinti-diarrhoeal activity [24] purgative, stimulant
and used for general body aches [25].

Therefore, in the present experiment we have egtdiodr research work to standardize to total
phenolic content, and to evaluate the antidiabmtiiential of methanolic (ME), aqueous (AE)

and petroleum ether (PEE) extracts of roots of MKiormal and alloxan induced diabetic rats.
Further, an attempt has been undertaken to estadligossible mechanism of action of root
extracts of MK,

MATERIALS AND METHODS

1.1. Chemicals and reagents

Alloxan monohydrate was obtained from Sigma-Aldrichemical Co., St. Louis, MO, USA.

Tolbutamide (TBM) was provided as gift sample byeklost Pharmaceuticals, Mumbai, India.
All other reagents and chemicals used were of &nalygrade procured from Hi-media Labs,
Mumbai, India.
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1.2. Plant material and extraction

The fresh root oMurraya koenigiiwas harvested from local horticulture garden da&iur
(Chattissgarh), India in the month of July-Augusd08. The plant was identified and
authenticated by an expert Dr N. Shiddamallayyaidtel Research Institute (Ay.), Bangalore,
India and specimen sample (Voucher Specimen No. BRRAIs/3) were deposited in their
herbarium. Plant material was carefully washed uégh water and left to dryness in dark at
room temperature and finally stored in well-closetiophane bags. The shade-dried and coarse
powdered root (2 kg) was subjected to defat wittigbeum-ether (bp 40-60°C) using Soxhlet
extraction apparatus (Quickfit, England). The defhtsample was air dried in order to remove
solvent residue. Extract was prepared by extradtiegdefatted powder with methanol solvent
(80% v/v) for period of 48 h, which was then cortcated to a semisolid mass under reduced
pressure (Buchi Rotavor R-200, Switzerland) forn@@ at 70°C (yield: 12.6% w/w). Another
batch was subjected to extract with water (yiell8% w/w) and petroleum ether (yield: 8.5%
w/w) solvents. Further, there was prepared a frestispension of 0.3% v/iv
carboxymethylcellulose (CMC) in distilled water. éreafter, the methanol, aqueous and
petroleum ether extracts were mixed with 0.3% C#&lGpension separately to form methanol
(ME), aqueous (AE) and petroleum ether (PEE) suspemespectively before administration to
rats.

1.3. Preliminary phytochemical screening and standardizaon to total phenolic content

Each plant extracts were subjected to identificatests for alkaloids, saponins and triterpenes,
tannins, flavonoids, carbohydrates and sterols [Récording to Velioglu et al., 1998 [27] total
phenolic content in each extract was estimated gus$tolin-ciocalteu reagent with minor
modification. Briefly, 100 pl of plant extract (1giml) were mixed with 0.75 ml of Folin-
Ciocalteu reagent (diluted 1:10 with distilled watand allowed to stand for 5min at room
temperature. Thereafter, 0.75 ml of & solution (60 g/l) was added to mixture and allowed

to stand at room temperature (25+£1°C) for 2 h waks. Absorbance was measured against blank
using Double-Beam UV-Vis Spectrophotometekragx 725 nm respectively. The total phenolic
content was expressed as milligrams of gallic aguivalent/ g extract.

1.4. Animals

Inbreed adult male Charles-Foster (CF) albino (85©-200 g), 2-3 months old, were obtained
from School of Pharmacy, Chouksey Engineering @ell&ilaspur (India) and were used in the
study. The animals were grouped and housed in &wolglic cages lined with husk under
standard condition (24 2°C temperature, 45-55% relative humidity and 1ight: 12 h dark
cycle) respectively. Animals were allowed to freded their standard pellet diet (Lipton India,
Ltd., Mumbai) and watead libitum Fasted animals were deprived with their food ¥6¢¥18 h
before experimentations but allowed to waget libitum All the experimental procedures
utilized were performed in accordance with the apal of the Institutional Animal Ethics
Committee (1169/ac/08/CPCSEA) under strict compkanf Committee for the Purpose of
Control and Supervision of Experiments on Anim&®CSEA) guidelines for the experimental
studies.

1.5. Oral toxicity studies
An acute oral toxicity study was performed accogdto “Organization for Environmental
Control Development” guidelines (OECD: Guideline204 Fixed Dose Method) for oral
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administration of methanolic, aqueous and petroletimer extracts (suspended in 5% tween 80
solution). Albino male rats (N=6, 150-200 g), ovght fasted for 18 h were used for the study.
Each extract in increasing dose of 5, 50, 300 aagimmum dose up to 2000 mg/kg was found
tolerable in the experimental animals. Median d&X# mg/kg (One-tenth of the maximum
lethal dose) and high dose: 400 mg/kg (Twice thlatome-tenth dose) were selected for
assessment of antidiabetic activity. Thereaftes, rtts were continuously observed for first 3 h
for any gross behavioral, neurological or autonotoigc effects and for any lethality after 24 to
72 h till 14 days.

