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Abstract

The aqueous (250, 500 mg/kg) extract of aerial padf Mollugo pentaphylla Linn
(Molluginaceae) was evaluated for its hypoglycepatential in normoglycemic rats followed by
alloxan and glucose loaded hyperglycemic rats bglsi oral administration. The plant extract
was subjected to the determination of presenceafi@reint phytoconstituents by using standard
gualitative chemical methods. The preliminary axitiant potential of the extract was evaluated
by spectrophotometric method, according to the ri=dgliiocalteu procedure for estimation of
total phenolic content and calculated as galliccaequivalents (GAE), whereas total flavonoid
content was determined spectrophotometrically arpressed as quercetin equivalents. The
related parameters like hematological, biochemipabfiles including body weight variation
study were also carried out in 30-days treated dtabrats. The study report showed that the
plant extract significantly (p<0.01 to p<0.001) necks blood glucose level both in
normoglycemic and hyperglycemic rats induced byxalh and oral glucose loaded methods till
the end of 10h and 4h respectively during the auod experiment. The preliminary
phytochemical study report revealed that the tedtaet contain carbohydrate, glycosides,
saponin, tannins, alkaloids, flavonoids, terpenpisteroids; as phytoconstituents, whereas the
Total phenolic and Total flavonoid content of theract registered 75.16 pg of pyrocatechol
equivalent /500mg, 9.58 mg equivalent of queragtin/respectively. The hematological,
biochemical and loss of body weight study repod ir good agreement with the activity and
safety profile of the plant extract. The experimméngsults of the above studies indicate that the
agueous extract of the leaves of Mollugo pentaphylinn endowed with potential anti-
hyperglycemic activity presumably due to free rablgcavenging potential of the test extract.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder, charasd by altered metabolisms of carbohydrate,
lipid and lipoprotein, which not only lead to hygbrcaemia but also cause many complications,
such as hyperlipidemia, hypertension and athenassite The selection of scientific and
systematic approach for the biological evaluatiérplant products based on their use in the
traditional systems of medicine forms the basisaioideal approach in the development of new
drugs from plants. More than 1200 plants has bepaorted as hypoglycemic agents in various
scientific and popular literatures [1, 2], as pldnigs are generally considered to be less toxic
with lesser or rare side effects than those ofhstit ones [3].Mollugo pentaphyllaLinn.
commonly known as carpet weed (English), Pitta s@@daya) is a perennial herb found
throughout India, Ceylon, Malacca, China, Japaji,gt. Roots are creaper and adventitious,
leaves are trifoliate small oval shape; flowers atete, pentameric and bisexual. The urban
people used this plant medicinally in paste forrallgrand externally for treatment of skin
allergic condition, antimicrobials etc [4-6]. Highksteemed by Hindus as a bitter vegetable
which they eat occasionally on account of its stom@ aperient and antiseptic properties [7].
Ethnomedical Information oMollugo pentaphyllacites thefolkloric use of the plant as an
emmenagogue on female human adult in India [8]laddnesia [9]. Hot KO ext of dried entire
plant in India used for whooping cough and in casfestrophy in human [10] and Decoction of
dried entire plant used to treat hepatitis in Taial]. M. pentaphyllais a component in an
important folk medicine named "Peh-Hue-Juwa-Chi-Cao Taiwan, which is used as an
anticancer, antitoxic and diuretic agent [12]. [Bads a pot-herb; it is also used medically for
mouth infections. The original scientific studigs the plant reported to possessive antifungal
activity [13-14], antibacterial activity [15], spaicidal and spermiostatic effect [16], anti-
inflammatory and hepatoprotective activity [17] aadtioxidant activity [12]. The plant is
reported to contain Flavones such as Apigenin amdluldentin [18], Mollugogenol A, an
antifungal triterpenoid, Mollugogenol B, MollugogenD, Oleanolic acid and a steroid —
Sitosterol Beta [13, 16, 19-20]. The present stimiyus on the scientific validation of the
traditional use of plant leaves for control of ditds.

