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ABSTRACT

Aegel marmelos (L.) Corr., (Rutaceae; AG) is popul&nown as bael tree, widely distributed
throughout the Indian peninsula, Pakistan, ThailaB&ngladesh, Burma, and Sri Lanka. In the
present study we have carried out the hypoglycemiwity of the standardized to total phenolic
content of methanolic extract of AG (MAG) in expemtal diabetic model. Inbreed adult male
Charles-Foster (CF) albino rats were used in thgesiment for hypoglycemic activity in oral
glucose tolerance test (OGTT) and normoglycemis, ramd antidiabetic activity in alloxan induced
rats. The results showed that the preliminary pblyémical screening revealed that MAG showed
positive response to alkaloids, saponins and fpiéees, tannins, flavonoids, carbohydrates and
sterols. Further, the MAG showed total phenolicteah (198.8 mg/g). Moreover, the routine post-
treatment for 21 days with the MAG showed potentigboglycemic activity in OGTT and
normoglycemic rats and antidiabetic activity inadan induced rat model in terms of significant
hypolipidemic and antioxidant activity. In fututée isolation of specific compound from MAG and
establishment of proper mechanism of action shtwlzke carried out.

Keywords: Aegel marmelggdiabetes, hypoglycemic, dyslipidemia and oxidastress.

INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorderassociated with absolute or relative deficiency
in insulin secretion or insulin action with alteredrbohydrate, lipid and protein metabolism.
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Various complications such as neurological comghbees, coronary artery disorder, renal
failure, cerebro-vascular disease, limb amputatidimdness, long term damage, dysfunctions
and failure of various organs and eventually premeateath [1] occurs. It has been predicted
that Indian people are more genetically susceptibidgiabetes and will reach to maximum of 74
millions by 2025 [2]. After cancer and cardiovascutliseases diabetes is becoming the third
leading cause of death worldwide due high prevaefanorbidity and mortality. Management
for DM includes modification in lifestyle, balancetiet, exercise, and long term use of oral
hypoglycemic agents or insulin injection [3]. Rettgnthe marketed allopathic medicines have
significant toxic and adverse side effects compa@dlant based drugs [4]. It has been
suggested that about 800 medicinal plants possegtiabetic potential [5] and the bioactive
compounds such as glycosides, alkaloids, terpenoastenoids and floavonoids are effective
drugs both in preclinical and clinical studies [6,About 80% of population belonging to
developing countries using traditional medicineplaint origin and continue to be an important
for their primary health care needs. In the cordtran of above mentioned reports, World
Health Organization (WHO) has also recommendedtrimditionally used plant drugs for the
treatment of various diseases [8].

Aegel marmelogL.) Corr., (Rutaceae; AG) is popularly known a®lbaee, widely distributed
throughout the Indian peninsula, Pakistan, Thail@whgladesh, Burma, and Sri Lanka. It has
been reported that it is used as ancient folk hemnegicines in the Ayurveda, Unani and Siddha
systems for treatment of wide variety of ailmer@§ [t has been reported from the preclinical
studies that the leaves of AG possess several tmdtpharmacological activities such as anti-
inflammatory, antipyretic [10], analgesic [11], lapprotective [12] and antifungal [13].
Traditionally, it is used in treatment of cancerarthoea, dysentery, asthmatic complications
[14], hypoglycemic and antioxidant activity [15-18The fruit (unripe) is used for diarrhea,
dysentery, ulcers [19], hypoglycemic [16,20,21]eTesh flowers are useful in allay thirst and
vomiting, dysentery whereas seeds were reportepgosses antimicrobial, anthelmintic [22],
hypoglycemic activities [23]. Stem and root bark aised to treat ulcers [24], dyspepsia, and
stomachalgia [19]. Phytochemical studies on varipags revealed that the plant consists of
numerous biologically active compounds such aselaggitronellal, cineole, citral, marmelosin,
aurapten, cuminaldehyde (4-isopropylbenzaldehysle)enol, lupeol, skimmianine, marmesinin,
luvangetin, fagarine, marmelide, tanin, marmin padralen [9,14].

Therefore, in the present study we have carriedrmihypoglycemic activity of the standardized
methanolic extract of AG (MAG) in experimental dédic model.

MATERIALS AND METHODS

1.1. Chemicals and reagents

AG root barkswvereharvested from dense forest of Achanakmar foothitiated at Chhattisgarh
State (India) which was further identified and aunticated by Dr N Shiddamallayya of Regional
Research Institute (Ay.), Bangalore (India), wheéaeicher Specimen (N&RRCBI/Mus/3 of the
plant was deposited. Glibenclamide (GL) was sugplias gift sample by Hoechst
Pharmaceuticals, Mumbai, India. Alloxan monohydratas procured from Sigma-Aldrich
Chemical Co., St. Louis, MO, USA. Folin-Ciocaltegaagents were from Sigma-Aldrich Inc.
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(St. Louis, MO, USA); One Touch Glucometer (AcciekhSensor) and Diagnostic-kits were
purchased from Roche Diagnostics GmbH, Mannheimim@ey. All other reagents and
chemicals used were of analytical/ pharmacopoieadgypurchased from E. Merck India Ltd and
Ranbaxy respectively.