1.6. Induction of diabetes in rats

Diabetes was induced by a single dose subcutanegetion of freshly prepared alloxan
monohydrate (120 mg/kg, Sigma chemicals, USA) diesbin normal saline (0.9% w/v NaCl in
distilled water) to overnight fasted male CF albmats [28]. Blood glucose level was measured
by using one-touch glucometer and diabetes wasrowed after 72 hr of alloxanisation. Rats
with fasting blood glucose level more than 250 rhg/dre considered to be diabetic and were
selected for studies.

1.7. Experimental Design

1.7.1. Study on Oral Glucose Tolerance Test (OGTT)

Initially, hypoglycemic activity of plant extractsas carried out in overnight fasted normal rats,
which were equally divided into eight groups of sats each. Normal control group received
only vehicle (1 ml of 0.3% CMC,; p.0.) and standgrdup received 1 ml of reference drug TBM
suspended in the vehicle (250 mg/kg, p.o.), whileug from third to eight were administered

with 1 ml of ME, AE and PEE (200 and 400 mg/kg,.prespectively. Following 30 min post

extract administration all the animals were fedhwglucose (2 g/kg). Blood samples were
collected from tail vein prior to dosing and then3®, 60, 90 and 120 min after glucose
administration. The fasting blood glucose level vaasilyzed using glucose-oxidase-peroxide
reactive strips (Accu-chek, Roche Diabnostics, GmBermany).

1.7.2. Study on normoglycemic rats

Normoglycemic studies were carried out in overnifgted normal rats, which were equally
divided into eight groups of six rats each. Normahtrol group received only vehicle (1 ml of
0.3% CMC; p.o.) and 1 ml of standard group receikefdrence drug TBM suspended in the
vehicle (250 mg/kg, p.o.), while group from thia ¢ight were administered with 1 ml of ME,
AE and PEE (200 and 400 mg/kg, p.o.) respectiigliyod samples were collected from tail vein
prior to dosing (day 0) and then at regular intervaf day 7, 14 and 21 respectively and
subjected to fasting blood glucose level.

1.7.3. Study on Alloxan-induced diabetic rats

In the experiment, diabetic rats were selected aftexan induction and were equally divided
into eight groups of six rats each. Diabetic cdngrmup received only vehicle (1 ml of 0.3%
CMC; p.o.) and standard diabetic group received dfmeference drug TBM suspended in the
vehicle (250 mg/kg, p.o.), while group from thia ¢ight were administered with 1 ml of ME,
AE and PEE (200 and 400 mg/kg, p.0.) respectivalyeca day regularly up to 2Hay. Blood
samples were collected from tail vein prior to dgs{day 0) and then at regular intervals of day
7, 14 and 21 respectively and subjected to fadtingd glucose level. The body weight, food
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and fluid intake of all groups of animals were mored on a daily basis for 21 days at regular
time. Fixed amount of rat chow and fluid was givereach rat and replenished the next day. For
experimental purposes, only the weights befordnreat and at the end of the study were used
for analysis. At the end of 21day, all the rats were euthanized by pentobarbitmdium (60
mg/kg) and sacrificed by cervical dislocation. Blosample was withdrawn from abdominal
aorta into fresh centrifuge tubes and centrifuge@,200 rpm for 15 min to obtain serum and
plasma. Serum samples were stored &tGamtil utilized for further biochemical estimat&n

1.8. Biochemical estimations

Plasma insulin was assayed by using commercial needinked immuno sorbent assay kit
(ELISA, Boerhringer Mannheim, Germany). Serum tathblesterol (TC), triglycerides (TG),
low density lipoprotein (LDL), high density lipopgen (HDL), serum glutamate oxaloacetate
transaminases (SGOT), serum glutamate pyruvateamainases (SGPT), alkaline phosphatase
(ALP), urea, creatinine, protein and albumin weséneated in a Hitachi Auto analyzer using
commercial kit (Ecoline, E-Merck, India; Roche Dmagtics, GmbH, Germany) following
standard procedures. The level of hemoglobin (Hfo) glycosylated hemoglobin (HbALwas
estimated using Drabkin reagent.