MATERIALS AND METHODS

Plant material

The entire plant was collected from Bhubnaneswes, dapital city of the state of Orissa and
authenticated by Dr. A. K. Pradhan, Taxonomist bé tDepartment of Botany, PPD
Mahavidyalaya, Tigiria,Cuttack Orissa. A vouchee@men has been preserved in the institution
herbarium of School of Pharmaceutical SciencesshaikO’ Anusandhan University for future
reference. After due authentication, the totaledgrarts were collected from mature plants at the
same place and cleaned thoroughly to remove adheraterials under running tap water. The
cleaned materials were subsequently dried undetlesh@he shade dried aerial parts were
powdered in an electrical grinder and passed usidge No. 40 to get coarse powder for further
study.

Preparation of extract
The powdered materials were defatted using petrolether as solvent. The defatted powdered
plant material (750 g) was refluxed with 2000 midddtilled water for 48h followed by filtration
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and the filtrate was concentrated under vacuumark drown sticky residue was obtained with
yield value 29.72% (w/w).

Animals

The healthy Wistar albino rats, weighing 150-200d\bweight of either sex were selected and
housed in acrylic cages in standard laboratory itimmd and were fed standard rodent diet with
waterad libitum The experiments on animals were conducted inrdeoce with the standard
experimental procedure and the animals were use@easthe experimental protocol duly
approved by the Institutional Ethical Committee tbé School of Pharmaceutical Sciences,
Siksha ‘O’ Anusandhan University, Bhubaneswar, $€aiswith registration No. IAEC
1171/C/08/CPCSEA.

Screening for antidiabetic activity

The Screening for antidiabetic activity was conddcas per the method described by Dash et al.
[21]. The test samples were suspended in 25% Tw®&6dn distilled water. Glibenclamide (2.5
mg/kg) was used as reference control during theystall the test samples were administered
through oral route.

Study on normal glycemic animals

The animals were fasted for 18 h, but were alloteeftee access of water during course of the
experiment. At the end of the fasting period, taksrzero time (0 h), blood was withdrawn (0.1
ml) from the tip of the tail of each rat under midher anaesthesia. Plasma was separated
following centrifugation the glucose was estimategd GOD/POD method using Glucose
estimation kit from M/s. Sigma Diagnostics (IndRyt. Ltd., Baroda, India. The normal rats
were then divided into four groups of six animadgle Group | served as solvent control and
received only vehicle (2 ml/kg) through oral rouBpup Il received glibenclamide (2.5 mg/kg)
and served as reference control. Groups Il andeBéived the test extract at a dose of 250 and
500 mg/kg, respectively, through oral route. Ak tlest samples at 250, 500 mg/kg dose levels
were administered in a similar manner. Blood gleclevels were examined after 1, 2, 4, 6, 8
and 10 h of administration of single dose of test eontrol samples.

Study on alloxan induced diabetic animals

The acclimatized animals were kept fasting for 24with water ad libitum and injected
intraperitoneally a dose of 150 mg/kg of alloxannmloydrate in normal saline. After 1 h, the
animals were provided feedd libitum The blood glucose level was checked before
alloxanisation and 24 h after alloxanisation asvabénimals were considered diabetic when the
blood glucose level was raised beyond 200 mg/106frhlood. This condition was observed at
the end of 72 h after alloxanisation. The animagsensegregated into four groups of six rats in
each. Group | served as solvent control and redeivey vehicle (2 ml/kg) through oral route.
Group Il received glibenclamide (2.5 mg/kg). Grolipsind 1V received the test extract at doses
of 250 and 500 mg/kg in a similar manner. Bloodcgke level of each rat was estimated at 1, 2,
4, 6, 8 and 10 h, respectively.
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Study on glucose loaded hyperglycaemic animals
The selected groups of animals were ingested witboge (1 g/kg) in distilled water. The test
and standard drug treatment were made as per the abanner and blood glucose level was
measured at 0, 0.5, 1, 2, and 4 h interval respayti

Qualitative phytochemical analysis
The presence of phytoconstituents in the test eixtnaas carried out by standard chemical
methods as prescribed in Trease and Evans [22].

