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ABSTRACT

The ethanolic extract of leaves of Phyllanthus distichus results maximum yield value than that of petroleum
ether extract, chloroform extract through successive extraction process. The ethanolic extract of leaves of
Phyllanthus distichus showed maximum control in blood sugar in hyperglycemic wistar rats than other
experimental extracts. The test extract also reduces the blood sugar level to a maximum extent in case
of normal animals. Among the study of effects of alcoholic extracts of leaves of Phyllanthus distichus
in both normoglycemic and hyperglycemic model through oral route. Toxicological study revealed that
the alcoholic extracts Phyllanthus distichus leaves were safe and does not alter normal physiological and
behavioral effect even at a higher dose level of 3000 mg/kg body weight.

Administration of alcoholic extracts Phyllanthus distichus significantly reduces the elevated glucose level
in alloxan induced diabetic rats confirms its anti-diabetic activity. This also reduces normal glucose level,
which reveals the hypoglycemic property. The whole protein, whole cholesterol, ASAT, ALAT, ALP
enzyme activity of alloxan administered rats showed significantly higher than normal rats, the test extract
treated rats significantly reduced the elevated levels. The results of the present investigation indicate that
the alcoholic extracts Phyllanthus Distichus leaves may have a place in the therapy of Diabetes Mellitus as
anti-diabetic and/or hypoglycemic agent. The hypoglycemic and/or anti-diabetic effect of the test extract
may be due to the influence on glycogenesis, glycogenolysis metabolic activity property of one or more
of its constituents. Ethanolic extract of leaves of Phyllanthus Distichus is beneficial in lowering the blood
sugar concentration and in the management of other diabetic complications without any doubt.

© 2020 Published by Innovative Publication. This is an open access article under the CC BY-NC license
(https://creativecommons.org/licenses/by-nc/4.0/)

1. Introduction

The studies on the leaves of P.D. have not been reported on
the antidiabetic activity. As for the above reason the present
study was carried out on mice and rats and the dose fixation

was done, as per the protocol.

1. Collection of leaves of P.D. and extraction of processes
using different solvents according to their increasing
order of polarity, for the present investigation.

2. Determination of the most potent extract for reduction

3. Acute oxicity study of the potent extract of P.D to
determine LDsq and selection of dose.

4. The route of administration in oral route by single dose
treatment in both normoglycemic and hyperglycemic
model.

5. Diabetes is induced by rat by single dose Alloxan

administration.

. Diabetes is confirmed by blood glucose estimation.

7. The study of hypoglycemic and/or antidiabetic activity
of the most potent extract is to be done by the following

o)}

of the elevated blood glucose levels induced by models.
Alloxan in wistar rats by single dose treatment model
through measuring the fasting blood sugar levels. 1.1. Effect of test extracts on
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. Single dose treated normoglycemic rats.
2. Single dose treated hyperglycemic rats.
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. Single dose treated glucose loaded hyperglycemic rats.

. Multi dose treated normoglycemic rats.

. Multi dose treated hyperglycemic rats.

. To estimate the glycogen conc. In liver and kidney.

. Behavioural changes of animals after single dose
treatment if any also to be performed.

8. Plasma lipids(TC, TG, LDL,HDL,VLDL) are to be
analysed in diabetic rats to find out wheather any
correction exits between the levels of these parameters
and diabetes.

9. The changes in the levels of alkaline phosphate,
aminotransferase(ASAT,ALAT), Total proteins, total
bilirubin, direct bilirubin, albumin and globulin etc. are
to be analyse in a serum.

10. Haematological parameters to be studied in the last
day of treatment of subacute toxicity study.

11. Determination of percentage loss of body weights in

alloxan induced diabetic rats treated with test extract at

the end of 21 days.

~N N bW

The results obtained from control and experimental animals
of the present investigation are compared and discussed in
the light of available literatures.

2. Materials and Methods
2.1. Plant collection and authentication

Large number of leaves of Phyllanthus distichus appears in
the month of July and November. Leaves were collected
from the interior villages of Athgarh (Orissa). Before their
use, they were carefully identified and collected.

2.2.  Preparation of the powder

The leaves were dried over a polythene cover in shade
drying method with a help of fan at 21 °C room temperature
and pulverized using a mechanical grinder. The powder is
further passed through a fine mesh sieve to get a fine powder.

2.3.  Preparation of the extracts

The powdered material (600gm) was extracted separately
with different solvents of increasing order of polarity, e.g..
Petroleum ether, chloroform and ethanol by soxheletion
method. The liquid extracts were concentrated under
vaccum to yield dry extracts and preserved in a desicator
till further experiments.

2.4. Percentage yield of the extracts

The leaves of Phyllanthus distichus was extracted with
solvents of increasing polarity by Soxhlet apparatus. The
percentage yield of the leaves of Phyllanthus distichus
was found to be 2.66%, 1.66%, 14.66% and 12.66%
with petroleum ether, chloroform, alcohol and water,
respectively(shown in tab-1). The percentage yield of the

ethanolic extract of Phyllanthus distichus was found to be
greater (14.66%) than extract with other solvent.

2.5. Preparation of drug solution

2.5.1. Preparation of extract solution

The semisolid extracts of P.D. and dissolved in sufficient
quantity of solvent (Tween & Normal saline). The aqueous
extract of P.D. was dissolved in Normal saline and the latter
were used for administration.

2.5.2. Glibenclamide

Glibenclamide 2.5 mg/kg b.wt was dissolved in sufficient
quantity of solvent (Normal saline) and used in the
treatment. |

2.5.3. Alloxan
Alloxan 120mg/kg b. wt was dissolved in the Normal saline
and used to induce diabetes in rats.?

2.6. Selection of aAnimals

Healthy adult albino rats of wister strain weighing 150-200
gms and adult albino mice of swiss strain weighing 20-25
gms were selected for toxicological and anti-diabetic studies
respectively with the approval from the instutional animal
ethics committee (Regd. No.1171/C/08/CPCSEA).

2.7. Maintenance of animals

The animal house was well ventilated and animals had 12+
lhour day and night schedule with temperature between
11-2042°C. The animals were housed in large spacious
hygienic cages during the course of the experimental period.
The animals were fed with rat pellets feed supplied by
M/s Hindustan Lever Ltd., Bangalore, India and Aquaguard
filtered water ad libitum. The place where the experiments
we conducted kept very hygienic by cleaning with antiseptic
solutions. The husk, which was for the purpose of keeping
as a bed to the animals, was autoclaved and cleaned.
Before the animals were kept, the cages (plypropylene)
were also sterilized along with the water feeding bottles.
As the diabetic animals are susceptible to infection hygienic
condition were necessary.