1.2. Plant material and extraction

Samples were collected manually, washed thorougidler running tap water and shade dried at
room temperature (25-30°C) for 15 days. The dreedd barks were subjected to pulverized using
hammer mill to a coarse powder and thereafter segee¢hrough 40 # mesh sieve. Powdered
mass (500 g) was soxhlet extracted at 45-65°C wmiaytical grade methanol solvent (2.0 L, 72
h). Resulting extracts was concentrated into visceemisolid mass (dark greenish to brown
colored) in rotary evaporator at%40 under reduced pressure and dried using hovair #5C)
and then stored in airtight containers in refrig@rdoetween 4-8°C till subsequent uses [yield:
12.4%]. Further, there was prepared a fresh sugperd 0.3% v/v carboxymethylcellulose
(CMC) in distilled water. Thereafter, the methamas mixed with 0.3% CMC separately to
form methanol suspension (MAG) before administratmrats.

1.3.  Preliminary phytochemical screening and standardiation to total phenolic content
Methanolic extract was subjected to identificattests for alkaloids, saponins and triterpenes,
tannins, flavonoids, carbohydrates and sterols. [2Skaying method of Velioglu et al., 1998
[26] was followed for estimation of total phenolicentent in methanolic extract using Folin-
ciocalteu reagent with slight modification. AboudQLpl of plant extract (1 mg M were
prepared in a 100 ml Volumetric flask and added @nf of Folin-Ciocalteu reagent (previously
diluted in 1:10 ratio with deionised water) wasrthahly mixed and allowed to incubate for 5-8
min at room temperature (25+1°C) condition. TheeFaf0.75 ml of NgCO; solution (60 g/L)
was added to mixture and allowed it to stand atrdemperature (25+1°C) for 2 h intervals.
Absorbance was measured against blank using Dd&ddes UV-Vis Spectrophotometer
(Simadzu-1800) atmax 725 nm respectively. Gallic achs used as a standard to construct
calibration curve (0.02-0.1 mg M)l and readings taken in triplicate get accurate results. The
total phenolic content was expressed as milligrams of gailicemuivalent/ g extract.

1.4. Animals

Charles foster (CF) male albino strain rats weighing (160, aged 8-14 weeks older were
obtained from School of Pharmacy, Chouksey Engingetiallege, Bilaspur and were used in
the study. Rats were housed in groups of six in polypeoe cages, acclimatized for a period of
7 days before experimentation was kept under staratanditions of 10:14 hr light: dark cycle,
relative humidity 50-60% RH, temperature 223were fed with rat pellet diet (Gold Moher,
Lipton India Ltd) and waterd libitum All the experimental protocol was approved by the
institute animal ethics committee (Regd. No.1169/ac/08/CPCSiAJollowing prescribed
guidelines of Committee for the Purpose of Control anceBugion of Experiments on Animals
Committee for the Purpose of Control and SupervisioBxperiments on Animals (CPCSEA),
Govt. of India.
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1.5. Oral toxicity studies

Organization for Economic Co-operation and Develept{OECD) guidelines (Guidelines 420;
Fixed Dose Procedure) was followed for acute ocadicity test to plant extract. Before
experimentation rats (n=6) were fasted overniglih wvater ad libitum and was oral
administered with fixed extracts dose of 5, 50, @@ 2000 mg K§ body weight respectively
by gavage using intubation canula. Administerededass found tolerable as no death was
found. Therefore, three dose levels of 50, 10020@mg kg b.w were selected for antidiabetic
activity. Animals were observed individually afosing for first 30 min periodically and daily
thereafter, till 14 days for any toxicity sign ofogs changes in skin and fur, eyes and mucous
membranes, circulatory, respiratory, autonomic aedtral nervous systems, and behavior
pattern if any.

1.6. Induction of diabetes in rats

Induction of diabetes was performed by a singleedagcutaneous injection of freshly prepared
alloxan monohydrate (120 mg/kg, Sigma chemicalsA)t8ssolved in normal saline (0.9% wi/v
NacCl in distilled water) to overnight fasted mal€& @lbino rats [27]. Blood glucose level was
measured by using one-touch glucometer and diabetes confirmed after 72 hr of
alloxanisation. Rats showed fasting blood glucesels more than 250 mg/dl were considered to
be diabetic and were selected for experimentation.

1.7. Experimental Design

1.7.1. Study on Oral Glucose Tolerance Test (OGTT)

Initially, OGTT of plant extracts was carried out overnight fasted normal rats, which were
equally divided into five groups of six rats ea€luring testing normal control group received
only vehicle (1 ml of 0.3% CMC; p.o.) and standgrdup received 1 ml of reference drug GL
suspended in the vehicle (0.25 mg/kg, p.o.), wieegeaup from third to fifth were administered
with 1 ml of MAG (50, 100 and 200 mg/kg, p.o.) respvely. After 30 min of post extract
administration all the animals were fed with glue¢2 g/kg). Then blood samples were collected
from tail vein prior to dosing and then at 30, 80,and 120 min after glucose administration.
Estimation for FBG was carried out using glucosetage-peroxide reactive strips (Accu-chek,
Roche Diabnostics, GmbH, Germany).