Determination of total phenolic content

Total soluble phenolic in the aqueous extract da@am nigrum was determined with Folin-
Ciocalteu reagent using pyrocatechol as a stanf®8Qd Briefly, 0.1 ml of extract solution
(contain 1000 pg extract) in a volumetric flask widlated in distilled water (46ml). About 1 ml
of Folin Ciocalteu reagent was added and the comtethe flask was mixed thoroughly. After
30 min, 3 ml of sodium bicarbonate was added, hed the mixture was allowed to stand for 2h
with intermittent shaking. The absorbance was nreaisat 760 nm. The concentration of total
phenolic content in the extracts was determinedna&sogram of pyrocatechol equivalent by
using an equation that was obtained from standgrocptechol graph. The equation calculating
the pyrocatechol was: Absorbance = 0.001 x pyroctalgjig) — 0.003

Determination of total flavonoid content

Aluminium chloride colorimetric method was used ftavonoid content determination [24].
Each extract (0.5 ml of 1 : 10 g/ml) in methanobwaixed with 1.5 ml of methanol, 0.1 ml 10 %
aluminium chloride, 0.1 ml of 1 M potassium acetate 2.8 ml of distilled water. It remained at
room temperature for 30 min; the absorbance ofd¢hetion mixture was measured at 415 nm.
The calibration curve was prepared by preparingapim solutions at concentrations 12.5 to
100 pg/ml in methanol.

Acute toxicity studies

The method Seth et al. [25] was followed. Eightug® of ten mice each, of mixed sex fasted
overnight were kept under laboratory conditions alhowed free access to water. The agueous
extract at concentration of 100, 500, 1000, 206002 3000, 4000 and 5000 mg/kg dissolved in
distilled water were administered orally via a gastatheter. After administration of test
sample, the animals were observed carefully fat #irh for any behavioural changes. After 48
hours, the extract was found to be slightly toxi¢hie group treated with 5000 mg/kg registering
the death (20%) of only two animals.

Sub acute toxicity studies

The sub acute toxicity study on alloxanised diabedis was conducted for 30-days under the
treatment of test extract, standard drug and sobluera similar manner as per the above
experiments. The parameters considered for theystud body weight variation test by
measuring weight of the animals by standard wemhimethod using balance and study of
hematological profile along with serum biochemichhnges by following standard laboratory
methods. The blood sample under study was colleate83" day by sacrificing the animals
under anesthetic condition and serum was sepaoatietly freezed centrifugation using a high
speed Remi centrifuge. The body weight of thenais was recorded on 0, 10, 20 and 30 days
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of the experiment. The haematological studies oheltiotal RBC count, total WBC count,
clotting time and differential count and % Hb [2&ther biochemical/serum profile studies
include ASAT, ALAT, ALP, TB, DB, albumin, total ptein, globulin were also performed by
using standard established procedures [27].

Statistical analysis

All the results were analysed statistically usimg-avay analysis of variance (ANOVA) followed
by Dunnet's t-test. Ap-value less than 0.05 is considered significant. tA® results are
expressed as Mean = S.E.M for six animals in eactpg

RESULTS AND DISCUSSION

The preliminary phytochemical investigation reportiicates that the agueous extract\of
pentaphyllafound to contain carbohydrates, glycosides, saymnannins, alkaloids, flavonoids,
terpenoids, steroids and sterols as phytoconstgubnt devoid of fat constituents. The
experimental results of the effect of aqueous ektcd Mollugo pentaphyllaaerial parts in
normoglycemic rats (Table 1) showed that blood gbeclevels decrease significantly with effect
from 2h (p<0.05) onwards till the end of 10h (p<€Lp in case of standard and test extract
treated group, while the % reduction of glucoselgwalculated as 34 (standard drug), 41 to 26
(test extract) respectively. The results of thenmalycemic model showed that the test extract
have dose dependent hypoglycemic effect. The pleafisbable No. 2 concerning antidiabetic
activity in alloxan induced diabetic rats showedttthe test extract in both dose levels, reduces
the blood glucose significantly (p<0.01) startingnh 1h to the end of 10h of the study in a dose
dependent manner, while the standard drug, glibemde showed similar effect during the
course of the experiment. However the percent dsereof blood sugar at the end of 10h
calculated as 55 to 65% for the test extract, whtitandard drug showed 72% at the same time.
The study of oral glucose loaded hyperglycemic rhodeealed that the extract significantly
reduces the blood glucose level (p<0.01) in dogel lef 500 mg/kg (46%), while standard drug
registered 48% with statistical significant redanttill the end of 4 h (Table 3).