3. Experimental Setup

3.1. Hypoglycemic activity of AEPD in single dose
treatment

3.1.1. In normoglycemic animal

To check wheather the alcoholic extract of P.distichus is
acting as an insulin secretagogue (Stimulation of insulin
secretion from the pancreatic f-cell & to check the
utilization). The study was carried out as mentioned Table 1.
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Table 1: Overnight fasted animals were grouped in 4 groups of 6 animals each groups

191

G roup Animal used S ex
Gr-1 Albino rat M
Gr-I1 Albino rats M
Gr-III Albino rats M
Gr-1V Albino rats M

Body wt. T reatment

200gms Served as control(Normal saline). Once
daily

200gms Served as standard(Glibenclamide
2.5mg/kg)in p.o. Once daily

200gms Test drug(p.o/i.p) Dose -1. Once daily

200gms Test drug(p.o/i.p) Dose-2. Once daily

Blood glucose levels were measured in all 5 groups in diff. Time interval like 1, 2, 4, 8, 12hrs.

3.1.2. Alloxan induced diabetic animal
To check wheather the Ethanolic extract of P.distichus

has antidiabetic activity. The study was carried out
mentionedTable 2.

3.1.3. Glucose loaded hyperglycemic animals

It is a standard procedure used to monitor blood glucose
levels over a period of time following glucose load.

To check wheather the ethanolic extract of P.distichus has
hypoglycemic activity as mentioned Table 3.

3.2. Anti diabetic & hypoglycemic study of extract of
p.distichus in multi dose treatment

3.2.1. In normoglycemic animals

To check wheather the ethanolic extract of P.distichus has
hypoglycemic activity on the multiple dose treatment.

3.2.2. In diabetic animals

To check wheather the extract of P.distichus has antidiabetic
activity on the multiple dose treatment in alloxan induced
animals; the study was carried as mentioned Table 5.

3.3. Toxicity studies

3.3.1. Acute oral toxicity studies

The acute toxicity study is aimed to establish the therapeutic
index i.e., the ratio between the pharmacologically effective
dose and the lethal dose, and also to perform the primary
screening.

The aqueous extract of Phyllanthus distichus was
administered once orally at 4 dose levels (500, 1000,
2000,3000 mg/kg) to group of 10 mice of both sexes about
equal in number which have been fasting overnight (about
18 hrs.)

The treated mice were observed continuously for two
hours and then occasionally for further for four hours and
finally overnight mortality recorded.?

During the course of study the behaviours of the mice
were carefully observed and fall of time, reduction of
spontaneous activity also determined.*

3.3.2. Sub acute toxicity studies

The purpose of this study is to determine the maximum
tolerated dose and daily dosed for 3 to 4 weeks and to
indicate the nature of toxic reaction of the drug.

In present study, the influence of Phyllanthus distichus
extract on haematological parameters, a pathological change
on 21 days dosing in Alloxan induce diabetic rats was
carried out.

The diabetic rats were grouped into 6 of 6 animals each.
Group | animals received solvent, Group III and Group IV
was received AEPD and 200 mg/kg b. wt. p.o., once daily
for 21 days.

At the end of the experimental period the blood was
collected, serum separated and subjected to hematological
and biochemical examination.?

3.4. Investigation carried out in the present study

Blood sample was drawn into tubes at different time
intervals.

Serum was separated out by centrifugation and used in
different estimations.

Diabetes was induced by a single dose of alloxan
administration.

Blood glucose level, which is elevated in association with
hyperglycemia diabetes, was measured to assess whether the
plant extract has antidiabetic/hypoglycemic effect.

A significant body weight reduction is associated with
diabetes hence the body weight was recorded before, during
and after the treatment.

Acute toxic study was carried out to find out toxic
symptoms of the extract and gross behavioural changes were
also noticed.

Sub acute toxicity study was carried out to find out the
influence of the extract on biochemical, haematological and
histopathological findings.

ALAT, ASAT, ALP etc... were assayed in serum.

Serum lipids like total Cholesterol, HDL, LDL and
VLDL, triglyceride were estimated.

Serum total protein and albumin were analysed.

Blood parameters like haemoglobin, RBC, WBC etc....
counts were determined

Clotting time was also determined
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Table 2: Overnight fasted animals were grouped in 4 gropes of 6 animals each groups.

Group Animal used Sex
Gr-1 Albino rat M
Gr-I1 Albino rats M
Gr-III Albino rats M
Gr-1V Albino rats M

Body wt. T reatment

200gms Served as control(Normal saline). Once
daily

200gms Served as standard(Glibenclamide
2.5mg/kg)in p.o. Once daily

200gms Test drug(p.o/i.p) Dose -1. Once daily

200gms Test drug(p.o/i.p) Dose-2. Once daily

Blood glucose levels were measured in all 5 groups in diff. Time interval like 1, 2, 4, 8, 12hrs.

(All these Rats are treated with Alloxan 110-150mg/kg i.p.prior to 72 hrs)

Table 3: Overnight fasted animals were grouped in 4 groups of 6 animal each groups & glucose (1gm/kg) was loaded to group II & IV

G roup Animal used Sex Body wt. T reatment

Gr-1 Albino rat M 200gms Served as control(Normal saline). Once
daily

Gr-11 Albino rats M 200gms Served as standard(Glibenclamide
2.5mg/kg)in p.o. Once daily

Gr-11I Albino rats M 200gms Test drug(p.o/i.p) Dose -1. Once daily

Gr-IV Albino rats M 200gms Test drug(p.o/i.p) Dose-2. Once daily

Blood glucose levels were measured in all 5 groups in diff. Time interval like 1, 2, 4, hrs.

