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ABSTRACT

This study was aimed to evaluate the effect of Colebrookea oppositifolia on bioavailability of
amoxycilline. A-sarsili_ge, rapid and precise High Performance Liquid Chromatography (HPLC) method
was used to measure the*concentration of amoxycilline in plasma samples coliected for 24 hours
following different administration of drugs in rabbits, Pharmacokinetic parameters, including E__,
C... Ka AUC, 1, were calculated as per one compartment model. Analysis of data revealed that the
variations in all pharmacokinetic parameters in different administration were statistically significant

{P<0.05). This concludes that co-administrations of aqueous extract of C. oppositifolia enhance the

bioavailability of amoxycilline, The enhanced bioavailability could be attributed to the effect of the
L extract on microsomal enzymes or enzymes systems.

‘eywords: Colebrockea oppositifolia, Bioavailability,
¥, PP, Flavonoids. ’

NTRODUCTION

Colebrookea oppositifolia (Family: Lamiaceag)
>ommonly known as ‘Bansa’ or ‘Dosul’ is a monotypic
jenus of evergreen shrubs or small tree, 1.2 10 3.6m
all growing widely in Northern and Southem slopes
fthe Himalayan range of Sikkim at elevation ranging
setween 3000-5000 ft. It has been reported to be
Jseful in the treatment of varicus diseases like,
asthma', epilepsy? tumor?, and CNS disorders®.
Various substances are present in the plant e.g.
flavonoids, which have recently attracted interest
due to their various beneficial pharmacological
effects and additional abilities to modulate the
bioavailability of different xenobiotics. In the present
study we have made an atternpt to investigate the
effect of high flavonoidal content of aqueous extract

ot C. oppositifolia on bioavailability of amoxycilline in
rabbit.
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MATERIALS AND METHODS
Preparation of Extract

The fresh dried leaves (3.0 kg) of C. oppositifola
were collected from the southern district of the
Sikkim. 1t was authenticated by Botanical survey of )
India, Gangtok, Sikkim. After collection, the leaves
were washed thoroughly in tap water and dried in
shade for about 3-4 weeks. The dried leaves were
powdered and stored in a well-closed container. A
suspension of 10g of dried leaf powder in 100mi of
distilled water was stirred magnetically for 4 hr at
room temperature. The residue was removed by
filtration and the filtrate was used as such for oral
feeding or dried by freeze-drying. The vield of the
water extract was about 9g from 10g dried leaves.

Chemical tests were performed to confirm the
flavenoid in the extract.®

Animals

Albino rabbits, (Himalayan Pharmacy Instituie)
weighing between 1.5 - 2 kg of either sex were used
in the bioavalability studies and albino mice,
{Himalayan Pharmacy Institute) between 20 - 259
for toxicity studies. All the animals were housed
under standard conditions of temperature (27°C z
3°C), 12hr/12hrlight/dark cycles and fed with standard
pellets diet (Chakan oil mill} and tap water. The
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:xperiments were performed after getting the
:xperimental protocols approved by the institutional

Animal Ethics Commitiees of the Jadavpur University,
Colkatta.

Jrugs and Chemicals

Amoxycilline from Libra Drugs ({India), Pune.
Sodium hydrogen phosphate from S.D. Fine
Chemicals Ltd., Boisar, HPLC grade methanol and
water from Qualigens Fine Chemicals, Mumbai,
orthophosphoric acid and acetonitrile from E.merck,
Mumbai were used during present investigation.

Acute Toxicity Studies

The extract was administered orally to different
groups (5mice/group) of mice in doses ranging from
300mg/kg. No lethality was observed in any of the
groups. Mice, which received extract of doses above
6000 mg/kg exhibited ptosis (dropping of upper
eyelids) and were found lethargic. One tenth of the
maximum dose of the exiracts tested for toxicity

“study (800 mg/kg p.o) was selected for evaluation of
activity 2

Acute toxicity studies in rabbils were also carried
out by administering C. oppositifolia 30 min prior to
amoxycilline treatment to find out whether
C.oppositifolia potentiate the toxicity of the antibiotic.

Preparation of Test Drugs and Treatment
Schedule

Amoxycilline was prepared as suspension in
carboxy methyl cellulose (0.5%w/v) using pestle
and mortar. Rabbits were randomly divided into 3
groups (6 rabbits/group). The first group served as
control and received only amoxycilline (100mg/kg)
orally. The second group received Extract of C.
oppositifolia (800 mg/kg) orally with amoxycilline,
The third group received C. oppositifolia (800mg/

kg) extract orally and 30min later amoxycilline
(100mag/kg).

Blood Collection and Determination of Blood
Levels of Amoxycilline

Blood samples of rabbits treated with antibiotic
alone and with C. oppositifolia were collected from
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the marginal ear vein by 1ml syringe with 26% gauge
needle (Disposable) at different time intervals (0,
0.1,1,15,2,25,3,4,5,6, 8, 10,12 and 24 hrs)
following the antibiotlic lreatment. Blood samples
were centrifuged at 2000 rpm for 20min. Thereafter
the samples were separated and transferred to
clean, dry vials and kept at 20°C untii analyzed by
developed HPLC method. All the samples were
coded and labeled properly.

Pharmacokinetic Analysis

C, ..andt__ forantibiotic were determined directly
from the raw data. The area under curve (AUC) was
calculated using the trapezoidal rule method. The
apparent elimination rate constant (Kel) was
determined by the regression analysis of the serum
concentration verses time data of the terminal phase.
The apparent half-life for the drug in plasma was
calculated from relationship t,f?=0.693/KeI equation.
The significance between the respective trealment
groups was calculated by paired student’s ‘t’ test.

RESULTS

The serum concenlration versus lime prolile ol
amoxycilline administered with or without aqueous
extract of C. oppositifolia is outlined in Table I. The
study was taken in single dose, cross over design.
The data was fitted to a one compartment open
model with first order kinetics. Comparative
pharmacokinetic parameters of three sets of the
experiments have been shown in the Table |I. In this
interactive study, in all three treatment categories
the absorption process was completed with median
1 07 2.58 (S.D. £0.08), 1.98 (S.D £ 0.15) and 1.75
(S.D. £ 0.10) hrs for amoxycilline, agueous extract
of C. oppositifolia + amoxyciliine and C. oppositifolia
+ amoxycilline (30minutes later) respectively.

Aqueous extract of C. oppositifolia pretreatment
induced a significant (P<0.05) shift in t__ of
amoxycilline. This indicates that the prior treatment
of the aqueous extract of C. oppositifolia has altered
the t__ significantly as compared to C. oppositifolia
+ amoxycilline together. Thus the aqueous extract
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Table l: Etfect of Co-administration of Aqueaus Extract of Colebrookea oppositifolia on Serum
Concentration of Amoxycilline [Values expressed as pg/ml, are mean = SD]

SL No. Time of Amoxyeciiline C.oppositifolia C.oppositifolia
collection (100mg/kg) {800mg/kg)+ (800mga/kg)
(hrs) Amoxycilline + Amoxycilline
{100mg/kg) (100mg/kg) 30 mins later
1. 0 0 0 ) 0
2. 0.5 8.85£0.195 18.15+0.194 28.70£0.701
3. 1.0 18.26+0.477 28.81+0.391 48.69+0.963
4. 15 26.28+0.410 45.50+0.267 62.34+0.501
5. 2.0 32.39+0.607 58.21x0.237 58.4110.656
B. 2.5 37.08+0.394 54.47+0.227 55.35+0.408
7. 3.0 34.2240.390 ' 50.57+0.293 51.61+0.516
8. 4.0 28.48+0.226 43.69+0.360 44.48+0.489
9. 5.0 22.81+0.153 36.68+0.575 36.67+0.409
10. 6.0 18.52+0.301 29.35+0.277 30.77+0.486
11. 8.0 12.81+0.162 21.62+0.265 23.18+0.294
12. 10.0 8.39+0.159 14.56+0.121 15.63x0.282
13. 12.0 5.05:0.115 10.80+0.270 11.68+0.443
14. 24.0 0.48+0.058 1.30+0.112 1.67+0.136

The data based on three separate experiments with six animals in each grpup. P values. <0.05.

