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Abstract

The hypoglycemic potential of aqueous (50, 100 gpggiktract of leaves of Solanum nigrum
Linn (Solanaceae) was evaluated by normoglycemgfalowed by alloxan and glucose loaded
hyperglycemic rats by single oral administratiomeTplant extract was subjected to the study of
presence of different phytoconstituents by usimgdsgrd qualitative chemical methods. The
preliminary antioxidant potential of the extract svavaluated by spectrophotometric method,
according to the Folin—Ciocalteu procedure for esdtion of total phenolic content and
calculated as gallic acid equivalents (GAE), whereatal flavonoid content was determined
spectrophotometrically and expressed as querceguivalents. The related parameters like
hematological, biochemical profiles including boalgight variation study were also carried out
in 30-days treated diabetic rats. The study remitowed that the plant extract significantly
(p<0.01 to p<0.001) reduces blood glucose levehlintnormoglycemic and hyperglycemic rats
induced by alloxan and oral glucose loaded methiitishe end of 10h and 4h respectively
during the course of experiment. The preliminarytpbhemical study report revealed that the
test extract contain carbohydrate, poly peptideapamin, tannins, alkaloids, flavonoids,
terpinoids, coumarin; as phytoconstituents, wheréas Total phenolic and Total flavonoid
content of the extract registered 33.83 pg of pgrechol equivalent /500mg , 5.86 mg
equivalent of quercetin /gm respectively. The hetogical, biochemical and loss of body
weight study report are in good agreement with #ogéivity and safety profile of the plant
extract. The experimental results of the aboveistuthdicate that the aqueous extract of the
leaves of Solanum nigrum Linn endowed with poteatii-hyperglycemic activity presumably
due to free radical scavenging potential of the édgract.

Key words: Solanum nigrum linnAlloxan, Hypoglycaemic, Glibenclamide, Insulin

168
Scholar Research Library



L Maharanaet al Der Pharmacia Lettre, 2010, 2(3):168-179

INTRODUCTION

The selection of scientific and systematic approémh the biological evaluation of plant
products based on their use in the traditionalesystof medicine forms the basis for an ideal
approach in the development of new drugs from plaNumbers of scientific and popular
literatures has reported more than 1200 plantsypsdhycemic agents [1, 2], as plant drugs are
frequently considered to be less toxic with lesgerare side effects than those of synthetic ones
[3]. Solanum nigrumLinn. (Solanaceae) commonly known as Black Berfigghtshade is a
fairly common herb or short-lived perennial shriifynd in many wooded areas, as well as
disturbed habitats Splanum nigrunplant profile, New South Wales Flora Online), dizited
throughout India, Ceylon and all temperate anditapegions of the world [4] . The leaves are
known to be used to treat headache & diseasessef [dd, ringworm [5], heart & liver ailments,
wounds & burns [6] , toothache [7]. The ethnomddiafmrmation reveals that the juice of dried
leaves ofSolanum nigrunis used for lowering blood sugar level [8]. Furthtbe aqueous extract
of dried leaves is used for i@ntiviral [9], antipyretic, anticonvulsant, sedativantimalarial,
antispasmodic & diaphoretic [10], molluscicidal [1Enti-bronchitis & anti-gastralgia [12]
activities. TheKondhtribes of Orissa, India use the hot aqueous extrfatte fruits and leaves as

a folk medicine for the treatment of diabetes medli The leaves are reported to contain several
constituents Quercitrin, Hyperoside [13], SitoskerSolamargine, Stigmastrol, Campesterol,
Cholesterol [14], Solasodine [15]. The present wttatus on the scientific validation of the
traditional use of plant leaves for control of ditds.