Table 4: Overnight fasted animals were grouped in 4 groups of 6 animal each groups

G roup Animal used Sex
Gr-1 Albino rat M
Gr-I1 Albino rats M
Gr-111 Albino rats M
Gr-1V Albino rats M

Body wt. Treatment

200gms Served as control(Normal saline). Once
daily

200gms Served as standard(Glibenclamide
2.5mg/kg)in p.o. Once daily

200gms Test drug(p.o/i.p) Dose -1. Once daily

200gms Test drug(p.o/i.p) Dose-2. Once daily

Blood glucose levels & body wt. were measured on 07, 374, 9" day

Table S: Overnight fasted animals were grouped in 4 groups of 6 animal each group

Group Animal used Sex
Gr-1 Albino rat M
Gr-11 Albino rats M
Gr-111 Albino rats M
Gr-1V Albino rats M

Body wt. T reatment

200gms Served as control(Normal saline).
Once daily

200gms Served as standard(Glibenclamide
2.5mg/kg)in p.o. Once daily

200gms Test drug(p.o/i.p) Dose -1. Once daily

200gms Test drug(p.o/i.p) Dose-2. Once daily

Blood glucose levels & body wt. were measured on 07", 7%, 14 & 21° day.

3.5. Induction of diabetes

In the present study a single dose of Alloxan in normal
saline 120 mg/kg b. wt was administered intraperitonially.?

Diabetes developed gradually was assessed after a week
an experiment was carried out to determine the blood sugar
levels. Animals with blood sugar levels 200-250 mg/dl,
were chosen on 7' day and considered as diabetic rats for
antidiabetic screening.

4. Blood Collection

A small amount of blood without sacrificing the animal by
orbital sinus puncture. The rats were made semi conscious
with ether using the sterile capillary tube, puncture the

orbital sinus at the inner canthus of the eye, by rotating the
capillary tube with sufficient but not excessive pressure, two
or three times.

As bleeding starts, the animal was held close to the
centrifuge tube, and blood was collected. Applying pressure
on the inner canthus for a short while stopped the bleeding.
The collected blood was used to determine the biological
parameters. 3

4.1. Determination blood glucose levels

A small amount of blood without sacrificing the animals by
orbital sinus puncture or by snipping off the tip of the tail.
The rats were made semi-conscious with ether using the
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sterile blunt needle; puncture the orbital sinus at the inner
canthus of the eye, by rotating the needle with sufficient but
not excessive pressure, two or three times as described in
sub-acute toxicity study.

As bleeding starts, the animal was held close to the
haemogluco test strip and allows the drop of blood to fall
on the strip. The bleeding was stopped by applying pressure
on the inner canthus for a short while.>

The Johnson & Johnson Ltd. (One touch — Life Scan)
glucometer was switched on. When the instrument gives a
beep sound after 1 min. The test strip was inserted. Then as
bleeding starts, the animal was held close to the haemogluco
test strip and allows the drop of blood to fall on the strip.
Then the instrument was allowed to react for one minute.
Then the blood glucose level was displayed on the screen
was recorded.

4.2. Body weight analysis

Initial body weight of rats was recorded. The final body
weight of rats was recorded on 3™ day, 7 day, 14" day, and
21%" day. The % loss in body weight was calculated after 21
days and the weight variation was noted from treated groups
and compared with normal, Alloxan control group.

4.3. Preparation of serum

The collected blood was kept at room temperature,
refrigerated and centrifuged, for 20 min at 2000 rpm to
separate serum.

4.4. Biochemical parameters estimated

Asparate aminotransferase (ASAT)
Alanine Aminotransferase (ALAT)
Alkaline Phosphatase (ALP)

Total Cholesterol (Tc)

High Density Lipid Cholesterol (HDL-C)
Triglyceride (TG)

Total Protein (Tp)

Albumin

Globulin

Total Bilirubin (TB)

Direct Bilirubin (DB)

4.5. Tranceminases

4.5.1. Asparate aminotranceferase(ASAT): %7

Asparate aminotransferase in serum was assayed using
Ecoline dignostic kit. ASAT analyses the following
reactions. Glutamate + Oxalacetate Malate + NAD.

The rate of NADH consumption was measured
photometrically at 340nm and is directly proportional to the
ASAT activity in the sample.

Asparate aminotransferase level in serum in expressed as
U/L. Glutamine + Pyruvate Lactate + NAD.

4.5.2. Alanine aminotransferase in serum was assyed
using Ecoline dignostic kit. ALAT analyses the following
reaction
The rate of NADH consumption was measured
photometrically at 340nm and is directly proportional
to the ALAT activity in the sample.

Asparate aminotransferase level in serum in expressed as
U/L.

4.6. Alkaline phosphatase (ALP)

Alkaline Phosphatase in serum was assayed using Ecoline
dignostic kit. ALP analyses the following reaction.
Phosphate + 4-nitrophenolate

The rate of increase of 4-nitrophenolate was determined
photometrically at 405 nm and is directly proportional to the
ALP activity in the sample.

4.7. Total cholesterol (Tc): %

Cholesterol in serum was estimated by CHOD-PAP method
using an Ecoline Diagnostic Kit. Cholesterol and its esters
are released from lipoproteins by detergents. Cholesterol
esterase hydrolyses the esters. In the subsequent enzymatic
oxidation by cholesterol osidase, HyO, is formed. This
converted into a coloured quinonimine in a reaction with
4 aminoantipyrine and phenol catalyzed by peroxidase. The
absorbance of the sample and of the standard was measured
against the reagent blank value at 546mm.

Cholesterol level in serum/liver and aorta was expressed
as mg/dl or mg/g tissue.

4.8. HDL cholesterol

The HDL cholesterol was separated from Serum
after precipitation of LDL and VLDL -cholesterol by
phosphotungstic acid precipitating reagent.

The supernatant after centrifugation was estimated using
Ecoline diagonostic kit by CHOD-PAP method. %

The absorbance of the sample of the standard was
measured against the reagent blank value at 546 mm.

HDL Cholesterol level in serum was expressed as mg/dl.

4.9. VLDL cholesterol

Cholesterol was calculated by the formula '
Cholesterol = Triglycerides/5
Cholesterol level in serum was expressed as mg/dl

5. LDL cholesterol

Cholesterol was calculated by using the formula '°
Cholesterol = Total Cholesterol — (HDL Cholesterol-
Triglycerdes/5
Cholesterol level in serum was expressed as mg/dl
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5.1. Triglycerides (TG): 1

Triglyceride level in serum/liver and aorta was estimated
using an Ecoline Diagnostic kit. Glycerol + Fatty acid
Glycerol — 3 phosphate + HO

The absorbance of the sample and of the standard
was measured against the reagent blank value at 546 nm.
Triglyceride level in serum/liver and aorta was expressed as
mg/dl or mg/g tissue.®!!