Table ii: Comparison of Pharmacokinetic Parameters (Values expressed as pg/ml, are mean = SD)

Sl. No Treatment t.. (hr) €, (19/ml) t,. (hr) AUC {(gg.hr/ml) -k,
1. Amoxycilline 2.58+0.08 37.08+0.34 3.39+0.08 248.69:£1.723 0:2044+0.008
{t00mg/kg)
2. C.oppositifolia 1.98+0.15 58.38+0.316 4.015+0.139 429.29+1.968 0.1727£0.006
(800mMg/kg)
+ Amoxycilline
(100mg/kg)
3. C.oppositifolia + 1.58+0.04 62.34+0.591 4.28+0.140 475.15+3.28 0.1616+0.005
{800mg/kg) +
Amoxycilline
(100mg/kg)
30minuteslater ~
ma
The data based on three separate experiments with soﬁ}gimafsy @}.group. P values. <0.05.
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.. oppositifolia shows the time dependent effect
the gastrointestinal absorption of the drug. The
ribution phase of the amoxycilline in all three
5 of the experiments was fairly short i.e.
icentration decay being evident within 2 hr. of the
ig administration. Comparison of other
irmacokinetic parameters (Table 1) revealed
t there were significant differences in peak
ibiotic levels attained {c,,) OF Mmean elimination
flife (t,). Comparison of AUC showed that higher
um levels of amoxycilline were achieved in the
wp treated with C. oppositifolia + amoxycilline.
mparison of the serum concentration time curve
g.1) of each administration shows significant
ferences of amoxycilline present in the blood.

L T T T T T T T T T

.2 2.3 4 5 6 B 101224
Time in hrs

—— Amoxycilline alone

—t— C.oppositifolia+ Amoxycilline

—e— C.oppositifolia+Amoxycilline (30 mins later)

‘9. 1: Comparative Mean Plasma Amaxycilline {100mg/
3)Concentration versus Time Profile for Rabbits treated
ith Amoxycilline (100mg/kgiand Aqueous Extracts of
‘olebrookea oppositifolia at various Time Intervals

NSCUSSION

The present experimental findings in animal
mperiments were clearly indicated that concurrent
idministration of aqueous extract of C. oppositifolia
significantly enhances the bioavailability of
imoxycilline. The analysis of various
sharmacokinetic parameters tmax, Cmax, Kar L
and AUC point out that aqueous extract of
C. oppositifolia might influence the different
>hysiological process like alteration in gastric
ransportorabsorption process. Againitwas reported
that aqueous extract of C. oppositifolia has flavonoid
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as the major chemical constituent®®. In recent years,
flavonoids have atiracted increasing interest due to
their various pharmacological effects and additional
abilities to modulate cyp_and P-glycoprotien (PgP)*2,
Therefore direct inhibitory effect of high flavonoidal

content of C. oppositifolia on Cyp_and PgP can not
be ruled out.

The studies conclude that aqueous extract of
C. oppositifolia co-administration with amoxycilline
improves the bioavailability. This is reflected from
various pharmacokinetic parameters studied. Since
the increased bioavailability of amoxycilline has
great implication in clinical medicine, co-
administration of isolated products like flavonoids
from C.oppositifolia reduce the amount of the dose
of amoxycilline and its dosing frequency. It is directly
related with patient compliance and adverse effect
of the drug. However careful bioavailability studies
using human volunteers and specific isolated
flavonoid from the plant need to be under taken to
confirm the results obtained.
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Antioxidant and antimicrobial activities of Heracleum
nepalense D Don root

Suvakanta Dash'*, Lila Kanta Nath', Satish Bhise? and Nihar
Bhuyan'

'Himalayan Pharmacy institute, Majhitar, Rangpo, East Sikkim-737132, India. 2Govt College of Pharmacy,
Vidyanagar, Satara, Karad- 415124, India.

Abstract

Purpose: The aim of the present study was to investigate antioxidant and antimicrobial
effects of the methano! extract of Heracleum nepalense D.Don roots.

Method: The antimicrobial effect was determined by agar dilution and disc diffusion method

The free radical scavenging potential was studied by using different antioxidants models of
screening using vitamin E (5mM) as standard.

Results: The crude methanol extract of H.nepalense root was found to be aclive against both
Gram-positive and Gram-negative organisms. The ethyl acetate soluble fraction of the extract
showed similar activity against these organisms. Similarly, the methanol extract at 1000 pg.
mi" and the ethyl acetate fraction at 50 pg. ml™ exhibited significant antioxidant activity in
ferrous sulphate induced lipid peroxidation, 1,1- diphenyl- 2-picryl hydrazy! (DPPH), Hydroxyl
radical and Superoxide scavenging models.

Conclusions: The study confirms the possible antioxidant and antimicrobial potentiality of the

plant extract. Presence of flavenoid alone or in combination with its other components could
be responsible for the activity.

Keywords: Heracleum nepalense, Lipid peroxidation, Superoxide scavenging, DPPH assay,
Antimicrobial effect, Flavonoid.

*Corresponding Author, E-mall: sdash777@sify.com
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Introduction

Reactive oxygen species (ROS) such as
superoxides, peroxides and hydroxyl radicals are
known to play an important role and have been
identified as major contributors to all cell and
tissue damage in many disease conditions’. In
living organisms, various ROS can form in
different ways. Norma! aerobic respiration
stimulates polymorphonuclear leukocytes and
peroxisomes appear to be the main endogenous
sources of most of the oxidants produced by
cells. Exogenous sources of ROS include
tobacco smoke, alcohol, pesticides, certain
pollutants and microbial infections **

In recent years, there has been increased
incidence of antibiotic resistance in pathogenic
organlsms and the persistence of pathogens in
tmmune compromised individuals is of great
concern®. Therefore, actions must be taken to
reduce this problem such as controliing the use
of antibiatics, carrying out research to better
understand the genetic mechanisms of
resistance and continuing investigations aimed

at the development of drugs from natural
sources.

The recent years have witnessed resurgence of
interest in herbal drugs globally as more people
are turning to the use of herbal medicinal
products in health care. About 80% of individuals
from developing countries use traditional
medicine, which involves compounds derived
from medicinal plants. It is high time the hidden
wonders of plant molecules were revived with
the modern tools of target-based screening to
develop newer advanced generation
antioxidants and antimicrobials with novel modes
of action. Antioxidants play an important role in
inhibiting and scavenging free radicals, thus
providing protection to human body against
infection and degenerative diseases.

Heracleum nepalense D.Don (Apraceae) is a
small shrub occurrrng in Nepal and Sikkim °. The
plant is used in vetennary medicine. It exhibits
stimulant property and increases blood pressure
in goats °. The roots of the plant are used in folk
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medicine as digestive, carminative and
antidiarrhoeal (Authors personal experience).
The roots of the plant are reported to have
coumarins © and steroids °. The present study

was aimed at evaluatlng antioxidant and
antimicrobial properties of  Heracleumn
nepalense.

Experimental

Plant materials and phytochemical screening
The fresh dried roots of Heracleum nepalense
(HNSE) were collected from the southern district
of Sikkim. The plant was authenticated by
Botanical Survey of india, Gangtok, Sikkim. The
voucher specimen was preserved in our
laboratory for future reference. The dried roots
were powdered and stored in a well-closed
container. 1 kg of powder (40 mesh size) was
extracted by cold percolation with 3 liters of 70%
viv methanol in a percolator for 72 h at room
temperature ° The residue was removed by
filtration. The extract was then evaporated to
dryness under reduced pressuré in a rotary
.evaporator at 42-45°C. The concentrated extract

of leaves was kept in a dessicator for further
use.

The preliminary phytochemical tests of the root
extract were done by Pollock and Stevense
method '°. Concentrated methanol extract was
suspended in hot distilled water, cooled and the
blast precipitate was fitered off. The filtrate
(aqueous solution) was fractioned by extracting it
successively with petroleum ether, ethyl acetate
and acetone. The ethyl acetate fraction of the
crude extract on purification yielded one major

fraction A (flavonoid) with some fatty
substances.

Chemicals _

Thiobarbituric acid was obtained from Loba
Chemie, India.

1,1-Diphynyl-2-picryl hydrazyl
(DPPH), NADH and nitroblue tetrazolium (NBT)
were obtained from Sigma chemicals, St. Louis,
USA. Deoxy ribose was obtained from Merck
India. Dimethyl sulphoxide, ethylene diamine
tetra acetic acid, ferrous sulphate, trichloroacetic
acid, hydrogen peroxide, ascorbic acid, mannitol,
potassium dihydrogen phosphate, potassium
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hydroxide, deoxy ribose, phenazine
methosulphate were of analytical grade and
were cbtained from Ranbaxy fine chemicals.