It is generally accepted that alloxan treatmentseaupermanent destruction pdcells and
impairment of renal function; and sulfonylureas newn to lower the blood glucose level by
stimulating B-cells to release insulin [28]. However, the statdly significant anti-
hyperglycemic as well as hypoglycemic activitiesowh by the aqueous extract ofl.
pentaphyllaaerial parts in both single dose treated normaggdc and hyperglycaemic models
might suggest that the said effect be due to gdrareatic and extra-intestinal action of the test
extract [29]. The hypoglycemic effect comparableglibenclamide suggested that the extract
may act by regenerating tifecells in alloxan-induced diabetes [30]. And therdased activity

in glucose level in OGTT might be, due to a deaeasthe rate of initial glucose absorption
when plant fiber is given orally with glucose [29].
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Table 1: Hypoglycemic activity of aqueous aerial parts extract ofMollugo pentaphylla (AAMP) in single dose treated
normoglycemic rats in oral route

Blood Glucose Levels(mg/dl)

Groups 0
& Yoage
Treatment 0 hr 1hr 2 hrs 4 hrs 6 hrs 8 hrs 10 hrs de(ir(;eﬁsse at

| Solvent Control 1035+2.71 | 101.5+3.88| 104.16+4.33 102.66264.102.83 +3.23| 104.66+3.04 103.16+2/84 -

(Tween+Water)
Il. Glibencamide (2.5mg/kg)| 101.33+6.45 99.5+577 4.68+453 | 89.33+3.63] 79.16 +2°56 67.33 +2.90 | 67.16 + 3.26 | 33.72
[ll. AAMP(250mg/kg) 95.66 +2.52| 92.83+2.31 88.8386. | 87.33+5.10 | 82.16 +5.4% | 73.83+2.18 | 71.16 +2.78 | 25.61
IV. AAMP(500mg/kg) 105.66 +7.23 102.16+6.85 99.33.70 | 85.83+4.47| 79.66 +4.06 | 64.50 +3.08 | 61.83+2.88 | 41.48
F (3,20) 0.68 0.72 2.14 3.00 8.11* 42.70** 39.87** -

Table 2: Anti-diabetic activity of aqueous aerial parts extract oMollugo pentaphylla (AAMP) in single dose treated alloxan
induced hyperglycemic rats in oral route

Blood Glucose Levels(mg/dl)

Groups

& %age
Treatment O hr 1hr 2 hrs 4 hrs 6 hrs 8 hrs 10 hrs deigﬁze at

| Solvent Control 271.66 +10.01 2725+503 | 2825+485  278.16169| 287.33+13.09 269.66+14.14 268.83+981 -
(Tween + Water)

ll. Glibencamide (2.5mg/kg) 282.66 +2.62 225.16 +4.04176.16 +5.22 | 114.33 +6.62 | 105.83+7.12 | 88.33+3.27 [ 78.83+7.21 |[72.11

I1. AAMP(250mg/kQ) 269.66 +10.89 253.83 +12.53 2294646 | 169.66 +9.96 | 152.16 + 9.62 | 141.66 + 8.86 | 119.83 + 5.43 | 55.56
IV. AAMP(500mg/kg) 264.16 +6.74| 226.83 +11°77 174.16 +8.00 | 136.66 +8.13| 121.16 +8.93 | 109.83+7.92 | 92.66 +4.60 | 64.92
F (3,20) 0.88 6.14** 56.76** 71.89** 69.38** 74.87* 153.91* -

Values are expressed in MEAN £ S.E.M of six anin@ie Way ANOVA followed by Dunnet’s t-test; (Faeadlenotes statistical significance at
*p<0.05, **p<0.01); (t-value denotes statisticalgsiificance afp<0.05,°p<0.01 and’p<0.001 respectively, in comparison to group-I).
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Table 3: Effects of single dose treatment of aquesuaerial parts extract of Mollugo pentaphylla (AAMP) in glucose loaded
hyperglycemic rats in oral route