Total protein in serum was assayed using Ecoline
diagnostic kit. Proteins and peptides in contrast to other
nitrogen containing compounds (e.g. creatinine, urea, uric
acid.) produce a violet colored complex with copper ions
in an alkaline solution. The so-called burette reaction is
particularly easy to carry out, giving reproducible results,
which are in good agreement with Kjeldahl method.

Measured the absorbance of the sample of the standard
against the burret reagent and the absorbance of the blank
against water of 546 nm. Total protein level in serum is
expressed as mg/dl.

5.2. Albumin®'?

Albumin in serum was assayed using Ecoline diagnostic kit.
Albumin forms Blue-green complex with bromocresol
green at slightly acidic PH which is measured
photometrically the absorbance of the sample and of
the standard against blank at 540-600 nm.
Albumin level is serum is espressed as g/dl is recorded.

5.3. Globulin

Globulin concentration in serum is indirectly determined by
subtracting the albumin concentration from the total protein
concentration. 13

5.4. Total bilirubin

Total bilirubin level in serum was assayed using an Ecoline
Diagnostic Kit. The total bilirubin in serum is determined
by coupling with diazotized sulfanilic acid after the addition
of caffeine. Sodium benzoate and sodium acetate. A blue
azobilirubin is formed in alkaline Fehlings solution II. This
blue compound can also be determined selectively in the
presence of yellow by-products (Green mixed coloration)
by photometry at 578 nm.

5.5. Direct bilirubin'?

Direct bilirubin in serum was assayed using Ecoline
diagnostic kit. The direct bilirubin is measured as the red
azo dye at 546 nm without the addition of alkali. This
method is based on the definition of direct bilirubin as the
quantity of bilirubin. Which, without the addition of an
accelerator, can be determined after a reaction time of 5
minutes? This bilirubin comprises mainly the water soluble
bilirubin glucuronides. Under the condition used here, free

bilirubin reacts slowly.
Measured the absorbance of sample against blank at 546
nm.

5.6. Estimation of liver glycogen

The liver exercised from sub acute toxicity study was
subjected to estimate the glycogen.

5.7. Procedure

Known weight of the liver tissue was subjected to alkali
digestion with 30% KOH in boiling water bath for 20min.
3.0ml of ethanol was added and tubes were kept in a freezer
overnight. They were centrifuged at 3000 rpm for 40 min.
The precipitate was dissolved in warm water, reprecipitated
with ethanol ad centrifuged again. The final precipitate was
dissolved in 3.0 ml of distilled water and heated for 5 min.
in a boiling water bath. Aliquots of the sample were mixed
with 4.0ml of Anthrone reagent, heated in a boiling water
bath for 20min. The green colour developed was read at
600nm using systronics UV-VIS spectrophotometers. 1> The
glycogen content in the tissue is expressed as mg/g wet
tissue.

5.7.1. Determination of Hematological parameters
Hemoglobin concentration in the blood sample was
estimated as per the standard procedure.!® The Hb
concentration in blood was expressed as gm %.

5.7.2. Total W.B.C. count

Estimation of W.B.C. count was carried out as per the
standard procedures. '® The W.B.C. count was expressed as
number of cells/ul of whole blood.

5.7.3. Total R.B.C. count

Estimation of R.B.C. count was carried out as per the
standard procedures (Ghai 1988). 17 The R.B.C. count was
expressed as number of cells/u1 of whole blood.

5.8. Clotting time
Clotting time was determined as per the standard procedure
by Ghai (1988). !5 It was expressed in minutes.

5.9. Statistical analysis

The values are represented as + S.E.M.

The data obtained from various studies were subjected
to one- way analysis of variance.(ANOVA)!® followed by
Dunnet’s t-test

6. Experimental Results & Discussion

1. The present study was divided into 9 phases.
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2. In the first phase the Phyllanthus distichus leaves are
collected, shed dried and the extracts are prepared
using different solvents of increasing polarity by the
method of soxeheletion.

3. In the second phase the most potent extract for
reduction of blood sugar level in alloxan induced
hyperglycemic rats was determined.

4. In the third phase the acute toxicity study was done to
determine LD50,

5. In the fourth phase the route of administration
was determined in single dose normo/hyperglycemic
model.

6. In the fifth phase the hypoglycemic effect and anti
diabetic effect of the most potent extract was carried
out in normoglycemic. glucose loaded hyperglycemic
and alloxan induced diabetic rats in single dose
treatment.

7. In the sixth phase the hypoglycemic effect and anti
diabetic effect of the extract was carried out in
normoglycemic and alloxan induced diabetic rats in
multi dose treatment or daily dosing for 21 days study.

8. In the seventh phase the percentage loss in the body
weight was calculated and analysed after 21 days in
the sub acute toxicity study.

9. In the eighth phase the effect of the extract on
the glycogen concentration in liver and kidney was
estimated.

10. In the ninth phase the effect of the extract in long term
use if any, was carried out by observing the various
biochemical parameters, haematological profiles, lipid
profiles.

6.1. Table I Effect of various extracts of leaves of PD
on Alloxan induced diabetic rats

The table I shows that the chloroform extract, aqueous
extract & ethanolic extract registered 3.63%, 15.51%,
49.84% decrease in fasting blood glucose levels respectively
at the dose level of 100mg/kg body wt. in oral route in
alloxan induced diabetic rats at the end of 8hrs.However at
the same time solvent control(distilled water)& petroleum
ether showed gradual increase in blood sugar level. The
standard drug Gibenclamide (2.5mg/kg bwt) posses 60.97%
decrease in blood glucose level at the same time.

The aqueous extract significantly decreases the blood
sugar level at the end of 4hrs & 8hrs in the level
of P<0.01,while the ethanolic extract showed significant
decrease of blood sugar level starting from 2hrs to the end of
8hrs at the level of P<0.05 to P<0.001 when compared with
the solvent control. However the standard drug decrease a
significant decrease of blood sugar level beginning from1hr
(P<0.05) up to 8hr (P<0.001) when compared with solvent.

The blood glucose lowering property of ethanolic extract
of PD is comparable with the standard drug Gibenclamide
(2.5mg/kg Body wt).