MATERIALSAND METHODS

Experimental

Plant material

The mature entire plant was collected from theela@med as Konark in the state of Orissa and
authenticated by Dr. A. K. Pradhan, Taxonomist bé tDepartment of Botany, PPD
Mahavidyalaya, Tigiria,Cuttack Orissa. A voucheea@men has been preserved in the institution
herbarium of School of Pharmaceutical SciencessHaiKO’ Anusandhan University for future
reference. After due authentication, fresh matleagies were collected from well-grown plants
at the same place and cleaned thoroughly to rermdkierent from the leaves under running tap
water. The cleaned leaf materials were subsequdntyg under shade. The shade dried leaves
were powdered in an electrical grinder and passeéiusieve No. 40 to get coarse powder of the
leaves for further study.

Preparation of extract

The powdered leaf materials were defatted usingojeetm ether as solvent. The defatted
powdered plant material (550 g) was refluxed wii®@ ml of distilled water for 48h followed
by filtration and the filtrate was concentrated engdacuum. A dark brown sticky residue was
obtained with yield value 21.52% (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
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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, $€iswith registration No. IAEC
1171/C/08/CPCSEA.

Screening for antidiabetic activity

The Screening for antidiabetic activity was conddcas per the method describeddash et al.
[16]. The test samples were suspended in 25% Tween @Btithed water. Glibenclamide (2.5
mg/kg) was used as reference control during thdystall the test samples were administered
through oral route.

Study on nor moglycaemic animals

The animals were fasted for 18 h, but were alloteefitee access of water during course of the
experiment. At the end of the fasting period, takerzero 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 IIl andeBéived the test extract at a dose of 50 and
100 mg/kg, respectively, through oral route. Ak ttest samples at 50, 100 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 animadsensegregated into four groups of six rats in
each. Group | served as solvent control and redewdy vehicle (2 ml/kg) through oral route.
Group Il received glibenclamide (2.5 mg/kg). Grolipsind 1V received the test extract at doses
of 50 and 100 mg/kg in a similar manner. Blood ghelevel of each rat was estimated at 1, 2,
4, 6, 8 and 10 h, respectively.

Study on glucose loaded hyper glycaemic 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 prescribed in Trease and Evans [17].
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Deter mination of total phenolic content

Total soluble phenolic in the aqueous extract da@am nigrum was determined with Folin
Ciocalteu reagent using pyrocatechol as a stanfda3d Briefly, 0.1 ml of extract solution
(contain 1000 pg extract) in a volumetric flask widated 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 determinednasogram of pyrocatechol equivalent by
using an equation that was obtained from standgracptechol graph. The equation calculating
the pyrocatechol was: Absorbance = 0.001 x pyretalgLg) — 0.003

Determination of total flavonoid content

Aluminium chloride colorimetric method was used ftavonoid content determination [19]
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 acetatel 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.

Sub acute toxicity studies

The sub acute toxicity study on alloxnised diabedits 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 theystwd body weight variation test by
measuring weight of the animals by standard wemhmethod using balance and study of
hematological profile along with serum biochemichbhnges by following standard laboratory
methods. The blood sample under study was colleate83" day by sacrificing the animals
under anesthetic condition and serum was sepaoatiely freezed centrifugation using a high
speed Remi centrifuge. The body weight of thenas were recorded on 0, 10, 20 and 30 days
of the experiment. The haematological studies oheltiotal RBC count, total WBC count,
clotting time and differntial count and % Hb [2@pther biochemical/serum profile studies
include ASAT, ALAT, ALP, TB, DB, albumin, total ptein, globulin were also performed by
using standard established procedures.[21]

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

RESULTSAND DISCUSSION

The preliminary phytochemical investigation reporticates that the aqueous extract Sf
nigrum contains carbohydrates, poly peptides, saporangjits, alkaloids, flavonoids, coumarin,
terpinoids, sterols as phytoconstituents but dewdidjlycosides, fats and oils and steroidal
constituents. The experimental results of the efdé@queous extract &olanum nigrunteaves

in normoglycemic rats (Table 1) showed that bloddcagse levels decrease significantly
(p<0.01) with effect from 6h onwards till the entlX®h, in case of standard and test extract
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treated group, while the % reduction of glucoselgwalculated as 43 (standard drug), 40 to 21
(test extract) respectively. The results of thenmalycemic model showed that the test extract
have dose dependent hypoglycemic effect. The peafisbable 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) startingni 2h 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 46 to 55%, while standard drug shor28d at the same time. The study of oral
glucose loaded hyperglycemic model also signifigargduces the blood glucose level (p<0.01)
in dose level of 100 mg/kg (38%), while standandgdregistered 48% with statistical significant
reduction till the end of 4 h (Table 3). The stata significance of ANOVA in showed
significant reduction of blood glucose with p<0105<0.001.