Determination of antioxidant activity

Assay of lipid peroxidation
The extent of lipid peroxidation in goat liver
homogenate was measured in vitro in terms of
formation of thiobarbituric acid reactive
substances (TBARS) by usin%] standard method
with minor modifications 2. Goat liver was
purchased from local slutter house. Its lobes
were dried between blotting papers (io remove
excess blood) and were cut into small pieces
with a heavy-duty blade. They were then
homogenized in glass-Teflon homogenizing tube
in cold phosphate buffer saline (pH 7.4). 1t was
centrifuged at 2000 rpm for 10 min and
supernatant was diluted with phosphate buffer
saline up to final concentration of protein 0.8-1.5
mg/0.1 ml. Protein concentration was measured
by using standard method of Lowery et.al 2. To
study the comparative response, the experiment
was divided into nine groups. Liver homogenate
(5%, 3ml) was aliquoted to nine different 35mm
glass petri dishes. The first two groups were
treated as contro! and standard where buffer and
vitamin E were added. In the third to seventh
group, different concentrations of methanol
extract {200-1000 pg.mr'") and fraction A (25, 50
pg.ml') were added. Lipid peroxidation was
initiated by adding 100pl of 15mM ferrous
sulphate solution to 3mi of liver homogenate ',
After 30 minutes, 100 ! of this reaction mixture
was taken in a tube containing 1.5 ml of 10%
Trichloro acetic acid. After 10 minutes, tubes
were centrifuged and supemnatant was separated
and mixed with 1.5m! of 0.67% thicbarbituric
acid. The mixture was heated in a water bath at
85°C for 30 min and in a boiling water bath to
complete the reaction. The intensity of pink
colored complex formed was measured at
535nm in a spectrophotometer (Shimadzu model
1601). The percentage of inhibition of lipid
peroxidation was calculated by comparing the
results of the tast with those of controls as per
the following formula:

Inhibition (%} = [(control - test) x100] / control-—
- Egn 1.
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DPPH radical scavenging activity

DPPH scavenging activity was measured by
spectrophotometric method'. To a methanolic
solution of DPPH {100 pM, 2.95ml), 0.05 ml of
methanol exiract as well as fraction A (25, 80
ng.ml"y and Standard compound (vitamin E)
were added at different concentrations. Equal
amount (0.05 m!) of methanol was added to a
control, Absorbance was recorded at 517nm at
regular intervals of 1 to 5 min. The percentage of
scavenging was calculated by comparing the
control and test samples with the Eqgn 1.

Hydroxyl radical scavenging activity

Hydroxyl radical scavenging activity was
measured by studying the competition between
deoxy ribose and test compounds for hydroxyl
radical generated by the Fe®— ascorbate —
EDTA - H,0; system (Fenton reaction)
according to the method of Kunchandy & Rao .
The reaction mixture containing, a final volume
of 1.0 ml, 100 pl 2-deoxy-ribose, 500 wl of the
various concentrations of the methanol extract
as well as fraction A (25, 50 ug.mi") and
standard compound (Mannitel 50 mM) in
KH;PO,- KOH buffer (20mM, pH 7.4), 200 pl
1.04 mM H .0, and 100 pl 1.0mM ascorbic acid
was incubated at 37 C for 1 hour. One milliliter
1% trichloroacetic acid was added to each test
tube and incubated at 100 C for 20 min. After
cooling to room temperature, absorbance was
measured at 532nm against a control
preparation containing deoxyribose and buffer.
Percent inhibition was determined by comparing

the results of the test and control samples with
the above mentioned Eqn 1.

Superoxide scavenging activity

The superoxide scavenging activity of methanol
extract was determined by the method described
by Nishimik et al 'S, with slight modification.
About 1.0 m! NBT solution containing 156 uM
NBT dissolved in 1.0 ml 100 mM phosphate
buffer, pH 7.4, 1.0 ml NADH solution containing
468 uM NADH dissolved in 1.0 ml 100mM
phasphate buffer, pH 7.4, and 0.1 m! of various
concentration of the methanol extract as well as
fracion A (25, 50 pg.ml') and standard
compound (vitamin E) were mixed and the
reaction was started by adding 100 ul of

Trop J Pharm Res, June 2005; 4 (1)
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phenazine methosulfate solution containing
60uM phenazine methosuiphate in 100 mM
phosphate buffer, pH 7.4. The reaction mixture
was incubated at 25 ‘C for 5 min and
absorbance at 560 nm was measured against
control sample. Percent inhibiton was
determined by comparing the results of the test

and control samples with the above mentioned
Eqn 1.

Antimicrobial activity

Bacteria

A total of 257 bacterial strains belonging to
different genera were tested in this study. The
test organisms were obtained from Department
of Bacteriology, Calcutta School of Tropical
Medicine and Institute of Micrabial Technology

(IMTECH), Chandigarh, India. Three
multiresistant Staphylococcus strains
{ Staphylococcus aureus ML 275,

Staphyloceccus aureus’, NCTC 8530 and
Staphylococcus epidermidis 865) were Kindly
provided by Prof. (Mrs.) Sujata Ghosh Dastidar,
Department of Pharmacy, Jadavpur University,
and Kolkata, India. They were aseptically
isolated and identified by the Barrow and
Feltham's method and preserved in the freeze-
dried state V. Gram- -positive strains were grown
in nutrient broth {NB, Oxoid brand) and Gram-
negative bacteria were grown in peptone water
(PW, Oxoid brand, bacteriological peptone plus
Nacl 0.5%) for 18 h before use.

Determination of antimicrobial activity
Sensmwty tests were performed by disc diffusion
method'®. The nutrient agar plates (Oxmd
brand) contammg an inoculum size of 10%10°
cfuml® of bacteria were used. Previously
prepared crude methanol extract (Concentration
128-2000 pg.mi™) and fraction A (Concentration
128-2000 pg.ml™) discs were placed aseptically
on sensitivity plates. The discs containing
methanol and known antibiotics (Amoxyciliin and
Gentamicin) served as negative and positive
_controls. All the plates were then incubated at
37°C+2°C for 18 h. The sensitivity was recorded

by measuring the clear zone of inhibition on agar
plate around the discs.
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The MICs were determined by the standard agar
dilution method '°. All the test compounds were
dissolved in methancl. These were then
individually added at each final concentrations of
0-2000 pg.ml™, to moiten agar (Oxoid brand),
mixed thoroughly, pH adjusied to 7.2 to 7.4 and
poured into sterile Petri dishes. Bacterial cell
suspensions were spot inoculated on the plates
using a bacterial planter (10 pl). The final
number of cfu inoculated onto the agar plates
was 10? for all strains. The inoculated plates
were then incubated at 37°C+2°C for 18 h. The
lowest concentration of the plate, which did not
shaw any visible growth after incubation, was
considered as MIC. The agar plate containing
only methanol and Amoxycillin was served as
negative and positive control,

Statistical analysis

Data are reported as the mean & SD of three

measurements.  Stalistical analysis was

performed by the student ttest and by ANOVA.

1Csp values for all the above experiments were .
determined by linear regression, method. A p-

value less than 0.05 was considered as
indicative of significance.

Results and Discussion
Antioxidant activity

Assay of lipid peroxidation

The results presented in Table:1 showed that
the methano! extract of the HNSE inhibited
FeSQ, induced lipid peroxidation in a dose
dependent manner. The extract at 1000 ug.ml"
exhibited maximum inhibition (69.25 + 1.21%) of
lipid peroxidation, on the other hand fraction A at
50 pg.ml”* concentrations showed (72.38 +1.9%)
inhibition, nearly equal to the inhibition produced
by vitamin E (Fig 1). The 1Csq value was found to
be 747.5 £3.16 pg.ml™ The inhibition could be
caused by the absence of ferrgl perferryl
complex or by changing the ratio of Fe’* / Fe?* or
by reducing the rate of conversion of ferrous to

feric or by chelatmg the iron itself or
combination thereof %

DPPH scavenging activity
DPPH is a stable free radical that can accept an

electron ar hydrogen radical to become a stable
dimagnetic molecule. Due to its odd electron, the

Trop J Pharm Res, June 2005; 4 (1)
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methanolic soiution of DPPH shows a strong

-39
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Fig 1: Inhibition (%) of lipid peroxidation by
different concentrations of methanol extract of H.
nepalense, Ethyl acetate fraction (FA) and Vitamin
E (VitE).

absorption at 517 nm. DPPH radical reacts with
suitable reducing agents ‘and then electrons
become paired off and the solution loses colour
stoichometrically with the number of electrons
taken up ?'. Such reactivity has been widely
used to test the ability of compound/plant
extracts to act as free radical scavengers.
Reduction of the DPPH radicals can be
observed by the decrease in absorbance at 517
nm. The DPPH scavenging capacity of the
extract was found to be 72.38 £ 3.92 % at 1000
pg.mi*. The fraction A at 50 ug.mi” doses, on
the other hand, exhibited 76.38 + 5.12 %
inhibition compared with 80.48 £ 4.62 % for the
standard drug vitamin E at 5SmM (Table 1). The
ICso value was found to be 65 mg.ml”. The
activity was also dependent on time (Fig 2).