1.9. Estimation of lipid peroxidase

Plasma malondialdehyde (MDA) content was estimatsthg the method described by
Uchiyama and Mihara, 1978 [29] with minor modificet by Sunderman et al., 1985 [30] based
on the thiobarbituric acid reaction (TBAR) testagtha samples were added (1/10, v/v) to ice-
cold 1.15% KCI solution and mixed with 0.1 ml o8 sodium dodecyl sulfate (SDS), 0.75 ml
of 20% acetic acid, and 0.75 ml of 0.8% TBA solatidhe mixture was made up to 2.0 ml with
distilled water and heated at%@5for 60 min. After cooling with tap water, 0.5 il distilled
water and 2.5 ml ofi-butanol/pyridine mixture (15:1, v/v) were addedlahe mixture shaken
vigorously. The mixture was centrifuged at 40@@er 10 min and the absorbance of the organic
layer (upper layer) was measured at 532 nm. The RB@action was standardized by the
analysis of tetraethoxypropane standard solutimhgch yield MDA, mole for mole, under the
described reaction conditions.

1.10. Estimation of superoxide dismutase (SOD)

The SOD activity was estimated by the method deedrby Ukeda et al., 1997 [31]. Into 2.6 ml
of 50 mmol/L sodium citrate buffer (pH 9.4) weredad 0.1 ml each of 30 mmol/l xanthine
(dissolved in 1 mol/L NaOH), 3 mmol/l EDTA, 0.8 mifio XTT (3-{1-[(phenylamino)-
carbonyl]-3,4-tetrazoliufs bis(4-methoxy-6-nitro)-benzenesulfonic acid hydyjadissolved in
buffer at 56C and 0.05 ml of sample solution containing SODvater. The reaction consists of
the addition of 0.02 ml of xanthine oxidase solut(800 mU/ ml) with the formation of a red
formazan dye. The SOD activity was monitored fors3@t 470 nm (Z&) by the degree of
inhibition of this reaction.

1.11. Estimation of catalase (CAT)

Catalase activity was measured by the method of, A8B4 [32]. The homogenate was prepared
with 50 mmol/l phosphate buffer, pH 7.0, with a glrof TritonX100 and centrifuged at
15,0005y for 15 min at 4C. To 3.0 ml of phosphate buffer, 0.05 ml of 90 nifineydrogen
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peroxide solutions and 0.02 ml of extract or watere added. The absorbance was read at 240
nm for 30 s.

1.12. Statistical Analysis
The results are expressed as meantS.E.M. Thetistdtisignificance was determined by One-

Way Analysis of Variance (ANOVA) followed biost-hocStudent Newman Keuls teg?. <
0.05 was considered to be statistically significant

RESULTS

1.13. Effect on oral glucose tolerance test (OGTT) and psma glucose level in
normoglycemic and diabetic rats:

Table-1 illustrates the effect of root extractdMik on OGTT at different time points. Statistical
analysis by One-way ANOVA showed that there wasigaificant difference among the groups
at 0 min [F (7, 40) = 0.18, P>0.05]. Similarly,tsdical analysis at 30 min showed that there was
significant difference among the groups [F (7, 405.405, P<0.05]. Post-hoc test revealed that
TBM (250 mg/kg) and ME (200 and 400 mg/kg) showggphificant attenuation in the plasma
sugar level compared to control. Further, statstanalysis at 60 min showed that there was
significant difference among the groups [F (7, 4009.142, P<0.05]. Post-hoc by Student
Newmann Keuls test revealed that TBM (250 mg/kg) ME (200 and 400 mg/kg) showed
significant decrease in the plasma sugar level emetpto control. Furthermore, ME (200
mg/kg) showed significant increase in the sugaell¢k<0.05) compared to TBM (250 mg/kg)

and this trend was similar at 90 min [F (7, 40).62% P<0.05] and 120 min [F (7, 40) = 21.54,
P<0.05].

Table-1: Hypoglycemic effect in oral glucose tolenace test (OGTT)

Groups 0 min 30 min 60 min 90 min 120 min

Control 87.4+2.51 146.6+4.52 138.3+3.23 108.2+1.94 101.5+2.65

TBM(250 mg/kg) 83.5+1.75 120.2+3.35 102.9+2.3 81.6+1.78 68.6+3.18
ME(200 mg/kg) 85.3+1.54 125.4+345  115.1+2.66° 92.4+3.45°¢ 77.3£1.76¢
ME(400 mg/kg) 84.61£2.71 120.6+275 110.7+3.45 87.3+4.72 74.6+£2.10
AE(200 mg/kg) 85.1+4.62 131.2+2.46 120.3+5.25 98.2% 84.6+1.52
AE(400 mg/kg) 84.7+2.78 138.4+3.64 116.2+4.28 95.68 81.9+2.36
PEE(200 mg/kg) 86.3+1.72 136.6+2.64 125.1+3.78 AR 61 92.8+1.77
PEE(400 mg/kg) 86.5+4.31 135.245.36 123.7+1.78 21171 90.7+2.68

All values are Mean+SEMP<0.05 compared to contralP<0.05 compared to TBM (One-way ANOVA followed by
Student Newmann keuls test).