It is generally accepted that alloxan treatmentseaupermanent destruction pfcells and
impairment of renal function; and sulfonylureas newn to lower the blood glucose level by
stimulating B-cells to release insulin [22]. However, the statdly significant anti-
hyperglycemic as well as hypoglycemic activitie®wh by the aqueous extract 8f nigrum
leaves in both single dose treated normoglycaemit reyperglycaemic models might suggest
that the said effect be due to extra-pancreaticeattich-intestinal action of the test extract [23].
And the decreased activity in glucose level in OGWight be, due to a decrease in the rate of
initial glucose absorption when plant fiber is givarally with glucose [23].

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 donatdretecto radicals and break the radical chains.
Phenolic compounds have been shown to exert a waioge of biological activities including
scavenging ROS [24]. Since the total phenols atal tiavonoids contents of aqueous extract of
leaves ofS.nigrumare found to 33.83 pg of pyrocatechol equival&@Omg and 5.86 mg
equivalent of quercetin /gm, which is quantitatyvalgreater value, hence it is presumed that, the
antioxidant potential of the extract may playsignsicant role for anti hyperglycemic potential
of the plant extract.
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Table 1: Hypoglycemic activity of aqueous leave extract of Solanum nigrum (ALSN) in single dose treated nor moglycemic
ratsin oral route.

Blood Glucose L evels (mg/dl)

Groups & Treatment

% age
Oh 1h 2h 4h 6h 8h 10h decrease at
10hrs
. SolventControl 435,571  101.5+3.88 104.16+4.33 102.66264. 102.83+3.23 104.66+3.04 103.16 +2.84 1.93
(Tween + Water)
. g"g;gclﬁg'de 101.33+6.45 9954577  94.66+453 89.33+3.6379.16+256 67.33+290 57.16+3.26 43.59
lll. ALSN (50mg/kg) ~ 108.83 +4.03 106.16+3.91 105+8857 98.83+4.05 95.16+4.33 87.33+3.0285.83+3.02 21.13
IV.ALSN (100mg/kg) 98.66+3.56 96.83+3.16 94.166812 91.16+2.84 87.66+3.01 70.33+3.63 59.5+3.2% 39.69
F (3,20) 0.95 0.84 2.56 2.84 9.15%* 24,17 23.45* -
Values are expressed in MEAN + S.E.M of six anim@ise Way ANOVA followed by Dunnet’s t-test.
(F-value denotes statistical significance at *p&00p<0.01)
(t-value denotes statistical significancémt0.05,°p<0.01 andp<0.001 respectively, in comparison to group-I).
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Table 2: Anti-diabetic activity of aqueous leave extract of Solanum nigrum (ALSN) in single dose treated alloxan induced
hyperglycemicratsin oral route.

Blood Glucose L evels(mg/dl)

Groups & Treatment
P % age

Oh 1h 2h 4h 6h 8h 10h decrease at
10hrs

. Solvent Control

271.66 £+10.01 272.5+5.03 282.5+4.85 278.16169 287.33+13.09 269.66 +14.14 268.83+9.81 41.0
(Tween + Water)

Il. Glibencamide

(2.5mg/kg) 282.66+2.62 225.16+404 176.16 +5.22 114.33+6.62 10583+7.12 88.33+3.27 78.83+7.21 72.11

. ALSN (50mg/kg) ~ 266.26 £9.15  257.16 +7.65 243.8396 178.66+10.93 159.33+7.63 146.33+6.25 141.5+5.47 46.85

