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ABSTRACT 

This study was aimed to evaluate the elfect of Colebrookea oppositifolia on bioavailability of 
amoxyci\line. A-sensitive, rap.id and precise High Performance Liquid Chromatography (HPLC) method 
was used to measur;the•concentration of amoxycilline in plasma samples collected for 24 hours 
following different administration of ·drugs in rabbits. Pharmacokinetic parameters, including Em~· 

Cm~· K,,, AUC, t,n 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 
extract on microsomal enzymes or enzymes systems. 

:eywords: Co/ebrookea oppositifo/ia, Bioavailability, 
;yp,, PgP, Flavonoids. 

NTRODUCTION 

Co/ebrookea oppositifolia (Family: Lamiaceae) 
~ommonly known as 'Bans a' or'Dosul' is a mono typic 
)enus of evergreen shrubs or small tree, 1.2 to 3.6m 
.all growing widely in Northern and Squthern slopes 
)fthe Himalayan range of Sikkim at elevation ranging 
)etween 3000-5000 ft. It has been reported to be 
;seful in the treatment of various diseases like, 
asthma 1, epilepsy2 tumor', and CNS disorders'. 
Various substances are present in the plant e.g. 
llavonoids, 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 attempt to investigate the 
effect of high flavonoidal content of aqueous extract 
of 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. oppositifol•a 
were collected from the southern district of the ___. 
Sikkim. It was authenticated by Bolilnical sur~,~ey 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 1 Og of dried leaf powder in 1 OOml 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 yield of the 
water extract was about 9g from 1 Og dried leaves. 
Chemical tests were performed lo confirm lhe 
llavonoid in the extract.' 

Animals 

Albino rabbits, (Himalayan Pharmacy Institute) 
weighing between 1 .5-2 kg of either sex were used 
in the bioavalability studies anil albino mice, 
(Himalayan Pharmacy Institute) be,tween 20 - 25g 
for toxicity studies. All the animals were housed 
under standard conditions of temperature (27°C ± 

3°C), 12hr/12hr light/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 
\nimal Ethics Committees of the Jadavpur University, 
<olkatta. 

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 extracts te'sted for toxicity 
study '(BOO mg/kg p.o) was selected for evaluation of 
activity.' 

Acute toxicity studies in rabbits 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 (1 OOmg/kg) 
orally. The second group received Extract of C. 
oppositifolia (BOO mg/kg) orally with amoxycilline. 
The third group received C. oppositifolia (BOOmg/ 
kg) extract orally and 30min later amoxycilline 
(100mg/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 marginill ear vein by 1 ml syringe, with 26" gauge 
needle (Disposable) at different time intervals (0, 
0.1, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12 and 24 hrs) 
following the antibiotic troatrncnt. Blood snmrlos 
were centrifuged at 2000 rpm for 20min. Thereafter 
the samples were separated and transferred to 
clean, dry vials and kept at 20°C until analyzed by 
developed HPLC method. All the samples were 
coded and labeled properly. 

Pharmacokinetic Analysis 

C and t !or antibiotic were determined directly 
max malt 

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~=0.693/Kel equation. 
The significance between the respective treatment 
groups was calculated by paired student's 't' test. 

RESULTS 

The serum concentration versus time IJrolile ol 
amoxycilline administered with or· without aqueous 
extract of C. oppositifolia is outlined in Table I. The 
study was taken in single dose, cross o.ver 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 II. In this 
interactive study, in all three treatment categories 
the absorption process was completed with median 
tm., of 2.58 (S.D.± 0.08), 1.98 (S.D ± 0.15) and 1.75 
(S.D.± 0.10) hrs for amoxycilline, aqueous extract 
of C. oppositifolia + af'(loxycilline and C. oppositifolia 
+ amoxycilline (30minutes later) respectively. 