Time dependant effect on the level of plasma gledesel in fasted normoglycemic rats is
depicted in Table-2. Statistical analysis by Ong-wWeNOVA revealed that there was no
significant difference among the groups at 0 day(TF 40) = 0.0976, P>0.05]. Similarly,

statistical analysis at 7 day showed that there sigrgficant difference among the groups [F (7,
40) = 4.275, P<0.05]. Post-hoc test revealed tHa¥ 250 mg/kg) and ME (200 and 400
mg/kg) showed significant decrease in the plasngarsievel compared to control. However,
there was no significant difference between TBMO(25g/kg), ME (200 mg/kg) and ME (400
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mg/kg) groups. Further, the similar trend like ataf was observed at 14 day [F (7, 40) = 7.16,
P<0.05] and 21 day [F (7, 40) = 5.11, P<0.05].

Table-2 showed time dependant effect on the lef/gllasma glucose level in alloxan treated
rats. Statistical analysis by One-way ANOVA revealkat there was no significant difference
among the groups at 0 day [F (7, 40) = 2.14, P30.Bérther, statistical analysis at 7 day
showed that there was significant difference amitweggroups [F (7, 40) = 3.37, 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 diabeticrobrsimilarly, 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 diabeticrobnEurther, it has been observed that ME
(200 and 400 mg/kg) showed significant increassuigar level compared to TBM (250 mg/kg).
Furthermore, the similar trend was observed até31[H (7, 40) = 28.81, P<0.05] like at 14 day,
however, there was significant decrease in sugat la ME (400 mg/kg) compared to ME (200

mg/kg).

Table 2: Time dependant e ffect on the level of plasma glucose in fasted normoglycemic and Alloxan treated animals.

Fasted normoglycemic Alloxan induced
Groups Day 0 Day7 Day 14 Day21 Day 0 Day7 Day 14 Day21

Control'Diabetic 7362273 7832364 7372332 712+2352 3381264 3026416  381.3=1043 365.3£10.23
TEBM (230 mgikg) 73.1£432 39.35£135% 51.8+1.74° 5284152 3168145 26324887  1916213.52% 9361456
ME (200 mgep)  73.8+173 631271* 385£262* 39.3+232* 3157+333 263.3x1263° 2435+1272% 163 3+11.52%
ME (400 mgdep)  732+231 607279 5294433 514+345 32354540 2537+1052° 23661173 121 61153
AE 200 mgkeg) 737345 7042378 672+128  65.7=136 3203178 288.1+215  2757+1328 273.716.23
AE (400 mgkg) 7342162 60.7+178 635371 6484251 32762234 28032078 2662+1236  2662+13.26
PEE (200 mgMkg) 74733535 TLI=213 69353265 680237 3260342 206720  266.1=1213 23611619
PEE (400 mgke) 7462345 7032427 6882320 4677380 3374=456 2016=773 2382+1178 2482+1373
All values are Mean=SEM P<0.05 compared to control, "P<0.05 compared to Diabetic, P<00.05 compared to TBM and “P<0.03
compared to ME-200 mg/lg (One-way ANOVA followed by Student Newmann keuls test).

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

The effect of methanolic, aqueous and petroleuraretiktract of root of MK on initial and final
body weight is illustrated in Table-3. Statisticalalysis by One-way ANOVA revealed that
there was no significant difference among the gsadyring initial body weight estimation [F (8,
45) = 0.405, P>0.05]. Further, statistical analysigealed that there was significant difference
among the groups during final body weight estimafié (8, 45) = 0.98, P<0.05]. Post-hoc test
revealed that Diabetic, AE (200 and 400 mg/kg) &tE (200 and 400 mg/kg) showed
significant decrease, and ME (400 mg/kg) showedifognt increase, however, TBM (250
mg/kg) and ME (200 mg/kg) showed no change in bedight compared to control.
Furthermore, there was significant increase in bedight in TBM (250 mg/kg) and ME (200
and 400 mg/kg) compared to diabetic group.