IV. ALSN (100mg/kg) 283.83+10.08 254.33+11.9 214885F 158.83+7.76 141.83+10.25 137.66+10.83 126.83+7.91 55.31

F (3,20) 1.00 6.43** 47.12* 62.26** 64.77** 64.27* 109.16** -

Values are expressed in MEAN + S.E.M of six anim@ise Way ANOVA followed by Dunnet’s t-test.
(F-value denotes statistical significance at *p&00p<0.01)
(t-value denotes statistical significancémt0.05,°p<0.01 andp<0.001 respectively, in comparison to group-I).
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Table 3: Effects of single dose treatment of aqueous leave extract of Solanum nigrum (AL SN) in glucose loaded hyperglycemic

ratsin oral route.

Groups & Treatment

Blood Glucose Levels (mg/dl)

% age
05h 1h 2h 4h decrease at
4dhrs
I Solvent Control 144.16 + 5.06 135.16 + 4.65 129.16 + 2.8 1215721  113.5+2.47 21.26
(Tween + Water)
Il. Glibencamide (2.5mg/kg)  157.83 + 6.53 134.66 +5.25 117.00 + 4.57 95.16 +2.63  82.33+2.31 47.83
ll. ALSN (50mg/kg) 151.66 + 3.84 139.66 + 3.11 122.33.37 116.5 +5.03 115.83 + 2.22 23.62
IV. ALSN (100mg/kg) 158.66 + 5.73 136.5 +5.90 116.33.25 105.5 + 4.75 98.66 + 3.5B 37.81
F (3,20) 0.21 1.65 10.90** 32.92%

Values are expressed in MEAN + S.E.M of siinals. One Way ANOVA followed by Dunnet’s t-test.
(F-value denotes statistical significanc#pat0.05, **p<0.01)
(t-value denotes statistical significancépa®.05,°p<0.01 andp<0.001 respectively, in comparison to group-I).
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Diabetes mellitus causes failure to use of gludosenergy which leads to increased utilization
and decrease storage of protein responsible foctiesh of body weight essentially by depletion
of body proteins [25]. The percentage losses irbthiay weight of the animals were recorded on
o™ 10", 2d" & 30" day of the experiment and shown in Table 4. Th&o8s of body weight
during 30-days study in diabetic rats under treatnoé test and standard drug, showed that,
there are significant (p<0.05 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 ektaad might be contributed by increased
utilization of glucose by the tissues.

Table 4: Effect of agqueous leave extract of Solanum nigrum (AL SN) on percentage loss in
body weight in multi-dose treated alloxan induced diabetic rats.

Percentagelossin body weight

Groups & Treatment

0" day 10" day 20" day 30" day

I Solvent Control 27.16 + 2.25 3154212 34.66 + 2.27 37.83 +3.15
(Tween + Water)

Il Glibencamide 26.16 + 3.75 195+2.36 9.66 +1.05 554071
(2.5mg/kg)

IIl. ALSN (50mg/kg) 29.33 + 2.76 2433+194  145+1.2% 115+1.28

IV. ALSN (100mg/kg) 23.16 + 1.40 203301  12.16+1.01 8.83 +1.07

F (3,20) 0.01 8.15% 59,35+ 66.74%

Values are expressed in MEAN + S.E.M of six anim&@xe Way ANOVA followed by
Dunnet’s t-test, (F-value denotes statistical digance at *p<0.05, **p<0.01), (t-value denotes
statistical significance &p<0.05,°p<0.01 andp<0.001 respectively, in comparison to group-I).

The hematological profile of diabetic rats underd2ys treatment of the extract, glibenclamide
and solvent, once daily in both dose levels (T&lshowed that, there is a no marked alteration
in the values of tested haematological parameierthe extract treated group except value of
neutrophil, when compared with diabetic controlggesting safetyness of the test extract on
long term use.
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Table 5: Effect of aqueous leave extract of Solanum nigrum (AL SN) on serum haematological parametersin alloxanised ratson
30" day of study.