1.7.2. Study on normoglycemic rats

Studies for normoglycemic were carried out in oigithfasted normal rats, which were equally
divided into five groups of six rats each. Normahtrol group received only vehicle (1 ml of
0.3% CMC; p.o.) and 1 ml of standard group receivefgérence drug GL suspended in the
vehicle (0.25 mg/kg, p.o.), while group from thtaififth were administered with 1 ml of MAG
(50, 100 and 200 mg/kg, p.o.) respectively. Bloathgles were collected from tail vein prior to
dosing (day 0) and then at regular intervals of dag4 and 21 respectively and subjected to
fasting blood glucose level.

1.7.3. Study on Alloxan-induced diabetic rats

Diabetes in normal rats was induced using siingi@peritoneal injection of alloxan monohydrate
(120 mg/kg b.w.; i.p.) in 0.9% w/v NaCl solution (m&l saline) and themllowed for free access
to food and waterThereafter72 h of injection, rats shown increaslegperglycemia (fasting
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blood glucose level >250 mg/dl) was selected foth&r experimental studies. Animals selected
were randomly divided into six groups (n=6) asdat: Group-l: Normal control rats (non-
alloxanized) that was administered with vehicler{fLof 2.5% v/v Tween-80 in distilled water;
p.o.) only; Group-ll: Diabetic control rats (Untted, alloxanized);Group-Illl: Diabetic rats
administered once witblibenclamide (0.25 mg Kgb.w.) as reference standard dru@rpup-
IV: Diabetic rats administered with MAG (50ng kg* b.w. day"); Group-V: Diabetic rats
administered with MAG (100ng kg b.w. day") and Group-VI:Diabetic rats administered
with MAG (200 mg kg* b.w. day") respectively. Treatment was continued for a perio@lof
days following oral administration to the experimental animhbis gastric intubation.
Quantitatively, plasma glucose was estimated by withdrabliogd samples from tail vein prior
to dosing (day 0) and then at regular intervals of day47and 21 respectively all groups of
animals. The body weight, food and fluid intake of abbups of animals were monitored on a
daily basis for 21 days at regular time. Fixed amo@im&tochow and fluid was given to each rat
and replenished the next day. At the end of 21th day, allrédts were euthanized by
pentobarbitone sodium (60 mg/kg) and sacrificed byicaindislocation. Blood sample was
withdrawn from abdominal aorta into fresh centrifugeetuland centrifuged at 2,500 rpm for 15
min to obtain serum and plasma. Serum samples weral sibr20C until utilized for further
biochemical estimations.

1.8. Biochemical estimations:

Serum total cholesterol (TC), triglycerides (TG)wI density lipoprotein (LDL), high density
lipoprotein (HDL), glutamate oxaloacetate transas@s (SGOT), glutamate pyruvate transaminases
(SGPT), alkaline phosphate (ALP), urea, creatininetein and albumin were estimated in an Hitachi
Auto analyzer using commercial kit (Ecoline, E-Merindia; Roche Diagnostics, GmbH, Germany)
using standard procedures as markers for lipidilg@roPlasma insulin was assayed by using
commercial enzyme-linked immuno sorbent assayBii§A, Boerhringer Mannheim, Germany).
The level of hemoglobin (Hb) and glycosylated helmioig (HbAc) were estimated using Drabkin
reagent.

1.9. Estimation of lipid peroxidase

The extent of lipid peroxidation was estimated by measutireg plasma malondialdehyde
(MDA) content using the method described by Uchiyama Mitthra, 1978[28] with minor
modification by Sunderman et al., 1985 [29] based orhiodarbituric acid reactive substances
(TBARS) test. Plasma samples were added (1/10, v/v) tooice1.15% KCI solution and mixed
with 0.1 ml of 8.1% sodium dodecyl sulfate (SDS), 0.75f20% acetic acid, and 0.75 ml of
0.8% TBA solution. Then mixture was made up to 2.Quith distilled water and heated at’@5
for 60 min. After cooling with tap water, 0.5 ml of distilledater and 2.5 ml ofn-
butanol/pyridine mixture (15:1, v/v) were added and thetune shaken vigorously. Thereafter,
mixture was centrifuged at 400@Xor 10 min and the absorbance of the supernatank-(pin
colored) was measured at 532 nm using UV/VIS Speocttopheter against the blank reagent.
Standardization of TBARS reaction was carried out byyamsof tetraethoxypropane standard
solutions, which yield MDA, mole for mole, under the dessdlibeaction conditions.
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1.10. Estimation of superoxide dismutase (SOD)

Superoxide dismutase (SOD) activity in plasma weterinined by the method of Ukeda et al.,
1997 [30].Briefly, into 2.6 ml of 50 mmol/L sodium citrate buffer (844) were added 0.1 ml
each of 30 mmol/l xanthine (dissolved in 1 mol/L NaOHpiol/l EDTA, 0.8 mmol/L XTT (3-
{1-[(phenyl amino)-carbonyl]-3,4-tetrazolium} -bis(4-metky-6-nitro)-benzene sulfonicacid
hydrate) dissolved in buffer at %D and 0.05 ml of sample solution containing SOD or wate
The reaction consists of the addition of 0.02 ml of xaetloxidase solution (500 mU/ml) with
the formation of a red formazan dye. The SOD activity masitored for 30 s at 470 nm (X5

by the degree of inhibition of this reaction.