Among the tested extract the ethanolic extract at the
dose level of 100mg/kg through oral route possess highest
percentage decrease of blood sugar level.

Therefore the ethanolic extract was selected for the
evaluation of hypoglycemic &/or anti-diabetic activity.

6.2. Acute toxicity study of ethanolic extract of leaves of
PD

The result shown in the Table 7 indicated that the ethanolic
extract of PD showed no change of behaviour up to 2hrs &
no motility was observed up to 24 hrs at the maximum dose
levels of 3000mg/kg. Therefore further studies were carried
out at the dose levels of 100mg/kg,200mg/kg, & 300mg/kg
body wt.

6.3. Hypoglycemic activity of ethanolic extract of leaves
of PD in single dose treatment in normoglycemic rats in
oral route

The data recorded in the Table 8 showed the test extract
possesses 27.11% & 33.8% decrease in blood glucose
level at the dose level of 100mg/kg & 200mg/kg b.wt.
respectively in oral route at the end of 8hrs. While the
standard drug Glibenclamide (2.5mg/kg) registered 46.9%
reduction at the same time. However the solvent control
group showed negligible reduction of blood glucose level
at the end of 8" hrs. The ethanolic extract at the dose
level of 100mg/kg showed significant decrease (P<0.01)
at 8hrs while at the same time the dose level 200mg/kg
showed more significant (P<0.001) when compared to
solvent control.

6.4. Anti diabetic activity of ethanolic extract of leaves
of PD in single dose treatment in alloxan induced
Hyperglycemic rats in oral route

The result expressed in the table iv revealed that the
Ethanolic extract in the dose level of 100mg/kg & 200mg/kg
body wt posses 49.67% & 55.48% reduction in the blood
glucose level respectively at the end of 8hr while the
standard drug Glibenclamide(2.5mg/kg body wt.) registered
61.01% decrease in blood sugar level at the same time.

The test extract showed a significant decrease (P0.001)
of blood glucose level starting from 4 hr onward in the
tested dose levels while standard drug posses the same rate
of significance beginning from 2hrs while compared with
solvent control.

6.5. Hypoglycemic activity of ethanolic extract of leaves
of PD in single dose treatment in glucose loaded
hyperglycemic rats in oral route.(OGTT)

The data recorded in table-V indicated that the test extract
at the dose level of 100mg/kg &200mg/kg b.wt. registered
19.45% & 23.55% decrease in blood glucose level at the end
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Table 6: Effects of various Extracts of leaves of P.D on alloxan induced diabetic rats

Group & Blood glucose levels(mg/dl)
treatment Ohrs 1hrs 2hrs 4hrs 8hrs % age decrease at
the end of 8hrs
L.Solvent 254.16£10.55 256+12.79 277.16+9.3 289.16+9.3 294+10.25
(saline Water)
II.Standard 246.6+13.9 223+11.45* 200.16£15.56*** 135.33+£8.4%**  06.16+£6.3%** 60.97
Glibenclamide(2.5mg/kg)
II1.Pet Ether 264+10.3 270+10.07 279.67+£9.93 281.5+5.19 278.5+6.62
Extract
(100mg/kg)
IV.Chloroform 275.34+4.03 272+6.08 273.16+8.14 266.67+8.1 265.84+7.6 3.63
Extract
(100mg/kg)
V. Ethanol 274.831+6.65 264.5+6.4 223.34+11.27*%%  164.83112.62%%* 137.8447.95%** 49.84
Extract
(100mg/kg)
VI.Aquous 277.16£9.7 267.5+7.3 249+6.9 246.34+£91%* 234.16£4.6** 15.51
Extract
(100mg/kg)
VIL F values 2260 9.12° 50.93% 119.75°
Values are expressed in MEAN =+ S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test.
(F-value denotes statistical significance at (ap<0.05, bp<0.01)
(t-value denotes statistical significance at *p<0.05, **p<0.01 and ***p<0.001 respectively, in comparison to group-I.
Table 7: Acute toxicity study ofethanolic extract of leaves P.D
Group Dose Route No. of Animals Death
I 500 ORAL 4 0
II 1000 ORAL 4 0
I 1500 ORAL 4 0
v 2000 ORAL 4 0
v 3000 ORAL 4 0

Table 8: Hypoglycemic activity of ethanolic extract of leaves of P.D in single dose treatment in normoglycemic rats in oral route.

Group & Blood glucose levels(mg/dl)
treatment Ohrs 1hrs 2hrs 4hrs

I. Solvent 104.16+2.21 104.83+1.8 102.83+2.08 106+1.59
(saline Water)

II. Standard 103+2.25 90£3.02%* 84.8342.03#%* T7941.5%%:*
Glibenclamide(2.5mg/kg)

III. Test-1 104.5+2.01 104.5+2.4 97.33+1.89 94.66+1.96%*
(100mg/kg)

IV. Test-2 104.5+1.98 104.16£1.6 96.16+2.27* 87.1641.9%**
(200mg/kg)

V. F Values 9.94b 13.22° 42.01°

8hrs
105.66+1.5
54.67+3.67%**
76.1745.14%**
68.8443.47+**

34.009°

% age decrease at
the end of 8hrs

46.9
27.11

33.8

Values are expressed in MEAN =+ S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test.
(F-value denotes statistical significance at (ap<0.05, bp<0.01)

(t-value denotes statistical significance at *p<0.05, **p<0.01 and ***p<0.001 respectively, in comparison to group-I.
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Table 9: Antidiabetic activity of ethanolic extract of leaves of P.D in single dose treatment in Alloxan induced Hyperglycemic rats in

oral route
Group & Blood glucose levels(mg/dl)
treatment Ohrs 1hrs 2hrs 4hrs 8hrs 9 age decrease at

the end of 8hrs

L. Solvent 2544+10.57 256+£12.79 277.16+£10.97 289.16+£9.3 294+10.25
(saline Water)
II. Standard 246.67+13.9 234+12.17 216.83+18.22%* 135.3448.4%**  96.1646.3%** 61.01
Glibenclamide(2.5mg/kg)
III. Test-1 274.83+6.6 264.16+6.4 235.5+£5.23* 168.174£5.61%**  138.3443.09%** 49.67
(100mg/kg)
IV. Test-2 273.34+5.4 260.16+5.1 228.33+4.3 145.3445.4%%%  121.67+£12.2%%* 55.48
(100mg/kg)
V. F Values 1.9 5.5 92.06" 104.88”

Values are expressed in MEAN =+ S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test.