Serum Haematological parameters

Groupsand
Treatment RBC WBC Hb Clotting Neutrophil ~ Eosinophil Basophil Lymphocyte Monocyte
(milliong/ml)  (1000/ml)  (g/dl) time (min) (%) (%) (%) (%) (%)
I. Normal 419+135 665+12 9.86+1°051.08+0.18 285+.40 3.5+0.8% 00 68.16+4.39 1.8+0.32
Il. Solvent
Control 241+115 7.38+.14 1475+1.71 1.61+0.19 20545 65+1.25 00 72.33+513 4.1+0.77
(Tween+Wat
er)
Hi. g'gﬁgjﬁg'de 405+1.07 6.88+.37 1341+096 1.01+0.14 261944 4.66+0.76 00 67.33+£7.12 2.0+0.82
IV. ALSN
315+091 535+.06 11.16+1.19 1.21+022 8853 2.83+.99 00 72.33+9.17 2.3+0.74
(50mg/kg)
V. ALSN
3.45+0.87 658+.53 14.04+1.72 1.18+0.22 0862.15 3.33+.76 00 69.16+8.52 2.2+0.64
(100mg/kg)
F (4, 25) 0.43 0.34 2.24 1.38 2.67* 251 - 0.10 871.

Values are expressed in MEAN + S.E.M of six anim@se Way ANOVA followed by Dunnet’s t-test. (F-ual denotes statistical
significance at *p<0.05, **p<0.01), (t-value demtstatistical significance &p<0.05, °p<0.01 and°p<0.001 respectively, in
comparison to group-Il.)
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The serum biochemical investigation report (Tabledhtaining estimation of marker enzyme in
alloxanised animals showed, the enzymes like ASNIAT and ALP which are considered to
be good indices of liver and kidney damage [26] significantly reduced by the extract and
therefore it may be presumed that the extract preteellular damage. The other serum
biochemical parameters like Total bilirubin, dirdstirubin, Albumin, Total protein, globulin
were found insignificant different when comparedhweference animal group.

Table 6: Effect of aqueous leave extract of Solanum nigrum (AL SN) on serum biochemical
parametersin alloxanised ratson 30" day of study.

Serum Biochemical parameters

Groupsand
Treatment ASAT ALAT ALP B DB Albumin PIS:;'n Globulin
(ufl) (u) (u/l) (mg/dl)  (mg/dl) (gm/dl) (gmydl) (gm/dI)
0.91 0.25 3.71 1.96
I. Normal 22.83+242 2891+241 105.38+11.12 +0.14 +0.07 +1.00 6.61 +0.64 + 034
Il. Solvent Control
1.55 0.31 5.33 1.01
(Tween + 42.08 +£2.80 57.16 +4.14 258.5 +15.64 +0.38 +0.03 +1.20 4.38 +0.68 +0.25
Water)
I1l. Glibencamide 0.74 0.22 4.31 1.26
(2.5mg/kg) 242 +3.14 29.41+3.58 135.25+13.1% +01% +0.01 +1.01 595+0.71 +026
IV. ALSN 1.30 0.41 5.08 0.73
(50mgrkg) 39.75+250 42.41+4.68 143.16 +10.84 +011 +0.04 +1.15 4.26 +0.69 +013
V. ALSN 1.22 0.38 4.53 1.11
(100mglkg) 32.25+2.30 40.78+4.12 138.91+11.01 + 017 +0.04 +1.15 4,81 +0.93 +0.24
F (4, 25) 10.88** 9.62** 22.35** 2.22 3.10* 0.33 a3 3.17*

Values are expressed in MEAN + S.E.M of six anim@xe Way ANOVA followed by
Dunnet’s t-test. (F-value denotes statistical $igance at *p<0.05, **p<0.01), (t-value denotes
statistical significance &p<0.05,"p<0.01 andp<0.001 respectively, in comparison to group-1).

CONCLUSION

In this study, several animal models and in vitrssay were applied to evaluate the

antihyperglycemic potential of S. nigrum, leavegsi@ous extract. Results indicate that the leaf
of S. nigrum endowed with antihyperglycemic adyivpresumably due to the antioxidant

potential of the leaf of the plant.
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