Aqueous extract of C. oppositifolia pretreatment 
induced a significant (P<O.OS) shift in t of 

mO< 

amoxycilline. This indicates that the prior treatment 
of the aqueous extract of C. oppositifo/ia has altered 
the tm,. significantly as compared to C. oppositifolia 
+ amoxycilline together. Thus the aqueous extract 
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Table l: Effect of Co-administration of Aqueous Extract of Colebrookea oppositifolia on Serum 
Concentration of Amoxycilline [Values expressed as pg/ml, are mean :1: SD] 

Sl. No. Time of Amoxycilllne C.oppositifolia C.opposltlfol/a 
collection (100mg/kg} (800mg/kg}+ (800mg/kg} 

(hrs} Amoxycllline + Amcixycilllne 
(100mg/kg} (1 00mg/kg)30 mlns 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. 1.5 26.28±0.410 45.50±0.267 62.34±0.591 

5. 2.0 32.39±0.607 58.21 ±0.237 58.41±0.656 

6. 2.5 37 .08±0.394 54.47±0.227 55.35±0.408 

7. 3.0 34.22±0. 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 15.63±0.282 

13. 12.0 5.05±0.115 1 0.80±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 Pharmacoklnetic Paramete.rs (Values expressed as pglml, are mean ± SD} 

Sl. No Treatment 

1. Amoxycilline 
(100mglkg) 

2. C.oppositifolia 
{800mglkg) 

3. 

+ Amoxycilline 
(100mglkg) 

C. oppositifolia 
(800mg/kg) + 
Amoxycilline 
{100mglkg) 
30minutes later 

c,., (pg/ml) t,, (hr) AUC (pg.hr/ml) . k• 

2.58±0.08 37.08±0.34 3.39±0.08 248.69± 1.723 0,2044± 0.008 

1.98±0.15 58.38±0.316 4.015±0.139 429.29±1.968 0,1727±0.006 

1.58±0.04 62.34±0.591 4.29±0.140 475.15±3.28 0.1616±0.005 

The data based on three separate experiments with sll!~~~~ roup. P values. <0.05 . 
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:. oppositifo/ia shows the time dependent effect 
the gastrointestinal absorption of the drug. The 

ribution phase of the amoxycilline in all three 
s of the experiments was fairly short i.e. 
,centration decay being evident within 2 hr. of the 
19 administration. Comparison of other 
trmacokinetic parameters (Table II) revealed 
t there were significant differences in peak 

ibiotic levels attained (em.,) or mean elimination 
f life (t~). Comparison of AUC showed that higher 
urn levels of amoxycilline were achieved in the 
>up treated with C. oppositifo/ia + amoxycilline. 
mparison of the serum concentration time curve 
g.1) of each administration shows significant 
lerences of amoxycilline present in the blood. 
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Time in hrs 
........._ Amoxycilline alone 

~ C.oppositifolia+Amoxycilline 

...- C.oppositifolia+Amoxycilline (30 mins later) 

:g. 1 : Comparative Mean Plasma Amoxycllline (1 OOmg/ 
l) Concentration versus Time Profile for Rabbits treated 
ith Amoxycil\ine (100mglkg)and Aqueous Extracts of 
'olebrookea oppositifolia at various Time Intervals 

IISCUSSION 

The present experimental findings in animal 
>Xperimen\s were clearly indicated that concurrent 
tdministration of aqueous extract of C. oppositifolia 
;igni!icantly enhances the bioavailability of 
Lmoxycilline. The analysis of various 
Jharmacokinetic parameters \max, Cmax K t 

' el' 'f.l 

1.nd AUG point out that aqueous extract of 
::;. oppositifo/ia might influence the different 
Jhysiological process like alteration in gastric 
:ransportorabsorption process. Again it was reported 
that aqueous extract of C. oppositifolia has flavonoid 
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as the major chemical constituent'·'. In recent years, 
flavonoids have attracted increasing interest due to 

their various pharmacological effects and additional 
abilities to modulate cyp,and P-glycoprotien (PgP)9•12• 

Therefore direct inhibitory effect of high flavonoidal 
content of C. oppositifolia on Gyp, andPgP can not 
be ruled out. 