(F-value denotes statistical significance at (ap<0.05, bp<0.01)

(t-value denotes statistical significance at *p<0.05, **p<0.01 and ***p<0.001 respectively, in comparison to group-I.
g p p p p Y p group

of 4hrs respectively. While the standard drug Glibenclamide
(2.5mg/kg)reduces blood glucose level up to 47.28% at the
same time.

At the end of 4hrs. the test extract at both the dose levels
bears a significant (p<0.001) decrease of blood glucose in
compared with solvent control. While the standard drug
Glibenclamide holds the same significancy (p<0.001) from
the beginning from2hrs

It is observed that the AEPD leaves effectively control
the blood sugar level in normal as well as glucose loaded
hyperglycemic rats in single dose treated model. Such an
effect might be decrease in the rate of initial glucose
absorption when the plant fiber is given orally with
glucose. '® Hence it may be presumed that the glucose
lowering effect of the extract was achieved by an extra
intestinal ac

6.6. Hypoglycemic activity of ethanolic extract of leaves
of PD in multidose treatment in normoglycemic rat in
oral dose

The purpose of the study is to establish the therapeutic
validity of the test extract of P.D. in long term used.

The data showed in this model demonstrated that there
was an decrease in blood sugar level in the extent of 28.06%
& 33.17% in case of the test extract at the dose level of 100
mg/kg & 200mg/kg respectively on the 21 day of treatment.

While the standard drug on the same day bears 50.54%
reduction at the same time tested dose levels & standard
drug is P< 0.0001 on the 21*day.

The observed data results of the experiments suggested
that the Ethanolic extract of P.D. able to maintain the
hypoglycemic effect up to 21st day & no behavioural
changes are observed during the treatment periods.

6.7. Antidiabetic activity of ethanolic extract of leaves
of PD in multidose treatment in alloxan induced
Hyperglycemic rats in oral dose.

The purpose of the study is to confirm the antidiabetic effect
of the test extract on longer duration of treatment.

In this model the test extract registered 52.44% &
57.58% of decrease of blood glucose level at the tested dose
level of 100mg/kg & 200 mg/kg respectively on the 21%
day of treatment. While the standard drug showed 60.83%
reduction on the same day.

The test extract bears a significant P< 0.001 decrease
value of blood sugar level starting from 7 day to 21% day
at the both tested dose level while the standard drug showed
the same rate significance which started from the 3’ day
onwards. When compared with the solvent control.

The study further support the antidiabetic effect of the
test extract whose effectiveness persist up to 21 days and the
blood sugar level decreases gradually during the observed
days, which presumed that the test extract, contains some
antidiabetic active principle responsible for this effect.

The hypoglycemic active principle may act probably by
initiating the release of insulin from the pancreatic cell
of hyperglycemic animal (sulfonyl urea like effect)!'® the
proper mechanism of action is further supported by OGTT
in which glucose level reduces in response of test extract.

It is therefore, evident that hypoglycemic principle in the
extract, exert a direct effect in diabetic rat probably by a
mechanism similar to insulin. Which was substantiated by
an extra pancreatic mode of action.

The experiment revealed that A.E. of P.D. (200mg/kg)
significantly (P<0.001) decrease the glucose level on
hyperglycemic animal. The glucose lowering activity
observed in the diabetic animal may due to the stimulation
of B cells in the pancreatic islets.
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Table 10: Hypoglycemic activity of ethanolic extract of leaves of P.D in single dose treatment in glucose loaded hyperglycemic rats in

oral route.(OGTT)
Group & Blood glucose levels(mg/dl)
treatment -60min Ohrs 1hrs 2hrs 4hrs % age decrease at

the end of 8hrs

I. Solvent 104.16+2.21 107.83+.8 123.33+2.4 136+2.8 103.33+1.9
(saline Water)
II. Standard 104.33+£2.26 9043.02%#* 78.8342.2%:%:* 6644.04%#%* 5544 3%%* 47.28
Glibenclamide(2.5mg/kg)
III. Test-1 104.5+2.0 102.16+1.8 92.67+2.4%%%  89.1642.08%** 84,1742 8%%** 19.45
(100mg/kg)
IV. Test-2 104+1.98 96.1642.7%* 88.84 42 7% 82.1642.6%*:* 79.542 2% 23.55
(200mg/kg)
V. F Values 11.26 60.47" 99.96" 44.26"

Values are expressed in MEAN =+ S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test.
(F-value denotes statistical significance at (ap<0.05, bp<0.01)
(t-value denotes statistical significance at *p<0.05, **p<0.01 and ***p<0.001 respectively, in comparison to group-I.

Table 11: Hypoglycemic activity of ethanolic extract of leaves of P.D in multidose treatment in normoglycemic rats in oral dose

Group & treatment

1. Solvent (saline Water)
II. Standard
Glibenclamide(2.5mg/kg)
III. Test-1 (100mg/kg)
IV. Test-2 (200mg/kg)

V. F Values

Blood glucose levels(mg/dl)

0" day 7' day 14" day 218 day %age decrease at the end of
8hrs
104.66+£2.85 104.834+2.07 104.66+1.7 105.54£2.2
106.16+2.28 86.16+3.13*** 68.54+3.8%*%* 52,542 .6%** 50.14
104.5+2.5 101.66+1.7 91.83+1.9%*  75.17+4.5%** 28.06
104+2.0 98.83+1.8 85.3442.6%** 69.542.9%** 33.17
13.01% 31.62° 47.2b

Values are expressed in MEAN =+ S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test.
(F-value denotes statistical significance at ap<0.05, bp<0.01)
(t-value denotes statistical significance at *p<0.05, **p<0.01 and ***p<0.001 respectively, in comparison to group-I.