Groups Blood Glucose Levels(mg/dl)
& %age decrease
Treatment 0 hr 0.5 hr 1hr 2 hrs 4 hrs at 4 hrs

| Solvent Control 14416 +506 | 13516+4.65 12916+2.88 121521 | 11354247 | -
(Tween + Water)

Il. Glibencamide (2.5mg/kg) 157.83 +6.53 134.66 +5.25817.00 +4.57 | 95.16+2.63 | 82.33+2.31 | 47.83

I1l. AAMP(250mg/kg) 148.33 £ 9.71 131.33£6.60 112.68.30 | 99.5+15%4 | 995+1.54 | 32.91
IV. AAMP(500mg/kg) 142.83 £ 2.65 128.16 +4.16  106.16.2% | 90.66 +3.62 | 76.5+4.42 | 46.43
F (3,20) 1.08 0.38 5.14% 33.05* 33.81* -

Table 4: Effect of aqueous aerial parts extract oMollugo pentaphylla (AAMP ) on percentage loss in body weight in multi-dose
treated alloxan induced diabetic rats

Groups Body weight loss in percentage
& th h h h
Treatment 0" day 1d" day 20" day 30" day
. Solvent Control 27.16+2.25 31.5+2.12 34.66 +2.27 37.83+3.15
(Tween + Water)

Il. Glibencamide (2.5mg/kg) 26.16  3.75 105+336| 966+ 1.05 55+0.71
Ill. AAMP (250mg/kg) 25.16 + 1.86 2133+ 1%4 | 11.33+0.8% 7.16 £ 0.90
IV. AAMP (500mg/kg) 275 +3.01 190.16 +2%35| 933+1.11 5.33+0.92

F (3,20) 0.13 7.39** 73.50** 83.62**

Values are expressed in MEAN + S.E.M of six animaise Way ANOVA followed by Dunnet’s t-test, (Rtgatlenotes statistical significance at *p<0.05,
**p<0.01), (t-value denotes statistical significanat®p<0.05,p<0.01 and’p<0.001 respectively, in comparison to group-I).
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Phenolic compounds such as tannins, flavonoids pdresholic acids are considered to be the
major contributors to the antioxidant capacity t#nps. All phenols and particularly flavonoids
are effective antioxidants because they donatdrelexto radicals and break the radical chains.
Phenolic compounds have been shown to exert a msioge of biological activities including
scavenging ROS [31]. Since the total phenols atad tiavonoids contents of aqueous extract of
M. pentaphyllaare found to 75.16 pg of pyrocatechol equivald@0mg and 9.58 mg equivalent
of quercetin /gm, which is quantitatively a greatelue, hence it is presumed that, the
antioxidant potential of the extract may playsgngicant role for anti hyperglycemic potential
of the plant extract.

Diabetes mellitus causes failure to use of gludosenergy which leads to increased utilization
and decrease storage of protein responsible farctiesh of body weight essentially by depletion
of bodx proteins [32]. The percentage losses irbthdy weight of the animals were recorded on
o™ 1d", 20" & 30" day of the experiment and shown in Table 4. Tho8 of body weight
during 30-days study in diabetic rats under treatnoé test and standard drug, showed that,
there are significant (p<0.01 to p<0.001) recovarpody weight when compared with solvent
treated diabetic rats. The property of the testaektto recover the body weight of animals
suggesting the extra pancreatic action of the etaad might be contributed by increased
utilization of glucose by the tissues.

The hematological profile of diabetic rats underd&ys treatment of the extract, glibenclamide
and solvent, once daily in both dose levels (Tablshowed that, there is no marked alteration in
the values of tested haematological parametershenextract treated group except value of
neutrophil, when compared with diabetic controlggesting safetyness of the test extract on
long term use.