The studies conclude that aqueous extract of 

C. oppositifo/ia 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 !lavonoids 
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 
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Abstract 

Purpose: The aim of the present study was to investigate antioxidant and antimicrobial 
effects of the methanal extract of Herac/eum nepalense D.Dan 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 methanal extract of H.nepalense root was found to be active ag,ainst both 
Gram-positive and Gram-negative organisms. The ethyl acetate soluble fraction of the extract 
showed similar activity against these organisms. Similarly, the methanal extract at 1000 llg. 
mr' and the ethyl acetate .fraction at 50 llg. mr' exhibited significant antioxidant :activity in 
ferrous sulphate induced lipid peraxidation, 1,1- diphenyl- 2-picryl hydrazyl (DPPH), Hydroxyl 
radical and Superoxide scavenging models. 
Conclusions: The study confirms the possible antioxidant and antimicrobial potentiality of the 
plant extract. Presence of flavonoid alone or in combination with its ather components could 
be responsible far the activity. 

Keywords: Heracleum nepalense, Lipid peraxidatian, Superaxide scavenging, DPPH assay, 
Antimicrobial effect, Flavonoid. 
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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 1• In 
living organisms, various ROS can form in 
different ways. Normal 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 2

'
3

• 

medicine as digestive, carminative and 
antidiarrhoeal (Authors personal experience). 
The roots of the plant are reported to have 
coumarins 7 and steroids '. The present study 
was aimed at evaluating antioxidant and 
antimicrobial properties of Herac/eum 
nepalense. 

In recent years, there has been increased 
incidence of antibiotic resistance in pathogenic 
organisms and the persistence of pathogens in 
immune compromised individuals is of great 
concern4

• Therefore, actions must be taken to 
reduce this problem such as controlling the use 
of antibiotics, 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 modem 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 (Apiaceae) is a 
small shrub occurring in Nepal and Sikkim 5

• The 
plant is used in veterinary medicine. It exhibits 
stimulant property and increases blood pressure 
in goats 6

• The roots of the plant are used in folk 

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% 
v/v methanol in a percolator for 72 h at room 
temperature 9 .The residue was removed by 
filtration. The extract was then evaporated to 
dryness under reduced pressure 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 10

• Concentrated methanol extract was 
suspended in hot distilled water, cooled and the 
blast precipitate was filtered 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 Leba 
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 obtained from Ranbaxy fine chemicals. 

DPPH radical scavenging activity 

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 (TSARS) by usin~ standard method 
11 with minor modifications 2. Goat liver was 
purchased from local slutter house. Its lobes 
were dried between blotting papers (to 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 ). It was 
centrifuged at 2000 rpm for 1 0 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 13

• 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 control and standard where buffer and 
vitamin E were added. In the third to seventh 
group, different concentrations of methanol 
extract (200-1000 J.lg.mr1

) and fraction A (25, 50 
J.lg.mr') were added. Lipid peroxidation was 
initiated by adding 1 OOJ.ll of 15mM ferrous 
sulphate solution to 3m I of liver homogenate 14

• 

Alter 30 minutes, 100 Ill 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 supernatant was separated 
and mixed with 1.5ml of 0.67% thiobarbituric 
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 test with those of controls as per 
the following formula: 
Inhibition(%)= [(control- test) x100]/ control
-- Eqn 1. 