The effect of different extracts of root of MK oadd intake is illustrated in Table-3. Statistical
analysis by One-way ANOVA revealed that there wgsiicant difference among the groups
[F (8, 45) = 3.94, P<0.05]. Post-hoc test revedtted all the groups showed significant increase
in food intake compared to control. However, TBNb@2mg/kg) showed significant reduce in
food intake compared to diabetic group. Table-@stilates the effect of MK on fluid intake.
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Statistical analysis by One-way ANOVA revealed ttietre was significant difference among
the groups [F (8, 45) = 121.40, P<0.05]. Post-rest tevealed that all the groups showed
significant increase in food intake compared totcdnHowever, all the treated groups showed
significant decrease in fluid intake compared tabétic group. Moreover, ME (200 and 400
mg/kg) showed no significant difference in fluidake compared to TBM (250 mg/kg).

Table 3: Effects of ME, AE and PEE on Body weightfood and fluid intake

Groups Body weight (in gm) Food intake Fluid intake (ml/day)
Initial Final (g/day)

Control 175%7.65 188+8.35 51.4%4.48 198.2+3.76
Diabetic 176+8.35 135+8.42 75.945.61 345.6+2.61
TBM(250 mg/kg) 184+9.35 196+7.45 63.3+3.91° 293.4+2.17°
ME (200 mg/kg) 187+7.34 209+5.81 76.8+4.29 292.3+1.78"
ME (400 mg/kg) 186+7.28 215+8.31 75.245.38 289.3+4.64°
AE (200 mg/kg) 18046.12 147+8.85 78.5+5.9% 315.2+2.48"¢
AE (400 mg/kg) 182+9.83 150+16.5 78.3+3.68 310.6+2.51"¢
PEE (200 mg/kg) 173+10.61 156935 76.1+4.38 320.35.11"¢
PEE (400 mg/kg) 174+8.34 167+7%5 79.4+4.28 318.946.22"¢

All values are MeantSEMP<0.05 compared to contrdlP<0.05 compared to Diabetic arf<0.05 compared to
TBM (One-way ANOVA followed by Student Newmanrs ltest)

1.15. Effect on Total Hb, Glycosylated Hb, plasma insulinurea, creatinine and albumin:

The effect of methanolic, aqueous and petroleureregixtract of root of MK on total Hb is
illustrated in Table-4. Statistical analysis by @may ANOVA revealed that there was
significant difference among the groups [F (8, 452.71, P<0.05]. Post-hoc test revealed that
diabetic, AE (200, 400 mg/kg) and PEE (200, 400kggshowed significant decrease in total
Hb level, however, there was no change in totald#bl in TBM (250 mg/kg) and ME (200, 400
mg/kg) group compared to control. Further, there wignificant increase in total Hb level in
TBM (250 mg/kg) and ME (200, 400 mg/kg) groups canggl to diabetic group. The similar
trend was observed in Glycosylated Hb [F (8, 45.88, P<0.05], plasma insulin [F (8, 45) =
4.98, P<0.05], Creatinine [F (8, 45) = 32.83, P§pdhd albumin [F (8, 45) = 3.59, P<0.05].

Table-4 showed the effect of methanolic, aqueouspetroleum ether extract of root of MK on
urea level. Statistical analysis by One-way ANOVAvealed that there was significant
difference among the groups [F (8, 45) = 12.79,.85)0 Post-hoc test revealed that diabetic,
TBM (250 mg/kg), ME (200, 400 mg/kg), AE (200, 46ty/kg) and PEE (200, 400 mg/kg)
groups showed significant increase in urea levehmared to control. However, there was
significant decrease in urea level in TBM (250 ngg/land ME (200, 400 mg/kg) groups
compared to diabetic group.
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Table 4: Effects of ME, AE and FEE on Total Hb, Glycosylated Hb, plasma insulin, urea, creatinine and albumin

Groups Total Hb Ghycosdated Hb Plazma Urea (mg/dl) Creatinine Albumin
(mg/dl) (HbAlc) Insulin{plliml) (mg/dl) (g/dl)
Contrel 13.7+1.46 34075 16.45£1.6 28.5+3.11 0.82+0.07 4254025
Diabetic 12=1.64% 11.7=1.64% 351055 66.3£2.75" 1.42=0.04* 263025
TBM(250mg kg) 1401 25" 42+035" 15.3=2.75" 33.15=2.8% 0.71+0.02" 4.19+0.15"
ME(200 mg/ke) 13.3+1.70° 6.920.91" 13.2+125" 35.19+1 6 0.7820 04" 4.01=021"
ME(400 mg/ke) 15.5+1.700 5703550 14.9+1.76° 3228300 0.72+0.01° 4380150
AE200me kg) 13.2+1.75% §.0+1.24* 10.6+1.38° 423511 0.90=0.03" 3.77+0.58
AE(400 me/kg) 13.8+1.65* 3.6=0.85* 11.4+1.83* 41.60=2.8* 0.830.05* 3.81+0.43
PEE(200mg ke) 11.8+1.81* 058275 1L 47 6=3.54° 1.15+0.05* 325+0.17
PEE (400 mgkg) 12.3+1.68% 0.1+1.65* 8.7+1.91* 4322413 0.95=0.01* 3.36=0.20