Hydroxyl! radical scavenging activity

Hydroxyl radicals are the major active oxygen
species causing lipid peroxidation and enormous
biological damage Femic-EDTA was
incubated with H,O. and ascorbic acid at pH 7.4.
Hydroxyt radicals were formed in free solution
and were detected by their ability to degrade 2-
deoxy-2-ribose into fragments that formed a pink
chromogen upon heating with TBA at low pH %.
When the test compounds were added "to the
reaction mixture they removed hydroxyl radicals
from the sugar and prevented their degradation.
The extract of HNSE significantly inhibited
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(80.38 * 2.28 %) degradation of deoxy-ribose
mediated by hydroxyl radicals at the dose of
1000 pg.mi” (Table 1), compared to that of a
known scavenger mannitol (50mM). The
concentration of the methanol extract needed for
50% inhibition was 615.57 pg.mI"’. The fraction
A at 50 pg.mi’ on the other hand, exhibited
(78.68 + 2.62 %) inhibition compared with (89.64
+ 2.84 %) for the standard mannitol.

Superoxide scavenging activity
Superoxide radical O; is a highly toxic specie,
which is generated by numerous biological and

photochemical reactions. Both aerobic and
anaergbic organisms possess superoxide
dismutase enzymes, which catalyse the
80 W
< 60 A
>
g 40 A
2 20 ~ A——A——ﬁ——ﬁ"_r—ﬂ
0 T T T T L
1 5 10 20 30 40
Time (min)
Figure 2: DPPH scavenging activity of

H.nepalense, 10mg/ml {0), 7.5mg/ml {A), Smg/m|
{m) and 2.5 mag/mi (a).

breakdown of superoxide radical **. Reduced
phenazine methosulfate assay was used to
measure the superoxide dismutase activity of
HNSE. The results presented in Table 1 showed
that the scavenging capacity of the extract was
60.57  2.34% at 1000 pg.ml”. The fraction at
25 ug.mi" exhibited 68.36 £ 2.73 % inhibition of
superoxide radicals. 1Cs was found to be 8.9
mg.mi*. Inhibition was proportional to the
amaunt of the extract added.

Antimicrobial activity

The methanol extract of HNSE roots exhibited a
significant in vitro antimicrobial activity against
257 Gram-positive and Gram-negative bacteria
including multiresistant Staphylococcus (MRSC)

Trop J Pharm Res, June 2005; 4 (1)
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strains. All the three reference strains of bacteria
were found to be sensitive within 1000 pg.mi™.
The preliminary biclogical screening of the
fractions showed that the ethyl acetate part was
more active than other fractions (Data not
shown). The results of the antimicrobial
spectrum of the roots extract presented in Table
2 showed that out of 257 bacteria, the growth of
197 isolates were inhibited at a concentration of
128 ~ 512 pg.ml™. 57 isolates were resistant up
to 1000pg.mi™, while the remaining 03 isolates
where resistant up to >2000 pg.mi”, the highest
concentration tested. The MICs tests revealed
that 63 out of 75 Gram-positive bacteria were

128 pg.ml”, while they were resistant to the two
test antibiotics. Thus, ethyl acetate fraction may
become clinically relevant, particularly for
antibiotic-resistant strains. However, the activity
has to be studied using isolated pure
compounds from the fraction to which the more
resistant strains were susceptible in order to
confirm these findings.
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Table: 1 Effect of H.nepalenss on different antioxidant models.

Percentage of Inhibition (%)

Concentration
(ng/ml)
Lipid DPPH Hydroxyl radical Superoxide
, Peroxidation radical
1000 ' 89251121 7238 £3.92 80.38 £ 2.28 80.57 £ 2.34
800 51.74 £1.92 60.42 + 3.86 79.54 £1.24 §52.27 £3,18
600 36.36 + 1.84 4552 +3.73 65.37 £ 2.26 40.26 £ 2,16
400 26.57 £3.8 36.46 £ 2.32 46.28 + 1.89 2412 +1.38
200 16.08+4.3 8.47+1.83 3214 +224 12.23 £ 1.42
Vitamin € {5mM) 73.42 %23 80.46 £ 4.62 NT 58.36 £ 2.73
Mannitol (50mM) NT NT 89.64 + 4.62 NT
Fraction A
70.159 1 1.64 71.32+1.85 72.35+2.93 68.36 £ 2.73
25 723819 76.38 £ 5.12 79.68 £ 2.62 68.24 + 1.86
50
(Csg (Hafml) 7475+ 3.16 600.52 + 3.46 615.57 £ 2.16 891.9 £ 1442

Values are mean + S.E.M of 3 replicates. NT: Not tested.

sensitive between 128 and 256 ug/ml (zone
diameter 10-16 mm); while out of 179 Gram-
negative isolates, 120 were sensitive between
256-512 pg.ml’ (zone diameter 10-14 mm).
Hence, it appears that the antimicrobial activity
of the methanol extracts was directed both
against Gram-positive and Gram-negative
bacteria. The ethyl acetate fraction (fraction A)
was also tested for anftimicrobial activity. The
result revealed that all the isolates were
sensitive at 128-256 ug.ml* (Table 3). #t was
interesting o note that all the MRSC were
susceptible to fraction A at a concentration of
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A Flavonoid from the Roots of Heracleum nepalense D. Don
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Majhitar, Rangpo, East Sikkim-737 132, India
E-mait: sdash777@sifv.com

A known flavonol glycoside. namely, quercetin-3-O-B-D-
glucopyranoside, was isolated from the roots of Heracleum
nepalense D, Don. The structure was delermined on the basis of
UV, iR, FAB*, MS, 'H & C NMR spectral data. The isolation is

significant since a flavonoid has not been previously reporied from
the plant,

Key Words: [solation, Quercetin, Heracleum nepalense.

Heracleum nepatense D. Don'™ (Apiaceae) is a small shrub occurring in
Nepal and Sikkim. The plant is used in veterinary medicine. It exhibits stimulant
property and increases the rate of respiration and blood pressure in goats. The
roots of the plant are used in folk medicine as digestive, carminative and
antidiarrhoeal. In our earlier work we have reported the plant having antimicrobial
property. The roots of the plant reported for having coumarins® * and steroids®.
Flavonoids are more commaon throughout the family Apiaceae than other constit-
uents’. Very little research has been conducted on the roots of . nepalense and
nothing has been found concerning the flavonoids, it was of interest to examine
the flavonoid patterns of the species. In this report, we describe the isolation and
structure elucidation of a flavonoidal glycoside from the roots of H. nepalense.
It was identified by spectroscopic techniques®,

The air-dried roots (| kg) were extracted with methanol (70%) and the extracs
was concentrated. treated with hot distilled H,O and filtered. The water-soluble
component was fractionated by extracting it successively with petroleum ether.
ethyl acetate and acetone. The ethyl acetate soluble fraction was concentrated and
then on TLC over silica gel showed three spots. This fraction was submitted 10
column chromatography on sephadex LH-20 column using benzene : ethyl
acetate as eluent with increasing polarity. Fractions 32-46 were combined.
evaporated under reduced pressure, dissolved in MeOH and purified on a silica

1 Governmemt College of Pharmacy, Karad, Satara-415 124, lndia.
1 School of Pharmacy, Rajiv Gandhi Proudyogiki Vishwavidyalaya, Bhopal-462 016. India.



&4

7]

£
——

1582 Dash eral. Asian J. Chem.

gel (60-120) column. From the dry residue of the flavonoid fraction compound
1 (75 mg) was oblained by recrystallization fram MeOH.