The serum biochemical investigation report (Tablel@wing estimation of marker enzyme in
alloxanised animals revealed, the enzymes like ASRIAT and ALP which are considered to
be good indices of liver and kidney damage [33] sigmificantly reduced by the extract and
therefore it may be presumed that the extract pteteellular damage. The other serum
biochemical parameters like Total bilirubin, dirdwstirubin, Albumin, Total protein, globulin
were found insignificant different when comparedhweeference animal group.
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Table 5: Effect of aqueous aerial parts extract ofMollugo pentaphylla (AAMP) on serum haematological

parameters in
alloxanised rats on 38 day of study

Serum Haematological parameters
Sr;rrg:tpr)nil:1? RBC WBC Hb (g/dl) Clt?:rt]'gg Neutrophil | Eosinophil | Basophil | Lymphocyte | Monocyte
(millions/ml) | (1000/ml) g g (%) (%) (%) (%) (%)

I Normal 410135 | 6.65:1.4 0.86:1°05 1.0820.18| 28.5:2.40| 352084 | 00 66.16:4.39| 1.8:0.32
ll. SolventControl |, /1, 1 15 | 7384114 14.75:1.71 1.61:0/19  20.5+2)456.5+1.25 00 72334513 4.130.77

(Tween+Water)
. g'gﬁg/ﬁg'de 405+1.07 | 6.88+41.37 13.4130.96 1.01:0/14 26.914144.66:0.76| 00 67.33+7.19  2.0+0%82
IV. AAMP 327+1.03 | 543+1.11 12.01+1.44 1.28+0023 25.83333.83+1.07| 00 71.66+6.63 1.5+0%28

(250mg/kg)
V. @’Z%Arzg/kg) 365:1.07 | 6.29+1.53 14.63+2911.08+0.26| 32.63x2.99 3.16+1.08 | 00 70.83+7.12| 1.7+0.31
F (4, 25) 038 032 1.80 133 2.83% 1.70 = 012 863,

Table 6: Effect of aqueous aerial parts extract ofMollugo pentaphylla (AAMP) on serum biochemical parameters in
alloxanised rats on 38 day of study

Serum Biochemical parameters
(T;rrg;‘t?naerr‘s ASAT ALAT ALP B DB Albumin PTrgigi'n Globulin
(ull) ) (/) (mg/dl) (mg/dl) | (gm/di) (gl (gm/di)
I. Normal 22.8312.49 | 28.91%2.41 | 105.38+11.12 | 0.91%0.14 0.25+0.0] 3.71x1.00 6.61+0.64 1.96+0.34
Il Solvent Control 42.08+2.80 | 57.16+4.14| 258.5+15.64| 1.55+0.38 0.3130.5.33+1.20| 4.38+0.68| 1.01+0.25
(Tween + Water)
IIl. Glibencamide(2.5mglkg] 24.2+3°14 | 29.41+3.58 | 135.25+13.15 | 0.74+0.19 0.22+0.01| 4.31x1.01 5.05+0.71] 1.26%0.2p
IV. AAMP(250mg/kg) 34.11+2.44 | 32.91+2%73| 148.1649.39 | 1.20%0.15 0.41+0.04 4.43x0.8% 5.28+0.780.85+0.17
V. AAMP(500mg/kg) 27.41+2.42 | 32.41+1.46 | 141.45+5.98 | 1.015+0.08 0.21+0.08 3.86x0.58 543+0.72  1.58+0.24
F (4, 25) 8.05% 15.51% 25.84% 2.21 3.55* 0.43 35 2.03%

Values are expressed in MEAN +S.E.M of six animn@iee Way ANOVA followed by Dunnet’s t-test. (Regalenotes statistical significance at *p<0.05,
**p<0.01), (t-value denotes statistical significanat®p<0.05,"p<0.01 and°p<0.001 respectively, in comparison to group-I1).
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CONCLUSION

In this study, several animal models and in vitrssay were applied to evaluate the
hypoglycemic potential of aqueous extract Mbllugo pentaphyllaLinn. aerial parts. As a
conclusion, it could be speculated that the obskerligpoglycemic activities oMollugo
pentaphyllaLinn. might be related to the presence of tanrterpenoids, and flavonoids contents
and having the potential to impart beneficial tipexgic effect in diabetes. Results indicate that
the aerial parts d¥1. pentaphyllaLinn. endowed with hypoglycemic activity presumable to
the antioxidant potential of the plant.
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