1.11. Estimation of catalase (CAT)

Catalase (CAT) activities were assayed by following the atktbf Aebi, 1984 [31]. The
homogenate was prepared with 50 mmol/l phosphate bpker.0, with a drop of TritonX100
and centrifuged at 15,006or 15 min at 4C. To 3.0 ml of phosphate buffer, 0.05 ml of 90
mmol/l hydrogen peroxide solutions and 0.02 ml of extoaavater were added. The absorbance
was read at 240 nm for 30 s respectively.

1.12. Statistical Analysis

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

RESULTS

1.13. Effect of MAG (50, 100 and 200 mg/kg) on oral gluse tolerance test (OGTT) and
plasma glucose level in normoglycemic and diabetrats:
Table-1 illustrates the effect of MAG (50, 100 and 200Gkggon OGTT at different time points.
Statistical analysis by One-way ANOVA showed that there mezasignificant difference among
the groups at 0 min [F (4, 25) = 0.33, P>0.05]. Similastatistical analysis at 30 min showed
that there was significant difference among the groupd,[R25) = 3.77, P<0.05]. Post-hoc test
revealed that GL (0.25 mg/kg) and MAG (100 and 200kg)gshowed significant attenuation in
the plasma sugar level compared to control. Furtherststat analysis at 60 min showed that
there was significant difference among the groups [Fg}=2.52, P<0.05].

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

Groups 0 min 30 min 60 min 90 min 120 min
CON 87.5+3.62 134.9+3.16 125.2+1.65 117.1+2.29 34227
GL 83.7+1.51 102.8+3.54 97.7+4.71 81.7+1.79 62.3+3.17
MAG-50 82.7+1.75 112.743.49 101.7+£2.75 92.4+4.86 .681.75
MAG-100 84.5+1.71 110.6+2.65 100.7+3.35 86.3+4.72 84.6+2.60
MAG-200 84.3+1.53 115.4+3.35 105.1+2.58¢ 91.4+3.45°¢ 87.3+1.56¢

All values are MeantSEMP<0.05 compared to controlP<0.05 compared to GL (One-way ANOVA followed by
Student Newmann keuls test).
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Post-hoc by Student Newmann Keuls test revealed Ghaand MAG (100 and 200 mg/kg)

showed significant decrease in the plasma sugat mpared to control. Furthermore, MAG
(200 mg/kg) showed significant increase in the sugeel (P<0.05) compared to GL and this
trend was similar at 90 min [F (4, 25) = 16.81, ®8)and 120 min [F (4, 25) = 18.92, P<0.05].
Time dependant effect of MAG (50, 100 and 200 mptkythe level of plasma glucose level in
fasted normoglycemic rats is depicted in Table-@ti€ical analysis by One-way ANOVA

revealed that there was no significant differenc®img the groups at 0 day [F (4, 25) = 0.18,
P>0.05]. Similarly, statistical analysis at 7 ddyowed that there was significant difference
among the groups [F (4, 25) = 3.32, P<0.05]. Postiest revealed that GL and MAG (200
mg/kg) showed significant decrease in the plasngarsievel compared to control. Further,
MAG (200 mg/kg) showed significant reduction in ddbsugar levels compared to GL, MAG

(50 and 100 mg/kg). Furthermore, the similar tréke at 7 day was observed at 14 day [F (4,
25) = 11.93, P<0.05] and 21 day [F (4, 25) = 15B).05].

Table-2: Hypoglycemic effect of MAG (50, 100 and ZDmg/kg) in fasted normoglycemic rats

Groups Day O Day 7 Day 14 Day 21
CON 74.8+3.73 75.62.45 70.2+4.32 71.5+2.11
GL 71.7+1.35 53.8+3.78 39.6+3.67 54.4+1.12
MAG-50 74.6+3.75 63.4+3.21 63.2+5.81 62.1+1.45
MAG-100 72.5+1.71 61.1+2.46 62.4+2.96 57.9+1.32
MAG-200 71.242.11 49.7+5.869¢ 41.7+3.48°0 53.6+3.18°9

All values are MeantSEMP<0.05 compared to controlP<0.05 compared to diabete$<0.05 compared to GL,
9P<0.05 compared to MAG-50 afifi<0.05 compared to MAG-100 (One-way ANOVA followedtudent
Newmann keuls test).

Table-3 showed time dependant effect of MAG (5@ &Ad 200 mg/kg) on the level of plasma
glucose level in alloxan treated rats. Statistacalysis by One-way ANOVA revealed that there
was no significant difference among the groups@ay[F (5, 30) = 41.49, P>0.05].