Compound I (Quercetin 3-0O-f-D-glucopyranoside)

It was obtained as a pale yellow amorphous powder, m.p 210-214°C, UV
oA nm: 251, 374; +NaOMe 246, 328, 425; +NaOAc-HaBO; 229. 268. 320
sh, 383; IR (KBr, cm™) Vu,: 3648-3611 v(OH), 2904 w(C-H), 1653 w(C==0 in
flavone). 1615-1507 v(aromatic rings), 1456, 1304, 1263; 'H NMR (DMSO-dg).
3 (ppm): 12.48 (1H. S, OH-5), 7.56 (2H, dd. J = 2.2 Hz, H-2' and H-6"). 6.87 (1H,
d, J=8.5 Hz, H-2, H-5"). 641 (IH, d, J=1.9 Hz, H-2, H-8), 6.18 (1H, d.
J=1.9Hz, H-6). 4.92 (1H, d. J=7.3Hz, H-1"), 3.98-3.06 (m, the remaining
protons of glucose); '’C NMR (DMSO-dg). 8 (ppm): 176.05 (C-4), 164.14 (C-7),
160.95 (C-53), 156.4 (C-2}, 147.9 (C-4"), 147.0]1 (C-3’), 135.9 (C-3), 125.8 (C-1"),
122.2(C-6'), 115.3(C-2), 103.2(C-10), 9848 (C- 1"}, 76.97 (C-5"), 76.92 (C-3"),
75.0(C-27). 69.97 (C-4"), 60047 (C-6"y, MS data m/z {rel. int.): 459 (10.2). 415
{15.8), 371 {20.0), 327 (19.2). 303 (98.8), 301 (29.7), 287 (10.2), 277 (12.0), 239
(8.2), 207 (8.0).

The structure of quercetin was established by comparison of measured
UV, NMR and mass spectral data with spectroscopic data available from litera-
ture® '°. The quercetin 3-O-B-D-glucopyranoside showed 'H and '*C NMR data
in full agreement with those given by Olszewska er al." and Irena et al."
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Abstract

Phytochemical investigation on methanol extract of leaves of Colebrookea
oppositifolia led to the isolation of a known flavan-3-ol. Ethyl acetate fraction
of the extract was subjected to coloumn chromatography and monitored by
TLC, resulted a sirgle compound. The compound was established on the
basis of UV, IR, FAB'MS, ‘H, 3¢ NMR spectral and elemental analysis. The
isolated compound was identified as (+)— Catechin-7-O-f-rhamnopyranoside.
This confirmed that Catechin is one of the major bioconstituent of the plant.

Key Words: Isolation, Catechin, Flavan-3-ol, Colebrookea oppositifolia.

Introduction

Colebrookea oppositifolia Smith.
(Lamiaceae) locally known as “Bansa” or
“Dosul” is a monotypic genus of ever green
shrubs or small trees, 1.2-3.6m tall growing
widely in northern and southern slopes of the
Himalayan range of Sikkim at elevation
ranging  between 3000 to 5000 fL
Ethnobotanical studies indicate that the
decoctions of C.oppositifolia leaves and

*Address for Correspondence
E-mail: sdash777@sify.com.
Tel: +91- 94 -341- 37321

stem bark is widely used among the tribal
populations of Sikkim to treat skin infections,
indigestion (Gurung G, 1999), diarrohea (Jain
SP, 1984) wounds and cuts (Manadhar NP,
1995). Alcoholic extracts of leaves is reported
to be useful in asthma (Singh V, 1995),
epilepsy (Paul SR, 1997) and helminthes
(Ansari S, 1982). Harlier reports on the
phytochemistry of C. oppositifolia indicate the
presence of compounds like B-Sitosterol,
Stearic acid (Ansari S, 1982), Quercetin
(Mukherjee PK, 2001), and Baicalein (Ahmad
SA, 1974). The present phytochemical studies
for the first time showed the presence of (+) —
Catechin in the ethyl acetate fraction of the
methanol extract of C. oppositifolia leaves.
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Materials and Methods

UV-Visible spectral analysis was carried out
on a Shimadzu model 1601
Spectrophotometer. TLC was carried out on
polyamide (E.merck & Co) coloumn using n-
Butanol:  Acetic acid:  Water (4:1:5),
Phenol:Water (3:1) and Concentrated Hcl:
Acetic acid: Water (3:30:10) . For coloumn
chromatography Sephadex LLH-20 and Silica
gel 60-120 (SRL, India) were used. Sugar
analysis was carried out according to standard
procedure on Whatman paper No.1 along with
authentic standard sugar samples (Markham
KR, 1982). FAB"MS was recorded on a JEQL
JMS 600 Spectrophotometer. 'H and *C
NMR spectra were recorded at 400 MHz on
Brucker WM 400 Spectrophotometer. The
Infrared absorption spectra of the isolated
compound were taken with Perkin Elmer
FTIR spectrophotometer. Elemental analysis
was made with a Carlo-Erba EA 1110
apparatus. The structure of catechin was
established by comparison of measured UV,
NMR and Mass spectral data  with
spectroscopic data available from the literature
(Markham KR, 1982, Ta-Chen Lin, 1999).

Extraction and fractionation

The fresh dried leaves of C. oppositifolia were
collected from the southern district of Sikkim,
It was authenticated by Botanical survey of
India, Gangtok, Sikkim. The voucher
specimen was preserved in our laboratory for
future reference. The dried leaves was
powdered and stored in a well-closed
container.l kg of powdered plant (40 mesh
size) was extracted by cold percolation with 3
liters of 70% methanol in a percolator for 72 h
at room temperature. The residue was
removed by filtration. The solvents were then
evaporated to dryness under reduced pressure
in a rotary evaporator at 42-45°C. The
concentrated extract of leaves was kept in
dessicator for further use. The methanol
extracts were concentrated, suspended in hot
distilled water, cooled and the blast precipitate

was filtered off. The water-soluble component
was fractionated by extracting it successively
with petroleurn ether, ethyl acetate and
acetone. The ethyl acetate soluble fraction was
subjected to coloumn chromatography on
Sephadex LH-20 coloumn using benzene:
ethyl acetate as eluent with increasing
polarity. Fifty-eight fractions were collected.
[dentical fractions were combined. evaporated
under reduced pressure, dissolved in methanol
and purified on a Silica gel 60-120 coloumn.
From the dry residue of the fractions

compound-I was obtained by recrystallisation
from methanol.

Compound | was obtained as yellow
amorphous solid, m.p. 181-185°C;, UV
(MeOH) Apax 241, 281; +NaOMe 250, 293;
+AlCl; 248, 282; +AlCl;+HC) 280, 314sh,
361sh; +NaOAc 243, 283; +NaOAc 281; IR
(KBr) ymsx cm’. 3480, 1771, 1632, 1606,
1519, 1456, 1029, 'H NMR (DMSO-d, 400
MHz) éppm 2.506 (1H, d, J= 2.0 Hz, 411),
2.699 (1H,dd, J=16 Hz, 4H), 3.476 (2H, m,
5"), 3.787- 3.872 (1H, m, 4"H), 4.393 (1H, d,
J=3.0 Hz, 2"H), 5.698 (1H, d, J=3.0 Hz, 1"H),
6212 (1H, d, J=2.0 Hz, 8H), 6226 (1H, d,
J=2.0 Hz, 6H), 6.591 (1H, dd, J=2.0 Hz, J=7.6
Hz, 6'H), 6.681 (d, J=7.6Hz, 3'H), 6.731 (d.
J=2.0 Hz, 2'H); *C NMR (DMSO. de, 400
MHz): 145.1 (C-2), 130.95 (C-3), 81.23 (C-4),
155.68 (C-5), 94.28 (C-6), 156.75 (C-7), 92.56
(C-8), 156.52 (C-9), 99.46 (C-10), 118.88 (C-
11, 95.51 (C-29, 115.52 (C-3"), 114.78 (C-49,
92.56 (C-5", 91.23 (C-6"), 72.67 (C-1"), 72.25
(C-2™), 70.84 (C-3"), 61.51 (C-4"), 66.63 (C-
5"), 28.51 (C-6"); FAB'MS data (m/z) 581
(3.2), 383 (4.5), 303 (10.0), 291 (100), 274
(18.0), 255 (4.2), 231 (3.3), 207 (5.0).
Elemental analysis (Found: C-54.12; H-4.24.
Ca4H2;0s. Calc. for C-54.13; H-4.23 %)