All values are Mean=SEM P<0.03 compared to control and "P-<0.05 compared to Diabetic group (One-way ANOV A followed by
Student MNewmann keuls tesf)

1.16. Effect on plasma lipid profile:

The effect of methanolic, aqueous and petroleuraregktract of root of MK on TC is illustrated
in Table-5. Statistical analysis by One-way ANOVAvealed that there was significant
difference among the groups [F (8, 45) = 7.66, B5]0.Post-hoc test revealed that the result was
similar to that of urea level. Further, statistiaaklysis by One-way ANOVA [F (8, 45) = 13.20,
P<0.05] followed by post-hoc test revealed thatrdsult observed in TG level was similar to
that of total Hb level. Furthermore, statisticabbysis by One-way ANOVA followed by post-
hoc test revealed that the result observed in bbth [F (8, 45) = 35.34, P<0.05] and HDL [F
(8, 45) = 27.26, P<0.05] level was similar to tb&tTG level, however, there was significant
increase in both LDL and HDL level in ME (200 mg)lapmpared to TBM (250 mg/kg).

Table 5: Effects of ME, AE and PEE on plasma lipigprofile

Groups (TC mg/dl) (TG mg/dl) LDL (mg/dl) HDL (mdj)
Control 65.7+1.35 82.4%3.06 52.7+2.48 35.245.35
Diabetic 98.4+2.1% 119.6+2.38 116.1+1.9 19.7+3.2
TBM(250mg/kg) 70.1+3.4%° 81.7+2.98 49.3+3.7 38.7+2.7

ME (200 mg/kg) 68.7+3.62 88.7+5.28 65.0+4.p° 34.7+2.9°¢
ME (400 mg/kg) 63.945.0% 86.2+4.59 61.545.0 37.145.0

AE (200mg/kg) 79.5+4.66 97.6x4.17 87.2+1.7 25.7+1.6

AE (400 mg/kg) 77.35.67 95.4+1.47 78.545.7 28.6+2.3
PEE (200mg/kg) 84.9+4.42 111.2+3.02 98.4+2.1 23.745.8
PEE (400 mg/kg) 83.1+3.76 109.345.28 94.145.F 24.5+4.9

All values are Mean+=SEMP<0.05 compared to contr8P<0.05 compared to Diabetic and
“P<0.05 compared to TBM (One-way ANOVA followed byi@ent Newmann keuls test)

1.17. Effect on liver function and plasma antioxidant prdile:

The effect of methanolic, aqueous and petroleunereéixtract of root of MK on SGOT is
illustrated in Table-6. Statistical analysis by @may ANOVA revealed that there was
significant difference among the groups [F (8, 45)1.95, P<0.05]. Post-hoc test revealed that
diabetic, TBM (250 mg/kg), ME (200, 400 mg/kg), AEOO, 400 mg/kg) and PEE (200, 400
mg/kg) groups showed significant increase in SG&ell compared to control. Further, there
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was significant decrease in SGOT level in TBM (26§/kg) and ME (200, 400 mg/kg) groups
compared to diabetic group. Furthermore, there sigiificant increase in SGOT level in ME
(400 mg/kg) compared to ME (200 mg/kg) group. Tinglar trend was observed in SGPT [F (8,
45) = 30.93, P<0.05] level.

The effect of methanolic, aqueous and petroleuneredxtract of root of MK on ALP is
illustrated in Table-6. Similarly, statistical apsis by One-way ANOVA revealed that there was
significant difference among the groups [F (8, 45)8.68, P<0.05]. Post-hoc test revealed that
diabetic, TBM (250 mg/kg), ME (200, 400 mg/kg), AEOO, 400 mg/kg) and PEE (200, 400
mg/kg) groups showed significant increase in ALRleompared to control. Further, there was
significant decrease in ALP level in TBM (250 mgykgnd ME (200, 400 mg/kg) groups
compared to diabetic group. Furthermore, theresigrgficant increase in ALP level in ME (200
mg/kg) compared to TBM (250 mg/kg) group.