Table 12: Antidiabetic activity of ethanolic extract of leaves of P.D in multidose treatment in alloxan induced Hyperglycemic rats in oral

dose
Group & Blood glucose levels(mg/dl)
treatment 0" day 3¢ day 7" day 14" day 215 day %age decrease at

the end of 8hrs

L. Solvent 275.5+5.6 265+6.5 253.16+5.8 238.3446.1 238.34+6.1
(saline Water)
II. Standard 274.5+3.6 227.16+4.9%%%  182.546.7%**  156.34+5.4%*:* 107.5+4.07 60.83
Glibenclamide(2.5mg/kg)
III. Test-1 279+4.5 263.83+4.6 233.16+£5.7* 180.545.4%*%  132.67+4.02%** 52.44
(100mg/kg)
IV. Test-2 280.16+4.8 263+4.3 226.33+£6.5%*%  173.16£3.67*** 118.834£2.9%** 57.58
(200mg/kg)
V. F Values 12.58% 22.83% 45.71° 159.99°

Values are expressed in MEAN =+ S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test.
(F-value denotes statistical significance at (ap<0.05, bp<0.01)
(t-value denotes statistical significance at *p<0.05, **p<0.01 and ***p<0.001 respectively, in comparison to group-I.
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6.8. Percentage loss in body weight in ethanolic
extracts of leaves of PD in alloxan induced diabetic rats

The content of Table 13 indicates that there was decrease %
loss in body wt. when measured on 3¢ 7" 14" & 21% day
of treatment in both tested dose levels.

The test extract at 100mg/kg posses 6.72% loss of body
wt. on 21* day. While on 3’ day the % loss of body
wt. registered 12%. Similarly at dose level of 200mg/kg
between, on 21 day measured 5.55% loss of body wt while
on 3 day % loss of body wt registered 10%.

However Glibenclamide (2.5mg/kg) reduces the body wt
by 3.33% at the end of 21% days while the solvent control
represented gradual increase in % loss of body wt. up to 21
days i.e. 21* day the loss was 25.33% where as on 3™ day
the loss was 10%.

It has been reported that diabetes is a heterogeneous
metabolic disorder in which one of the symptomatic
character is loss in body wt. It has been stated that DM
causes failure to use of glucose for energy leads to increased
utilization & decreased storage of proteins responsible for
reduction of body wt. essentially by depletion of the body
proteins. !’

The results of the study presented that the decreased loss
of body wt. might be contributed by increased use of glucose
by the tissue.

6.9. Effect of ethanolic extract of leaves of PD on the
glycogen conc. in liver & kidney

The data presented in Table 14 demonstrated that the
glycogen content of liver & kidney of DM animals treated
with Ethanolic extract of leaves of PD & standard drug
were significantly increased when compared with solvent
control at the end of 21 days of treatment, even the
test extract & standard drug approaches the content of
glycogen towards normal glycogen level. It was reported
that hyperglycemia results in decreased glucose utilization
and glycogen synthesis. !’

6.10. Effect of ethanolic extract of PD on lipid profile in
Sub acute toxicity

The observation data should in Table 15 present significant
(P<0.01) reduction of total cholesterol in serum in the
groups treated with test extraction & standard drug when
compared with solvent control.

The extent of reduction in both the close level of
test extract was dose dependent. In case of triglycerides
level & standard drug Glibenclamide (2.5mg/kg body
wt.) reduces significantly (P<0.001) when compared with
solvent control. All the above studies were carried out on
the 21% day of treatment.

However, the value of HDL in case of test extract at
tested dose levels & standard showed increased value than
that of solvent control group with a significant level. While

the LDL & VLDL levels significantly (P< 0.001) decrease in
all drug treated groups when compared with solvent control.

It has been reported that in the wuntreated or
under treated diabetic patients, hyperglyceridemia &
hypercholesterolemia often occur due to the increase
production of VLDL & due to unavailability of lipoprotein
lipase which hydrolyses the triglycerides to VLDL because
of insulin deficiency. 2’

As the test extract reduces VLDL, TC & TG. Hence it
might be presumed that the test extract is responsible for
the enhancement of the transcription of lipoprotein lipase,
similar to insulin.

6.11. Effect of ethanolic extract of leaves of PD on
hematological parameters in sub acute toxicity study

However, the diabetic rats treated with solvent showed
a decrease value of RBC, WBC, & Hb. Content when
compared with normal.

The hematological parameters exhibited in Table 16
showed that the animals treated with standard drug
Glibenclamide & test extract in the tested dose levels bears
normal value in RBC count & Hb. Count. Whereas the
clotting time slightly elevated than normal. However, the
diabetic rats treated with solvent showed a decrease value
of RBC, WBC & Hb. Content when compared with normal.

The neutrofil count appears to nearly equal with that
of normal value. The other hematological parameters like
Esonophil, lymphocyte & monocytes in case of the standard
drug & test extract treated animals did not show any
alteration.

Therefore, it might be suggested that the test extracts has
no significant effect on the hematological parameters & is
evident for the safely used at the ethanolic extract of P.D.
leaves for a longer duration time.

6.12. Effect of ethanolic extract of leaves of PD on
biochemical parameters in sub acute toxicity study

From the Table 17, the data showed ASAT & ALAT
enzymes activity of alloxan induced diabetic rats showed
significantly higher than normal rats. The test extract treated
rats at tested dose levels had reduced enzymes activity when
compared with diabetic rats.

The total protein & total albumin content serum was
significantly lowered in diabetic rats when compared with
solvent control but in the drug treated diabetic animals it
returned to nearly normal.

The present study of experimental approach has been
conducted for the test extract to elicit tonic response over
an exposure period of 21 days. Alteration in the marker
enzymes like ASAT, ALAT, ALP, liver & kidney glycogen
content.

The total protein, lipid profile properties like TC, TG,
HDL, LDL, VLDL of the extract were determined. The
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Table 13: Percentage loss in body weight in ethanolic extract of leaves of P.D in alloxan induced diabetic rats

Group & treatment

Body weight loss in percentage

3¢ day 7" day 14" day 21 day
I. Solvent (saline Water) 10 16 18.66 25.33
II. Standard 8 6.66 6.66 3.33
Glibenclamide(2.5mg/kg)
III. Test-1 (100mg/kg) 12 10.11 8.0 6.72
IV. Test-2 (200mg/kg) 10 8.23 6.38 5.55

Table 14: Effect of ethanolic extract of leaves of P.D on the glycogen conc. in liver & kidney