Results and Discussion

Compound 1 was isolated by repeated
coloumn chromatography on a Sephadex LH-
20 and silica gel 60-120 from ethyl acetate
fraction of C.oppositifolia leaves. Tt was



obtained as yellow amorphous solid. The
complete acid hydrolysis gave Catechin and
glucose (co- TLC). The compound showed
strong absorption at 281 nm in its spectrum,
which implied the presence of phenohic
aromatic rings. The UV spectrum showed
absorption bands reagents shifts of the
compound to be a 7-substituted derivatives.
The absence of free 7-hydroxyl group in the
compound was observed in lack of shift of
band Il in the presence of NaOAc. The IR
spectrum confirmed the presence of aromatic
ring (1632 ¢cm™) and hydroxyl group (3480
em™). The doublets at 6.212 ppm (J=2.0 MHz)
and 6.226 ppm (J=2.0 MHz) in its 'H NMR
spectrum were suggestive of two aromatic
protons existing at the mera positions. The
signals at 6.591 ppm (J=2.0 Hz, }J=7.6 Hz),
6.681 ppm (J=7.6Hz) and 6.731 ppm (J=2.0
Hz) inferred the presence of another set of
aromatic protons existing at 1,3,4 positions.
The signals at 2.506 ppm and 2.699 ... .ad
the double double doublet at 3.476 ppm
suggested that the compound should be a
flavan-3-ol derivative. Existence of a sugar in
its structure was evidenced by the anomeric
proton signal, which appeared at a 5.698 ppm
(J= 3.0 Hz). The coupling constant (J= 3.0 Hz)
of the anomeric proton sugar suggested that
the phenoxy group be attached to the anomeric
carbon atom by B-configuration. The
fragmentation ion at m/z 291 in its mass
spectrum inferred that the compound should
have (+) — Catechin as an aglycone. The
structure of the compound was further
confirmed by "CNMR and elemental analysis
of the available literature. The signals of C-5,
C-7 and C-9 were observed at higher value
than 150 ppm, the signals at 156.75 ppm only
showed correlations with these of H-6 and H-8
(at 6.212 ppm and 6.226 ppm respectively),
we assigned it to C-7. The signals at 155.68
ppm and 156.52 ppm showed correlations
with those of H-6 and H-8 respectively, so we
assigned them to C-5 and C-9 respectively.
The correlation of the anomeric proton signals
at 5.698 ppm with that of C-7 at 156.75 ppm
suggested that the sugar should be attached at
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the C-7 position. The sugar analysis was
carried out along with authentic standard
sugar sample. The result 1s corresponding to
the molecular formula C.4H;:0¢ (confirmed
by elemental analysis). From these data we
concluded that the structure of the isolated
flavonoid was (+)-catechin-7-0O-B-
rhamnopyranoside.
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ABSTRACT

Objective: This study was designed 1o assess the immunostimulaiory activity of
H. nepalense, using different in vitro and in vive experiimental maodels.

Materials and Methods: The immunostimulatory potential of the test compound
was investigated hy in vitro, phagocytic index and lymphocyte viahility wesis, using
imerferon-u-20, a known immunostimulant drug, as the standard, Other tests such
as carbon clearance, antibody 1iter and delayed type hypersensitivity were studied
i mice, using levimasole as the standard.

Results: The dried root extract {1000 pg/miy and isolated quercetin glycoside {50
pg/mi) significamly increased the in vitro phagocytic index and lymphocyte Qiabi'lity

in all assays. They also showed a significant increase in antibody titer, carhon

Slearance and delayed type hypersensitivity in mice.
Conclusion: H. nepalense exhibited a dose-dependent immunostimulam: effect,
which could be anributed 1o the flavonoid content or due to the combination with
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Introduction

Heracleum nepalense D.Don (Aplaceae) is a small shrub
which grows in Nepal and Sikkim. It is used in veterinary
medicing, [t exhibits stimulant property and ingreases the
rate of respiration and blood pressure in goats."! The root of
Lhe plant is used as a digestive, an aphrodisiac, a carminative
amd an antidiarrheal in folk medicine,? We have carlicr
reparted the anvoxidant and antimicrobial propertics of the
plant® H. nepalense was studied for jts potential
immunomaodulatory activity. driven by the presence of its
antimicrobial property, and its vsage in folk medicine.

Immunostimulatory therapy is now being recognised as
an alternative o conventional chemotherapy for a variety of
disease conditions, involving the impaired immune response
of the host." Immunostimulators have been known to support
T-cell functlon, activate macrophages and granulecyies, and
complement natural ¥iller cells apart from affeciing the
prodoction of various effector molecules generated by
activated cells (Paralmmunity).® 1L is expecied that these non-
specific effects offer protection against different pathogens,
including bacteria, fungl, viruses and so on. and constitite an
alternative to conventional chemotherapy® In view of the
above, the present investigation was undertaken to evaluate

other componentis).
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the immunostimulatory potentiai of /1. nepalenseroots, using
in vitro and in vivo models.

Materials and Methods

Plamt material and preparation of extract

The fresh roots (9 kg) of M. aepalense were colleeted from
the southern distriet of Sikkim belween Septomber-
November, 2003, The rools were amhenticate! by the
Botanigal Survey of India, Ganglok. Sikkim. A voucher
specimen was preserved in our laboratory for future
reference. The shade-tried root was ground and yielded
2.5 ke of powder. It was stored in an air-tight, bard
polyethylene container with gilica pouch up to 10-12 days.
One kg of powdered plant (40 mesh size) was exteacted by
cold percolation with 3 liters of 70% methanolina per'coiator
for 72 h, at room temperature. The residue was remgved by
filtration, The solvent was then evaporated to dryness. under
reduced pressure, in a rotary evaporator at 42-453°C and
yiclded 400 mg of extract. The concentraled methanol extracl
was kept in a dessicator for further use.
Plivtochemical studies

The chemical constituents of the methanol extract were
identified by qualitative chemical tests for the presence of
flavenes, tannins, sterols, triterpenoids and saponing (Data



presented).”! The methanol extract was concentrated,
ipended in hot distilled water, cooled and the blast
cipitate was filtered. The water-soluble component was
stionated by extracting it successively with petroleum ether.
yl acetaie and acetone. The etny! acetate soluble fraction
§ subjected to column chromatography on Sephadex LH-
column using benzene:ethyl acetate as eluent with
weasing polarity. Fractions 32-46 were combined,
iporated under reduced pressure, dissolved in MeOH and
rified. on a silica gel (60-120) column. A known flavonol
coside, namely quercetin-3-0-8-D-glucopyrancside, was
dated along with some minor compounds. ™
st compound formulations
Oral suspensions of the extract and isolated compound
ercetin-3-0-[-D-glucopyranoside were prepared by
spending them separately in 1% solution of sodium carboxy
sthyl cellulose to prepare suitable dosage forms,
limals used
Swiss Albine mice of either sex. weighing 17-25 g cach,
sre used. They were housed under standard conditions of
mperature {23x10°%C) and relative humidity (55+10%),
}/12 h light/dark cycle. and fed with standard pellets and
ater ad libitmm. The Institutional Animal kthics Committee
wicwed the animal protocols prior wo the r-xpmmrms
rugs and clicinicals
EDTA, RPMI-1640, Hank’s balanced salt solulion (HBSS),
gxtran, phosphate buffered saline. fetal calf serum,
sreptomycin, penicillin, amphotericin, and Trypan blue were
urchased from Himedia. Phytohaemagglutinin, ficoll
ypaque and L-glutamine were purchased {rom Sigma
iagnostic. USA. Interferon o-2h and levimasole were
btained as gift samples from Fulford (1) Lid. and Khandelwal
aberatories Lid., Mumbai, respectively.
lntigen
Fresh blood was collected from a healthy sheep from the
ycal slaughter house. Sheep red blood cells (SRBCs) were
vashed thrice with normal saline and adjusted to a
:oncentration of 0.1 mi containing 1X108 cells for
mmunisation and challenge.
n vivo carhbon clearance test
The mice were divided into 8 groups. each consisting of
|0 animals. Group ! {Control) was given 1% sodium carboxy
newthyl cettulose in water {0.3 miYmouse, i.p.) for 7 days, Group
[1-¥11i were given different concentrations of methanol extract
(250-1000 mg/ke. p.o.), isolated compound (25. 50 mg/kg.
p.0.) and standord drug {Levimasole 50 mg/kg. p.oy for 7
days. At the end of 7 days, the mice were injected, via the tail
vein, with carbon ink suspension (10 pl/g, body weight). Blood
samples were deawn (in KDTA solution 5 ul), from the
retroorbital vein, at intervals of 0 and 15 min, a 25 ul sample
was mixed with 0.1% sodium carbonate solution (2 ml) and
the absorbance measured at 660 nm. The carbon clearance
was calculated using the following equation: (Log, OD, - Log,
0D,)/15, where OD, and OD, are the optical densitics at 0 and
15 min. respeclively.®
In vivo humoral antibody (HA) titer and delayed (ype
hypersensitivity (DTH) response
Humaoral antibody (HA)
The mice were divided into 8 groups. each consisting of §

mice. Group I (Contral) was given 1% sodium carboxy melhyl
cellulose in water (0.3 ml/mouse) Tor 7 days, (iruupI 1-\'11]
were given drug treatment which was exactly the same as
with the carbon clearance test.