Table 6: Effects of ME, AE and FEE on liver function and plasma anfioxidant profile

Groups SGOT SGPT ALP LPO S0D (Units, CAT (Units, Tofal protein
(mg/dl) (mg/dl) (L) (g/dl) mg protein) mg profein) (g/dl)

Control 36.7+2.14 43781 1352826 0.15+).01 02 244 10 333+31 1.03+0.33

Diabetic 105 4+3 6* 107 352 213747 0.3320002* 2103124 10834 421065

TEM230mgke)  65.4=427 50.6£5.35* 1517267 0.182001% 12352020  272+42° 6.61+0.52
ME(200 mg/kg) 66.943.24%* 6491377 170560 0202003  1456£102*" 201+62° 6.21+0.82
MEAOD mpkg) 7254551 678162 1623227 0174003 1314870  275+41° 6.43+0.76
AE (200mg ke) 08 2+6.34° 86.522.51* 180.7s5.1" 0.342003%  198.3:020™ 18.6£33" 3772035
AE (400 mg ke) 03.652.71% 837720 184.7=1.9* 0.32=0.02* 203.1=10.8% 124=3.6° 5.81+0.75
PEE (200mg/kg) 109 7£5 4% 03.32.76* 19824 6 033002 20732080 13.7x1.9* 326012
PEE(400 mg/kg) 105.7+3.9% 00.7+3.63* 190.3+5.7 0342002* 2041116 11.1+21* 3.38+026
All values are Mean=SEM P<0.05 compared to control, "P<0.05 compared to Diabetic, P<0.05 compared to TBM and “P<0.03
comparsd to ME-200 mg/kg (One-way ANOV A followed by S tudent Newmann keols test)

The effect of methanolic, aqueous and petroleuraregktract of root of MK on LPO and CAT is
illustrated in Table-6. Statistical analysis by @Gmey ANOVA followed by post-hoc test

revealed that the result observed in both LPO [H8 = 14.09, P<0.05] and CAT [F (8, 45) =
6.12, P<0.05] level was similar to that of total dlael.

Table-6 showed the effect of methanolic, aqueouspatroleum ether extract of root of MK on

SOD level. Statistical analysis by One-way ANOVAvealed that there was significant
difference among the groups [F (8, 45) = 21.26, .85 Post-hoc test revealed that diabetic,
TBM (250 mg/kg), ME (200, 400 mg/kg), AE (200, 46ty/kg) and PEE (200, 400 mg/kg)

groups showed significant increase in SOD level mamed to control. Further, there was
significant decrease in SOD level in TBM (250 mg/kand ME (200, 400 mg/kg) groups

compared to diabetic group. Furthermore, there sigsificant increase in SOD level in AE

(200, 400 mg/kg) and PEE (200, 400 mg/kg) groupspared to TBM (250 mg/kg) group.

Similarly, Table-6 showed the effect of methanadiqueous and petroleum ether extract of root
of MK on total protein level. Statistical analysig One-way ANOVA revealed that there was
significant difference among the groups [F (8, 452.14, P<0.05]. Post-hoc test revealed that
only diabetic group showed significant decreas®tal protein level compared to control.
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DISCUSSION

In the present study, we for the first time havgoréed that the routine post-treatment of ME for
21 days showed potential hypoglycemic activity ilGTXI and normoglycemic rats and
antihyperglycemic activity in alloxan-induced ratsmpared to AE and PEE.

Preliminary phytochemical screening revealed tHhtthee extracts of roots of MK showed
positive response to alkaloids, saponins and petees, tannins, flavonoids, carbohydrates and
sterols. Further, the ME showed highest total phercmntent (262.8 mg/g) compared to AE
(102.2 mg/g) and PEE (98.6 mg/g). It has been teddhat MK leaf extracts possesses several
carbazole alkaloids, viz. mahanimbine, koenimbin€-methylmurrayamine-A and
murrayazolinine [33], Copolin-glucoside and free glucose [34]. Further, it haserb
investigated that certain alkaloids are responsible antidiabetic activity in experimental
animals [35]. It has been suggested that diabetesf itwo categories out of which one is
genetically based and other as a result of dietatigcretion [36]. In the present experiment we
have found that only the ME significantly reduckd blood sugar level in hyperglycemic rats in
dose-dependent manner. However, all the doses oshized similar significant lowering of
blood glucose level in OGTT and normoglycemic ratserefore, the present study is indicating
that the ME would be a potential candidate to tkemih categories of diabetes which could be
due to presence of carbazole alkaloids.

In the present study we have found that the fimalybwveight decreased in spite of no change in
initial body weight and increased food and fluidake in diabetic animals. Further, there was
significant decrease in total Hb, plasma insulird adbumin levels, however there was
significant increase in HbAlc, urea and creatiriemesls. The above findings are found to be
similar with the previous published results [3T]h&s been reported that protein glycation during
hyperglycemia mostly leads to production of HbAl@nce, HbAlc level is used as the most
reliable indicator for assessment of retrospeajiyeemic control in the management of diabetes
[38]. The reduction of HbAlc levels in diabetic @uails indicated that there was less protein
glycation, possibly resulting from the decreasblood glucose levels observed in these animals.
In consistency with the findings observed in methianleaf extract of MK, the ME showed
significant mitigation effect in the HbA1c levels.