Group & treatment

Liver Glycogen mg/gm tissue

Kidney glycogen mg/gm tissue

L.Solvent (saline Water) 19.1642.21 11.48£1.5
II.Standard Glibenclamide(2.5mg/kg) 33.6642.76%* 17.5+£1.8%
III.Normal 35.67+2.7 19.4+1.4
IV. Test-1 (100mg/kg) 28.46+1.19* 13.64+2.2
V. Test-1I (200mg/kg) 31.8£4.4%* 15.67+1.67
VLF Values 5.21° 3.14¢
Values are expressed in MEAN + S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test.
(F-value denotes statistical significance at (ap<0.05, bp<0.01)
(t-value denotes statistical significance at *p<0.05, **p<0.01 and ***p<0.001 respectively, in comparison to group-I.
Table 15: Effect of ethanolic extract of P.D on lipid profile in Sub acute toxicity
Group & Lipid Profile
treatment TC mg/dl TGmg/dl HDLmg/dl LDLmg/dl VLDLmg/dl
L.Solvent (saline 227.83£5.6 182+6.7 35.16+4.4 164.83+£6.4 44.66£3.12
Water)
II.Standard 161.34+4.9%%%* 103.84+£3.1%%* 47.67+£3.2% 86.6715.4%+%* 23.8342.8%%%*
Glibenclamide(2.5mg/kg)
[II.Normal 138.84+4.3 89.16+17 51.67+3.4 67.17+4.9 17.16+3.0
IV. Test-1 211.17+4.13 156.83+£5.01%* 39.17+4.8 146.67+5.8 32.67+2.6*%
(100mg/kg)
V. Test-11 203.47£5.7%* 148.34+4 8*%*%* 41.17+£3.7 136.831+4.4%* 31.3442.3%*
(200mg/kg)
VLF Values 55.027° 54.53b 2.76% 57.79° 1351°
Values are expressed in MEAN + S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test.
(F-value denotes statistical significance at (ap<0.05, bp<0.01)
(t-value denotes statistical significance at *p<0.05, **p<0.01 and ***p<0.001 respectively, in comparison to group-I.
Table 16: Effect of ethanolic extract of leaves of P.D on Hematological Parameters in sub acute toxicity study
Group & RBC WBC Hb (g/dl) Clotting Neutrofil Esonophil Lymphocyte Monocyte
treatment (millions/ml) (millions/ml) Time(min) (%) (%) (%) (%)
L.Solvent 2.6+.42 7.8£.9 7.34+1.5 1.414.009 21.16+3.7 4.754.68 72.67+4.5 4.6+£.7
(saline
Water)
II.Standard 4.8+.6* 6.8+1.1 10.67£1.2 1.07+£.08 27.83+£2.3  1.91+.45%** 69.84£3.3 2.8+.7
Glibenclamide(2.5mg/kg)
[II.Normal 5.1+.6 7.1+1.24 11.84+1.4 1.05+£.07 32.67£1.5 1.55+.07 68.67+3.3 1.9+.2
IV. Test-1 3.6+.8 6.1+.4 8.34£1.5 1.35+.07 24.34+2.1 2.6+.3%* 71.34+4.1 3.67£.9
(100mg/kg)
V. Test-11 4.16+.65 6.5+.7 8.84£1.2 1.254.07 26.5£1.6 2. 1£.4%* 70.33+3.9 32+3
(200mg/kg)
VLF 2.7¢ 45 1.6 3.87¢ 3.14 8.4b 0.15 2.17
Values

Values are expressed in MEAN =+ S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test.

(F-value denotes statistical significance at (ap<0.05, bp<0.01)

(t-value denotes statistical significance at *p<0.05, **p<0.01 and ***p<0.001 respectively, in comparison to group-I.
g p p p P Y p group
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Table 17: Effect of ethanolic extract of leaves of P.D on Biochemical parameters in sub acute toxicity study
Group & treatment ASAT(ul) ALAT(ul) ALP(ul) Aibumin(gm/dl) Total
protein(gm.dl)
1.Solvent (saline Water) 38.16+£3.8 49.674+4.09 291.544.5 5.844.79 4.75+.77
II.Standard 25.174£3.2%  31.34£2.3%* 270.84+£4.9* 4.2+.81 6.24+1.03
Glibenclamide(2.5mg/kg)
III.Normal 22.84+3.87 28.34+3.4 262.17+6.05 3.4+.37 8.08+.52
IV. Test-I (100mg/kg) 36.84+3.87  39.84+2.98* 280.17+5.02 5.15+.79 5.14+.8
V. Test-1I (200mg/kg) 30.67+£3.1  35.67+£2.24%*  275.16+£4.49* 4.7+.67 5.67+.68
VLF Values 3.86¢ 7.24° 4.67° 1.71 2.78¢

Values are expressed in MEAN =+ S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test.

(F-value denotes statistical significance at ap<0.05, bp<0.01)

(t-value denotes statistical significance at *p<0.05, **p<0.01 and ***p<0.001 respectively, in comparison to group-I.

leaves of P.D. didn’t produce any toxic or cells damaging
effect to animals.

7. Conclusion

The ethanolic extract of leaves of Phyllanthus distichus
results maximum yield value than that of petroleum ether
extract, chloroform extract through successive extraction
process. The ethanolic extract of leaves of Phyllanthus
distichus showed maximum control in blood sugar in
hyperglycemic wistar rats than other experimental extracts.
The test extract also reduces the blood sugar level to a
maximum extent in case of normal animals. Among the
study of effects of AEPD leaves in both normoglycemic
and hyperglycemic model through oral route. Toxicological
study revealed that the AEPD leaves were safe and does not
alter normal physiological and behavioral effect even at a
higher dose level of 3000 mg/kg body weight.

Administration of AEPD significantly reduces the
elevated glucose level in alloxan induced diabetic rats
confirms its anti-diabetic activity. This also reduces normal
glucose level, which reveals the hypoglycemic property.
The whole protein, whole cholesterol, ASAT, ALAT,
ALP enzyme activity of alloxan administered rats showed
significantly higher than normal rats, the test extract treated
rats significantly reduced the elevated levels. The results of
the present investigation indicate that the AEPD leaves may
have a place in the therapy of DM as anti-diabetic and/or
hypoglycemic agent. The hypoglycemic and/or anti-diabetic
effect of the test extract may be due to the influence on
glycogenesis, glycogenolysis metabolic activity property of
one or more of its constituents.

Thus it is concluded that the ethanolic extract of leaves
of Phyllanthus distichus beneficial in lowering the blood
sugar concentration and in management of other diabetic
complications without any doubt.
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