The antmals were immunised by injecting 0.1 ml of SRBCs
suspension, containing 1X 108 cells, intraperitoneally. on day
0. Blond samples were collected in microcentrifuge tubes
from individual animals of all the groups by rt.lmorbita\ vein
puncture on day 8. The bloed samples were ct.mrlftu,cd and
the serum separated. Antibody levels were detcrmlpcd by
the haemagglutination technique.” Briefly, equal volumes of
50 ul individual serum samples of each group were pooled.
Serial two-fold dilutions of pooled scrum samples were made
in 50 gl volumes of RPMI-1640 in microtitration plates. To
this 50 ul of 1% suspension of SRBCin RPMI-1640 wasadded,
After mixing, the plates were incubated at 37°C for 1 h and
examined for haemagglutination under the microscope
{butten formation). The reciprocal of highest dilution. just
before the button formation, was observed and titre! values
were calculated.

Delaved type liypersensitivity test (D11}

On Day 8, the thickness of the right hind footpim was
measured using a Vernier calliper. The mice were then
challenged by injection of 1 X 10° SRBCs in the righ ind
footpad. The footpad Lhickness was mceasurcd again afer
24 h of challenge. The difference between the pre- and post
challenge footpad thickness. expressed in mm, was taken as
a measure of the DTH response @

{n vitro phagocytic index

Prepacation of microorganism

Fischerichia coli 832 (F. cofi) was grown and kepl on a
slope of solid agar medium. Before use. the microorganism
was cultured [n 100 ml of 2,5% nutrient broth {oxoid) for
about 18 h at 37°C. The culture was then washed lwlce with
phosphate buffer saline and re-suspended in gelatin-HBSS
to a concentration of 1 X 107 cells/ml. During cach ctpcnmcnt
the number of viable microorganisms was determined
microbiologically by counting colony forming units (cfu), using
nutrient agar plates after incubation, at 37°C for 18 '

Preparation of hnman polymorphonuciear leukocytes
{(PMNCS)

Human blood was collected from a local blood bank and
tne RBCs removed by sedimenation in 5% (w/v) solution of
dextran in buffered saline (m.w, 200,000: 3 ml of solution to
10 m! of blood) for 30 min at 37°C. The PMXC-rich
supernatant layer was washed twice with hepariti-saline,
cancentrated by centrifugation (10 min at 110 @), counted
wilh a hemocytometer. and suspended in gelatin-HESS Lo
make up a concentration of 1 X 107 celis/ml.

Microbiolvgical assay for the phagocytosis

To assess phagocytosls, different concentralions of
methanol extract (250-1000 pg/ml), lts isolated compound
(25, 50 pg/mil) and the slandard drug, Interferon a;-2h (0.5
million IU), in the final volume of 0.1ml, werc in'cubul.cd
respectively with 2 ml of the PMNCs suspension {1 X 107
cells/ml). 2 ml of the suspended microorganisms 0 X 1w
cells/ml) and 0.4 ml of fetal calf serum at 37°C for 1 h in 5%
CO,atmosphere in a slanting position. AL 30 min mlervals up
to ‘120 min, 0.5 ml aliquot of the suspension was removed



and added to 1.5 mi of the ice-cooled gelalin-HBSS o stop
phagocylosis. The control was run using gelatin-HBSS In place
of the test compounds. These sumples were centrifuged at
110 g Tor 4 min. Under this condition, the non-ingested
microorganisms remained in the supernatant fluid. The viahle
count, of the microerganisms was undertaken using the colony
counter'’. Phagocytosis was expressed as the percentage
decrease in the initial number of viable extracellular bacteria
according to the formula: P (1) = (1 - N./N)) x 100, where
P (t) is the phagocytie index at time t = . N, and N, are the
qumber of viable extra cellular bacteria at timet = Qandt =
20, 80, 80 and 120 min, respectively'
I vitro cell profiferation assay

‘This test was performed with peripheral mononuclear
blood cells, following their separation from the blood by using
ficoll-hypaque gradient cenirifugation, according to
mantfacture's instructions (Sigma Diagnostic, USA). The rate
of proliferation of mononuctear cells. under the influence of
mitogens. was measofed by the method of Sriwanthana,"™®
with miner modification, Briefiy. under sterile conditions, the
cells were diluted to 1 X 107 cells/ml with RPMI-1640
{supplemented with 20% fetal calf serumn). The cell suspcnsion
(2 ml) was transferred into a sterile culture tube and to each
sample. Different concentrations of the plant extract (250-
1000 pg/ml. filtered through 0.22 n pore size fiiter), isolated
compound (25, 50 pg/ml) and standatd drug Interferon
2-2b (0.5 million TU). in the final volume of 0.1 ml, were
added, respectively. The proliferation of cells was induced by
50 ¢l phythaemagglutinin (PHA, 0.1 mg/ml). The prepared
samples were incebated for 72 h al 376G in o G atmosphere,
supplemented with 2 mM L-glutamine, 100 pg/ml
streptomycin, 100 units/ml penicillin and 0.25 pg/ml
amphatericin. The cantrol incubated with cells minus the plant
extract. The viability of the cells was assessed after incubation
with test compounds, using the Trypan blue dye exclusion
method ' Briefly, 20 ul of the Incubation mixture was mixed
with 20 ul of Trypan blue dye. The total number of
mononuciear cells and monenuclear stained blue (dead cells)
were counted under an inverted microscope {Dlympus,
Japan), using the hemocytometer. The percentage of cell
viability was taken as a measure of cell proliferation and
calculated as per the following formula:"™

Total number of cells ~ Total number of dead cells
% of cell viabllity =

X100
Total number of cells

Similarly, the percentage of cell stimulation was calculated
as per the following formula:*¥

Viabilly of test - Viabifily of control
% of cell stimulation =

X100
Viability of contrel
Statistical analysis
Stastical analysis was performed using onc-way ANOVA,

followed by Dunneit’s test. The significance in difference was
accepted . P < 05, ’

Results

The methanol exteact, 260-1000 we/kg, pao. and iy
isolaled compound, 25 and DO mu/ke, pu. exhibited o
significant increase in carbon clearance from the blood in a
dose-dependent manner. [Table 1] The doses of west deugs,
for which maximum carbon clearance were sedn, are
methanol extract {1000 mg/kg) and its isolalf..d compound
{50 mg/kg). The results (Table 1) also indicate {hat animals
treated with 250, 750 and 1000 mg/kg of methanot root
extract produced a significant increase in HA titer (humoral
immunity) as evident from hemagglutination arm‘ incubation
of servim with SRBCs, while the isolated u:mpnuntl aL 50
mg/kg and levimasale (50 mg/kg) showed 32862104 and
430.06+8.3 HA titer, respectively. In the 1YTH response {cell
mediated immunity} test, the methano! extract at higher doses
{750 and 1000 ma/kg) showed a statistically significanl
increase in mean paw edema in mice. The {solated compount
at 50 mg/kg. on the other hand. exhibited the mmdmum DTH
response of 0.50+0.22 compared with 0. 57+0 21 for the
standard drug, levimasole.