Table 3: Hypoglycemic effect of MAG (50, 100 and ZDmg/kg) in Alloxan induced animals

Groups Day O Day 7 Day 14 Day 21
CON 77.1+2.13 75.7+1.81 72.1+3.32 70.1+10.11
DM 313.242.25 412.6+4.76 366.319.28 343.3+10.23
GL 316.3+1.15 233.2+8. 7% 185.6+11.58" 99.6+11.58"
MAG-50 319.3+1.12 367.1+11.25 282.7+13.28° 246.7+13.2%¢
MAG-100 329.7+5.41 253.5+12.20°¢ 243.5+12.51"°¢ 141.5+11.58°¢¢
MAG-200 306.5+5.21 223.7+10.24°" 226.6+10.77"9¢ 110.6+11.23"9¢

All values are MeantSEMP<0.05 compared to controlP<0.05 compared to diabete$<0.05 compared to GL,
9P<0.05 compared to MAG-50 afifi<0.05 compared to MAG-100 (One-way ANOVA followedtudent
Newmann keuls test).

Further, statistical analysis at 7 day showed thate was significant difference among the
groups [F (5, 30) = 21.04, P<0.05]. Post-hoc tegealed that DM, GL and MAG (50, 100 and
200 mg/kg) showed significant increase in the plasingar level compared to control. Further,
GL and MAG (100 and 200 mg/kg) groups showed sigaift decrease in the blood glucose
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level compared to DM. The MAG (50 and 100 mg/kgyups showed significant increase in
sugar level compared to GL. Further, MAG (100 a®® 2ng/kg) groups showed significant
difference compared to MAG (50 mg/kg). In additiodAG (200 mg/kg) group showed

significant decrease in blood sugar level compaedAG (100 mg/kg). Furthermore, the

similar trend like at 7 day was observed at 14 [ta4, 25) = 23.93, P<0.05] and 21 day [F (4,
25) = 74.82, P<0.05].

1.14. Effect of MAG (50, 100 and 200 mg/kg) on body wehg, food and fluid intake of
diabetic rats:
The effect of MAG (50, 100 and 200 mg/kg) on idind final body weight is illustrated in
figure-1(A). Statistical analysis by One-way ANOWavealed that there was no significant
difference among the groups during initial body giiestimation [F (5, 30) = 0.61, P>0.05].
Further, statistical analysis revealed that thees wignificant difference among the groups
during final body weight estimation [F (5, 30) =3, P<0.05]. Post-hoc test revealed that DM
and MAG (50, 100 and 200 mg/kg) showed significdatrease in body weight compared to
control. GL and MAG (100 and 200 mg/kg) groups sedwignificant increase in body weight
compared to DM. MAG (50 and 100 mg/kg) groups stabaignificant decrease in body weight
compared to GL. The body weight was significantigreased in MAG (200 mg/kg) compared to
MAG (50 and 100 mg/kg).

(A) [JCON DM EGL
E=AMAG S0 EZAMAG-100 ESNMAG-200

: 7| INEEON | |BE
B, l .. ':'t'" e Final |
E::: b B % % E;:!nn- . .
gas- + é § gznn- B /Z
Ean- / \ gmn- /

Fig-1. Effect of MAG (50, 100 and 200 mg/kg) on theody weight (A), food (B) and fluid (C) intake. Al
values are Mean+SEM.?P<0.05 compared to control "P<0.05 compared to DM P<0.05 compared to GL,
9P<0.05 compared to MAG-50 andP<0.05 compared to MAG-100 (One-way ANOVA followedy Student
Newmann keuls test).
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The effect of MAG (50, 100 and 200 mg/kg) on footbhke of diabetic rats are illustrated in

figure-1 (B). Statistical analysis by One-way ANOWvealed that there was significant

difference among the groups [F (5, 30) = 4.41, B5)0.Post-hoc test revealed that all the groups
except GL group showed significant increase in fodwdke compared to control. However, GL

showed significant reduce in food intake compaeBM group. Figure-1 (C) depicts the effect

of MAG (50, 100 and 200 mg/kg) on fluid intake adloetic animals. Statistical analysis by One-
way ANOVA revealed that there was significant diffiece among the groups [F (5, 30) = 71.40,
P<0.05]. Post-hoc test revealed that all the grahmsved significant increase in fluid intake

compared to control. However, all the treated gsodip not show any significant change in fluid

intake among themselves.

1.15. Effect of MAG (50, 100 and 200 mg/kg) on plasmapid profile:

The effect of MAG (50, 100 and 200 mg/kg) on TC,, T®L and HDL is depicted in figure-2.
Statistical analysis by One-way ANOVA revealed ttietre was significant difference among
the groups [F (5, 30) = 8.36, P<0.05]. Post-hot tegealed that DM and MAG (50 and 100
mg/kg) showed significant increase in TC level cangl to control. The TC levels were
decreased significantly in GL and MAG (200 mg/kgmpared to DM. The groups MAG (50
and 100 mg/kg) showed significant increased in @¢ls compared to GL. Further, MAG (200
mg/kg) showed significant decrease in TC levelsgamad to MAG (50 and 100 mg/kg).