It has been suggested that the levels of serumslipre usually elevated in diabetes mellitus,
representing a high risk factor for coronary helisease [39]. This abnormal high level of serum
lipids is mainly due to the uninhibited actiondipblytic hormones on the fat depots. It has been
observed earlier that the hypercholesterolemia laygertriglyceridemia occurs in diabetic
animals. Under normal conditions, insulin activatte enzyme lipoprotein lipase, which
hydrolyses triglycerides [40]. However, in diabettate lipoprotein lipase is not activated due to
insulin deficiency resulting in hypertriglyceridesmi Since lipid abnormalities accompanying
with premature atherosclerosis, is the major cafismrdiovascular diseases in diabetic patient
therefore ideal treatment for diabetes, in additrglycemic control, should have a favorable
effect on lipid profile. It has been systematicaltported that cardiovascular diseases are listed
as the cause of death in 65% people suffering fi@ietes [41].
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The ME (200 mg/kg and 400 mg/kg) not only lowerbd TC, TG and LDL levels but also
enhanced the cardio protective lipid HDL in diabetéts, respectively. It has been evidenced that
an increase in HDL levels is associated with aekes® in coronary risk [42]. In the present study
the ME not only decreases the total cholesterolatag enhances the HDL levels significantly.
High levels of TC and more importantly LDL levelseanajor coronary risk factors [43]. In the
present study it has been found that the ME migjaihe elevated TC and LDL levels in diabetic
rats. Further, it has been suggested that TG itselfidependently related to coronary heart
disease [44] and in the present investigation tReldvered TG levels in diabetic animals.

Routine post-treatment of the ME for 21 days tddiac animals improved the liver function by
decreasing the serum SGOT, SGPT and ALP leveis.riported that the increase in levels of
SGOT and SGPT will increase the incidence of haad liver diseases. SGOT is an enzyme
found primarily in the cells of the liver, hearketetal muscles, kidneys, and pancreas and to a
lesser extent in red blood cells. Its serum comaéinnh is directly proportional to the amount of
cellular leakage or damage. It is released intareen larger quantities when any one of these
tissues is damaged. The increased levels of thesames are usually associated with heart
attacks or liver disease. The ME decreased the S@@dl, which is an indication of the
protective effect on liver and heart. It is knowratt SGPT, an enzyme found primarily in the
liver, the enhanced release of which into the bdét@@m is the result of liver aberration. It
therefore serves as a fairly specific indicatorlieér status and its elevated levels in serum
indicate liver damage. It has been reported thatiticreased levels of ALP indicates bone
disease, liver disease or bile tract blockage. Wte reduced the ALP levels, indicating its
protective effect on liver function.

It has been established that oxidative stress @agsntral role in the pathogenesis of diabetes
[45]. Oxidative stress is the result of excessree fradical production and lipid peroxidation due
to aberrant protection by the enzymatic and nonmatiz anti-oxidative defense system.
Oxidative stress is thought to be a direct concega®f increased production of reactive oxygen
species (ROS). Degradation of lipid peroxides ldadfie accumulation of toxic aldehydes, one
of the most toxic being malondialdehyde (MDA), as iadex of lipid peroxidation. In the
present study we measured MDA because this paranset®w considered to be one of the
indicative ofin vivo lipid peroxidation [46]. Further, it has been saatithat lipid peroxidation is
augmented in diabetes [47]. Oxidative stress, rggisfom an increase in ROS coupled with
impaired antioxidant protection, has been suggetiede an important etiological factor for
diabetes [48]. During stress LPO and SOD were Bogmtly increased and CAT level was
significantly decreased. The increase in SOD wastduncreased ROS generation. This led to
increased generation of,8, and its accumulation due to decreased CAT leve]. [#h the
present study it has been found that LPO and S@€&ldevere increased, and CAT levels were
decreased in diabetic rats compared to controlaatswas reversed by the ME significantly,
indicating improved in oxidative damage and antiaxit profile.

CONCLUSION

The ME found to be potential antidiabetic extraotpared to AE and PEE in alloxan-induced
diabetic animals. Further, isolation and establishirof exact mechanism of action of specific
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compound from ME is to be carried out in the futuvtoreover, a comparative study between
root and leaf extract has to be carried out to taairthe biodiversity.
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