The effects of methano! extract {250-1000 p,g/mn and its
isolated compound {25-50 ug/ml) on the phagocytic index
model are presented in Table 2. The phagocytic index was
significanty increased in a dose-dependent m:m'ncr afier 30,
60, 90 and 120 min intervals with methanol extract as woll as
its isolated compound. Maxtmumn phagocylie index was
observed at 1000 pg/mi (97.86x1.67) of mcuianol cxtracl
and 50 pg/ml (07.24%1.23) of its isolated compnund afier
120 min of incubation; whereas the standard compound
Inerferon «-2h exhibited maximum phagocytic index
(99.23+1.11} after 120 min. The results of th*prollﬁ,mtm
response. on the basis of the cell viability of mononuclear
cells to the PHA mitogen. are presented in Table 3. The
percentage of viability of PH- activated monaonuclear cells
was slgnificantly Increased at 1000 pg/ml of the root extracl.
compared with the control. The maximum viability (60.4+4.58
%) was noticed at standard drug Interferon «-2b: whereas

Tablel

Effect of methanal raot extract of Heracleum nepalense and
tsolated compound an immunostimulatary activity in mice

Troatmont

Carbon HA titor " omH
(mg/kg) clearance response
Control 0.068£0.012 8043221 0.26:0.10
Extract 250 0.122+0.016* 185.3 £3.31° 0.39 £0.13
500 0.1321+0.014* 172.7 £0.1* '0.28 £0.13
750 0.14610.016* 282.6 8.1 0.43 £0.10¢
1000 0.158+0.018* 320.8 £10.6° 0.48 £0.21°

Levimasole (50) 0.164:0.016* 430.06 £8.37 0.57 £0.21*
IC (25) 0.156+0.016* 224.2 18.3 '0.48 10,22
IC (50) 0.160+0.G18* 32B6 +10 4° 0500 22°
Qna-way F 230 5231 6.432
ANQVA P 0.05 Q.05 Q.45

[ — - —_————

Values are mean+SEM; n=6 in each group: df=7.40. *P<0.05.in comparison
with ¢ontrol. IC: [sofated compoynd.




Table 2

Effact of methanol root extract of Heracfeum nepalense and

isolated compound on phagocytic index of polymorphonu-
clear leukocyte

Concentration

{ugiml}

Phagocytic index (%)
60 min

30 min 90 min 120 min

Contro! 61.14£1.26 97.2621.52 B84.32:1.69 92.2511.83
Extract 250 63.531£1.52% 78.5411.18" 85.7421.43* 04 2711.86*
500 64,12£1.18* 79.2311.21* BG.23£1.24* 9567£2.33
750 67.38£1.24" B8152£1.42° BB.15:1.86* 96.55¢183
1000 69.54£1.12* 83.261£1.37* 91.18£2.14* 97.86+1.67°

Interferon  70.2711.64* 84.14+1.32* 094.521+1.65* 99.23%1.11*

a-2b

IC 25 69.54£1.12* 82.86£1.45*° 90.9611.14* 96.4211.420
50 70.27+1.64* 83.09%1.51* 91.14%1.62* 97.24+1.23

One-way F 1.123 1.154 1.272 1.526

ANOVA P 0.05 0.05 0.05 0.05

Valuss are meantSEM; n=6 in each group; di=7,40. *P<0,05 in campafison
with control. IC:Isolated compound.

Table 3 '

Effect of methanol root extract of Heracleum nepalense and
isolated compound on mononuclear cell proliferation

Treatment (pg/mi) Parcentage Stimulation (%)
viabiiity of cefls {%)
Controt 50.7110.42 o]
Extract 250 47.614.42° (- 6.11)
500 49.815.42* - 1.77)
750 49,014 45 (-~ 3.35)
1000 56.318.94* {+11.04)
Interferon a-2b 60.414 58 [+19.13)
G 28 56.916.62* {+12.22)
50 58.214.53* (+14.79)
One-way F 5.830
ANOVA P 0.05
Values are meantSEM; n=6 in each group; df=7,40. *P<0.05 in comparison
with contvol. IG:Isclated compound, *+° indicates increase and “=" Indi-
cates d in cell stimulation.

the isclated compound at 50 pg/mi concentration showed
58.2+4.53 % viability. Further, the methanel extract at 1000
pg/ml and its Isolated compound at 50 pg/ml concentration
showed 11.04 % and 14.73% cell stimulationg, respectively,

as compared with Interferon a-2b, for which it was observed
as 18.13%.

Discussion

The present study established the immunostimulatory
activity of the methanol extract and its isalated compound.
Prophylactic treatment of Hacpadense and its isolaled

compound enhanced the rate of carbon clearance from the
blood (more than a two-fold Increase) when compared with
the countrol group. The result is gwing to a mechanism related
to phagocytosis hy macrophages. The | process of
phagocytosis by macrophages includes opsonisation of the
foretgn particulnte matter with antibadics and complenient
C3b. leading to a more rapid clearance of forcign particulate
matier from the blood™. H.uepaiense was founii Lo stimulale
the phagocytic activity of Lthe macrophages as evidenced by
an increase in the rate of carbon clearance.

The methanol extracl, at a dose of 1000, mg/ky, body
weight showed almost a Tour-fold increase in HA tiler,
compared to untreated controls. The isolated cbmpound also
pronounced significant activity at a dose of 50 mg/kg body
weight, This could be due Lo the presence of flavonoids which
augment the humoral responsc, by stimulating the
macrophages and B-lymphocytes subscls involved in
antibody synthesis.' The DTH response, which directly
correlates with cell-mediated immunity (CMI), was found to
be the highest at the maximum dose tested in the root extract
{1000 mg/kg). The mechanism behind this elevated DTH
during the CM! responses could be due to sensitised T-
lymphocytes. When challenged by the antigen, they are
converted to lymphoblasts and secrete a variety of molecales
including proinflammatory lymphokines, attracting more
scavenger cells to the site of reaction.!"™ The infiltrating cells
argé probably immobilised to promote defensive
{inflammatory) reaction."” An increase in DTH response
indicates that the root extract of H.oepalense snd ils isololed
compound have a stimulatory effect on lymphocyles and
accessory cell types required for the cxpression af the
reaction'¥

The in vitre Immunostimulatory activity of the methanol
extract and its isolated compound was Lestéd on human
polymorphonuclear and mononuclesr cells. The phagocylosis
and intracelluiar killing of microorganisms by
polymorphonuclear phagocytes was determined by the direct
measurement of the microbicidal activity."2 Phagocytosis was
expressed as the phagocytic index, in which the percentage
decrease in the Initial number of viable extracellular bacteria
was determined microbiologically after incubation with
poiymorphonuciear jevkocyles. In our study. the phagocytic
index of M, nepalense root extract was found to be increased
in a time~ and dose-dependent manner. The isolated
compound (50 ug/mi) and root extract (1000 gZa/ml) showed
significant phagaocytic index as compared Lo control.

Further, the immunostimulatory effect of the extract and
its isolated compound was tesied in mitogen-activated
cultured mononuclear cells. PHA was used to activate the
mononuclear cells In the cuiture. The mitogenic PHA are
polyclonal activators. in that they activate mononucicar cells
including memory type cells, irrespective of their antigenic
specificity.' The root extract (higher concentrations) and its
isolated compound caused a significant stimulation of the
mononuclear cells. This is attributed to the lact that the
methanel exiract and its isolated compound may stimulate
the PHA-activatcd mononuciear cells and inthice the release:
of cell proliferating Tactors such as interenkin and TRFo

sarlier reports on e phylochemistry ol I nepalense



indicate the presence of compounds such as stercids and
coumaring. We have isolated a known flavonoid, quercetin
glycoside, from the plant.® However, there is no report on
the pharmacological activity of the plant. Conlemparary
research revealed that querccetin glycoside, isolated from
different herbal spurces, has several pharmacological actions
such as antioxidant, anticancer, antiulcer, antiinflammatory
and antiviral.™ Recent reports indicate that several types of
Navonols stimulate human peripheral blood leukocyte
proliferation, They significantly increase the activity of helper
T cells, cytokines, interleukin 2. y-interferon and macrophages
and are therehy useful in the treatment of several discases
caused by immune dysfunction.®"1t is thus apparent that the
immunostimulatory effect produced by the methanol extract
of H.nepalense, containing quercetin glycoside, may be due
Lo ¢ell mediated and humoral antibody mediated immune
responses.

The present finding provides scientific evidence 1o the
ethnomedicinal use of this plant by tribals in Sikkim. The
plant H.nepalense has the potential for new therapeutic
applications in the future,
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