[CJCON DM E3GL EE3MAG-S50 EZAMAG-100 ESIIMAG-200

abede

140+
:i; 120 i T ab,de
Euol & ovar WHHAl %
5 804 |_: Z g a \ ] b,d
¥ 6o C HEUN b FIAE _l
= \ = o \ - \
s 40 \ :l:l§§ HHUR b 1%
g \ HE R HEAR H 2 N
S 20- \ ::::§§ =:::‘§ 2HAAR
- \ HE VN HERN HEARN

TG LDL HDL

Fig-2. Effect of MAG (50, 100 and 200 mg/kg) on ptana TC (A), TG (B), LDL (C) and HDL (D) levels. All
values are Mean+SEM.?P<0.05 compared to control "P<0.05 compared to DM,°P<0.05 compared to GL,
9P<0.05 compared to MAG-50 andP<0.05 compared to MAG-100 (One-way ANOVA followedy Student
Newmann keuls test).

Furthermore, statistical analysis by One-way ANOVévealed that there was significant
difference among the groups [F (5, 30) = 10.36,.85J0 Post-hoc test revealed that the TG
levels were significantly elevated in all the greupompared to control. Further, MAG (200
mg/kg) showed significant decrease in TG levels garad to DM, GL, and MAG (50 and 100
mg/kg) groups.
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Similarly, statistical analysis by One-way ANOVAvealed that there was significant difference
among the groups [F (5, 30) = 11.20, P<0.05]. Posttest revealed that all the groups except
GL showed significant increase in LDL levels congahto control. Further, GL and MAG (200
mg/kg) showed significant decrease in LDL levelmpared to DM. MAG (200 mg/kg) showed
significant decrease in LDL levels compared to M@&B and 100 mg/kg) groups.

Statistical analysis by One-way ANOVA revealed ttiere was significant difference among
the groups [F (5, 30) = 16.38, P<0.05]. Post-hat tevealed that DM and MAG (50 mg/kg)
showed significant decrease in HDL levels, howsdliere was no change in HDL levels of GL
and MAG (50 and 100 mg/kg) compared to controltiken, GL and MAG (100 and 200 mg/kg)
showed significant increase in HDL levels compae®M. MAG (100 and 200 mg/kg) showed
significant increase in HDL levels compared to MA&B mg/kg).

1.16. Effect of MAG (50, 100 and 200 mg/kg) on liver fuation and plasma antioxidant
profile:

The effect of MAG (50, 100 and 200 mg/kg) on SGi®Tepicted in figure-3 (A). Statistical
analysis by One-way ANOVA revealed that there wgsiicant difference among the groups
[F (5, 30) = 17.77, P<0.05]. Post-hoc test revedlst all the groups showed significant
elevation in SGOT levels compared to control. G &AG (200 mg/kg) showed significant
decrease in SGOT levels compared to DM. MAG (50kignigshowed significant increase in
SGOT levels compared to GL. MAG (200 mg/kg) showaphificant decrease in SGOT levels
compared to MAG (50 mg/kg) group.

The effect of MAG (50, 100 and 200 mg/kg) on SGBTdepicted in figure-3 (B). Statistical
analysis by One-way ANOVA revealed that there wgsicant difference among the groups
[F (5, 30) = 19.81, P<0.05]. Post-hoc test revedbad all the groups showed significant increase
in SGPT levels compared to control. GL and MAG (E)@ 200 mg/kg) showed significant
decrease in SGPT levels compared to DM. MAG (50kagjgshowed significant increase in
SGPT levels compared to GL. MAG (200 mg/kg) showighificant decrease in SGOT levels
compared to MAG (50 mg/kg) group.

The effect of MAG (50, 100 and 200 mg/kg) on ALPdispicted in figure-3 (C). Statistical
analysis by One-way ANOVA revealed that there wgsiicant difference among the groups
[F (5, 30) = 82.16, P<0.05]. Post-hoc test revedlsat all the groups showed significant
elevation in ALP levels compared to control. GL aviéG (200 mg/kg) showed significant
decrease in ALP levels compared to DM. MAG (50 4668 mg/kg) showed significant increase
in SGOT levels compared to GL.

The effect on LPO of MAG (50, 100 and 200 mg/kg)epicted in figure-3 (D). Statistical
analysis by One-way ANOVA revealed that there wgsiicant difference among the groups
[F (5, 30) = 19.37, P<0.05]. Post-hoc test revedlsat all the groups showed significant
elevation in LPO levels compared to control. GL aidG (100 and 200 mg/kg) showed
significant decrease in LPO levels compared to DMAG (50 mg/kg) showed significant
increase in LPO levels compared to GL. MAG (100 26d mg/kg) showed significant decrease
in LPO levels compared to MAG (50 mg/kg) group.
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Fig-3. Effect of MAG (50, 100 and 200 mg/kg) on thievels of SGOT (A), SGPT (B), ALP (C), LPO (D), SO
(E) and CAT (F) intake. All values are Mean+SEM.2P<0.05 compared to control’P<0.05 compared to DM,
°P<0.05 compared to GL,%°P<0.05 compared to MAG-50 and®P<0.05 compared to MAG-100 (One-way
ANOVA followed by Student Newmann keuls test).

The effect of MAG (50, 100 and 200 mg/kg) on SODdepicted in figure-3 (E). Statistical
analysis by One-way ANOVA revealed that there wgsicant difference among the groups
[F (5, 30) = 23.15, P<0.05]. Post-hoc test revedlst all the groups showed significant
elevation in SGOT levels compared to control. Gd AG (50, 100 and 200 mg/kg) showed
significant decrease in SOD levels compared to DWAG (50 and 100 mg/kg) showed
significant increase in SOD levels compared to ®AG (200 mg/kg) showed significant
decrease in SOD levels compared to MAG (50 mg/kg).

The effect of MAG (50, 100 and 200 mg/kg) on CATdispicted in figure-3 (F). Statistical
analysis by One-way ANOVA revealed that there wgsiicant difference among the groups
[F (5, 30) = 22.11, P<0.05]. Post-hoc test revedlsat all the groups showed significant
reduction in CAT levels compared to control. GL addG (100 and 200 mg/kg) showed
significant increase in CAT levels compared to DMAG (50 mg/kg) showed significant
decrease in CAT levels compared to GL. MAG (100 &@® mg/kg) showed significant
decrease in CAT levels compared to MAG (50 mg/kg).
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1.17. Effect of MAG (50, 100 and 200 mg/kg) on Total HbiHbAl1c, plasma insulin, urea,
creatinine and albumin:

The effect of MAG (50, 100 and 200 mg/kg) on td#fl is depicted in figure-4 (A). Statistical

analysis by One-way ANOVA revealed that there wgsiicant difference among the groups

[F (5, 30) = 0.81, P<0.05]. Post-hoc test revedhad DM showed significant reduction and no

other groups did not show any change in total Wellecompared to control. The GL and MAG

(50, 100 and 200 mg/kg) groups showed significaatgase in total Hb levels compared to DM.

(A)

s _Ih_ 754 2

15.04 ©

12.54 S s0-

W 1 P

5.0 i

254

0.0 . e a. 0 CON DM GL
[B)12.5- 1 (E) 15 :

—3;1::: lﬁll_c abe abed "E."I'.u- - b
?EE: 5.0+ b ? § E 0.5-
£ :

TISEN DM OL  MAGS0 MAG100 MAG 200 TSN om 6L
€] T o W BT 2
—_ ab.e ¢ -4
;iﬁ abc é % -_-E._,a_ l
£ 5 % \ <y,

n N

[4]
CON DM GL MAGSD MAG-100 MAG-200 CON DM GL MAG-50 MAG-100 MAG-200

Fig-4. Effect of MAG (50, 100 and 200 mg/kg) on thkevels of Total Hb (A), HbAlc (B), Insulin (C), Uea (D),
Creatinine (E) and Albumin (F) intake. All values ae Mean+SEM. ®P<0.05 compared to control"P<0.05
compared to DM, °P<0.05 compared to GLP<0.05 compared to MAG-50 andP<0.05 compared to MAG-
100 (One-way ANOVA followed by Student Newmann kesltest).

The effect of MAG (50, 100 and 200 mg/kg) on HbA4alepicted in figure-4 (B). Statistical
analysis by One-way ANOVA revealed that there wgsiicant difference among the groups
[F (5, 30) = 17.19, P<0.05]. Post-hoc test revedhed DM, GL and MAG (50, 100 and 200
mg/kg) showed significant elevation in HbAlc levetsmpared to control. GL and MAG (50,
100 and 200 mg/kg) showed significant decreasehAld levels compared to DM. MAG (50
and 100 mg/kg) showed significant increase in Hbkelels compared to GL.

The effect of MAG (50, 100 and 200 mg/kg) on plasmsulin is depicted in figure-4 (C).
Statistical analysis by One-way ANOVA revealed ttiere was significant difference among
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the groups [F (5, 30) = 35.69, P<0.05]. Post-hat tevealed that DM, GL and MAG (50, 100
and 200 mg/kg) showed significant reduction in plagnsulin levels compared to control. GL
and MAG (50, 100 and 200 mg/kg) showed significamdrease in plasma insulin levels
compared to DM. MAG (50 and 100 mg/kg) showed digamnt decrease in insulin levels
compared to GL.

The effect of MAG (50, 100 and 200 mg/kg) on plasimaa levels is depicted in figure-4 (D).
Statistical analysis by One-way ANOVA revealed ttiere was significant difference among
the groups [F (5, 30) = 41.39, P<0.05]. Post-hat tevealed that DM and MAG (50 mg/kg)
showed significant increase in plasma urea levaefspared to control. The GL and MAG (50,
100 and 200 mg/kg) groups showed significant deeré@aplasma urea levels compared to DM.

The effect of MAG (50, 100 and 200 mg/kg) on plastreatinine is depicted in figure-4 (E).
Statistical analysis by One-way ANOVA revealed ttiere was significant difference among
the groups [F (5, 30) = 76.91, P<0.05]. Post-hat tevealed that DM showed significant
increase in plasma creatinine levels comparedmtralo GL and MAG (50, 100 and 200 mg/kg)
showed significant decrease in plasma creatinineldecompared to DM. MAG (50 mg/kg)
showed significant increase in creatinine levelmpared to GL. MAG (100 and 200 mg/kg)
showed significant decrease in creatinine levetspgared to MAG (50 mg/kg).

The effect of MAG (50, 100 and 200 mg/kg) on plasafiaumin is depicted in figure-4 (F).
Statistical analysis by One-way ANOVA revealed ttiegre was significant difference among
the groups [F (5, 30) = 15.09, P<0.05]. Post-hast tevealed that DM showed significant
decrease in plasma albumin levels compared to @o@t and MAG (50, 100 and 200 mg/kg)
showed significant increase in plasma albumin Ewv@mpared to DM. MAG (50 mg/kg)
showed significant decrease in albumin levels coethdo GL. MAG (100 and 200 mg/kg)
showed significant increase in albumin levels coragpdao MAG (50 mg/kg).

DISCUSSION

In the present study, the continuous post-treatrfeer2l days with the MAG showed potential
hypoglycemic activity in OGTT and normoglycemicsand antidiabetic activity in alloxan
induced rat model in terms of significant hypoligidic and antioxidant activity.

Preliminary phytochemical screening revealed thaiGvshowed positive response to alkaloids,
saponins and triterpenes, tannins, flavonoids, atgirates and sterols. Further, the MAG
showed total phenolic content (198.8 mg/g). Theeksed level of total hemoglobin in diabetic
control group indicates the significant increasedel of glycosylated hemoglobin (HbA1c).
HbAlc is used as most reliable marker and standiaghosis practices for estimating the degree
of protein glycation during diabetes mellitus [3bAlc is the product of non-enzymatic
condensation reaction between excess glucose prieste blood and free amino groups on the
globin component of hemoglobin [33]. Its concentrat is abnormally high in chronic
hyperglycemia which reflects long-term glycemictesaand also correlates with risk for
complications development such as retinopathy, roggatthy or neuropathy related to chronic
diabetes stage [34]. However on oral administraibMAG significantly decreased the HbAlc
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level possibly due to improved glycemic control im&aisms in experimental diabetic rats. The
above results are in agreement with the previotrgeceout studies [35].

Diabetes mellitus is often linked with hyperlipidai@ or dyslipidemaia due to abnormal lipid
metabolism which leads to profound alteration ie tomposition of lipid [36,37]. The diabetic
rats had significant increased TC, TG, LDL and rtiden of HDL level in comparison to normal
control group. Abnormal lipid composition is dueitapairment of insulin secretion at diabetic
state which resulted into uninhibited actions ofsstve lipolytic hormones on the peripheral fat
depots of which enhanced mobilization of free faityds occurred [38]. Lipid abnormalities are
associated with hypercholesterolemia and hypeytegidemia which contributes to major risk
factor for cardio vascular diseases [39,40]. Duringrmal condition insulin hydrolyses
triglycerides on activating the enzyme lipoproti@rase but failure promotes to liver conversion
of free fatty acids to phospholipids and cholestaand discharged into blood [41Dn
administration of experimental diabetic animalshwitfite MAG (200 mg/kgyepeatedlyfor 21
days had significantly P<0.05 reducedTC and TG level and raised HDL level near to
normal range which implies that plant may posasslin-like activity which would be helpful
to reduce théncidence of lipid born complications [42]. It hiasen reported that the significant
control of the serum lipids may definitely redute tincidence of morbidity and mortality of
diabetes [43].

Elevated level of sensitive qualitative biomarkeizymes viz. SGOT, SGPT and ALP was
recorded in circulation of diabetic rats when coregawith normal control rats reflecting
hepatocellular damage and/ or indicative of livetochondrial injury [44-46]. During diabetes
the insulin deficiency contributes to increaseduserevel of transaminase enzymes due to
increased availability of amino acids which leanl®€hhanced occurrence of gluconeogensis and
ketogenesis processes [47]. Treatment of experahgnbups with MAG significantly reversed
the elevated concentration of marker enzymes stiggabat the extract might hepatoprotective
properties and restoration of normal functionindiwér organ. SOD and CAT are parameters for
prediction of total antioxidant status which prasdprotection of membranes and biological
structures against oxidative damage by Reactiveg@xySpecies (ROS) [48]. SOD is a first
metallo-protein enzyme involved in conversion opauoxide anion radical (Q to hydrogen
peroxide (HO,;) while CAT in association with GPx normally dettykng H,O, and
decomposition into kO and Q[49]. Alloxan treated diabetic rats were observethwecreased
serum concentration of total antioxidant enzymediceting an imbalance between ROS
production and antioxidant scavenging systems [bBBjing organisms consisting of reduced
glutathione (GSH) as major non-protein thiol thetsaas co-substrate for GPx and important key
role in coordinating the body’s defense process#k [

MDA (CH; (CHO) ,) is commonly used as redox marker and in quaatiba of LPO end

products which determines the oxidant/ antioxidsaiance in body during diabetes [52]. Due to
impaired antioxidant defenses and excessive geoerat ROS the MDA leads to proteolysis by
attacking on lysine amino acids in protein molesu]83]. Earlier reports shown that wide
variety of plants possess tannins, saponosideajoadls, flavonoids, phenolic acids and poly
phenols etc. as natural antioxidant constituenty & responsible to ameliorate change in
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antioxidant enzymes and enhances free radical sgang activities and also possibly attributes
for treatment of related complications during diaise

The MAG found to be potential antidiabetic extracialloxan-induced diabetic model through
reducing oxidative damage and modulating antioidanzymes. Further, isolation and
establishment of exact mechanism of action of $igemmmpound from MAG is to be carried out
in the future.
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