DPPH scavenging activity was measured by 
spectrophotometric method14

• To a methanolic 
solution of DPPH (1 00 J.IM, 2.95ml), 0.05 ml of 
methanol extract as well as fraction A (25, 50 
J.lg.mr1

) and Standard compound (vitamin E) 
were added at different concentrations. Equal 
amount (0.05 ml) 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 Eqn 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 Fe3

•- ascorbate -
EDTA - H20 2 system (Fenton reaction) 
according to the method of Kunchandy & Rao 15

• 

The reaction mixture containing, a final volume 
of 1.0 ml, 100 J.ll 2-deoxy-ribose, 500 J.ll of the 
various concentrations of the methanol extract 
as well as fraction A (25, 50 J.lg.mr1

) and 
standard compound (Mannitol 50 mM) in 
KH2PO•- KOH buffer (20mM, pH 7.4), 200 Ill 
1.04 mM H 20 2 and 100 J.ll 1.0mM ascorbic acid 
was incubated at 37•c for 1 hou'r. 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 16

, with slight modification. 
About 1.0 ml NBT solution containing 156 !lM 
NBT dissolved in 1.0 ml 1 00 mM phosphate 
buffer, pH 7.4, 1.0 ml NADH sol'ution containing 
468 J.IM NADH dissolved in 1.0 ml 100mM 
phosphate buffer, pH 7.4, and 0.1 ml of various 
concentration of the methanol extract as well as 
fraction A (25, 50 J.lg.mr1

) , and standard 
compound (vitamin . E) were mixed and the 
reaction was started by adding 100 Ill of 
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phenazine methosulfate solution containing 
60(.1M phenazine methosulphate 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 inhibition 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 Microbial Technology 
(lMTECH), Chandigarh, India. Three 
multiresistant Staphylococcus strains 
(Staphylococcus aureus ML 275, 
Staphylococcus 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 17

• 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 
Sensitivi!Y tests were performed by disc diffusion 
method18

• The nutrient agar plates (Oxojd 
brand), containing an inoculum size of 105-106 

cfu.ml"1 of bacteria were used. Previously 
prepared crude methanol extract (Concentration 
128-2000 (.lg.ml"1

) and fraction A (Concentration 
128-2000 (.lg.ml"1

) discs were placed aseptically 
on sensitivity plates. The discs containing 
methanol and known antibiotics (Amoxycillin and 
Gentamicin) served as negative and positive 

The MICs were determined by the standard agar 
dilution method 19

• All the test compounds were 
dissolved in methanol. These were then 
individually added at each final cODCentrations of 
0-2000 Jlg.ml"1

, to molten agar (Oxoid brand), 
mixed thoroughly, pH adjusted 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 (.II). The final 
number of cfu inoculated onto the agar plates 
was 104 for all strains. The inoculated plates 
were then incubated at 3rC±2'C for 18 h. The 
lowest concentration of the plate, which did not 
show 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. Statistical analysis was 
performed by the student t-test and by ANOVA. 
1C50 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 

. 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. 

The results presented in Table,1 showed that 
the methanol extract of the 11NSE inhibited 
FeS04 induced lipid peroxidation in a dose 
dependent manner. The extract .at 1000 (.lg.ml"1 

exhibited maximum inhibition (69.25 ± 1.21%) of 
lipid peroxidation, on the other hand fraction A at 
50 (.lg.ml"1 concentrations showed (72.38 ±1.9%) 
inhibition, nearly equal to the inhibition produced 
by vitamin E (Fig 1 ). The IC50 value was found to 
be 747.5 ±3.16 (.lg.mr'· The inhibition could be 
caused by the absence of' fer~i-perferryl 
complex or by changing the ratio of Fe • I Fe2

• or 
by reducing the rate of conversion of ferrous to 
ferric or by chelating the iron itself or 
combination thereof 20

• 

DPPH scavenging activity 
DPPH is a stable free radical that can accept an 
electron or hydrogen radical to become a stable 
dimagnetic molecule. Due to its odd electron, the 
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methanolic solution of DPPH shows a strong 

Concentration of test compound• 
(IJ9/ml). 

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

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 21

• 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 
llg.ml"1

• The fraction A at 50 llg.ml"1 doses, on 
the other hand, exhibited 76.38 ± 5.12 % 
inhibition compared with 80.46 ± 4.62 % far the 
standard drug vitamin E at 5mM (Table 1). The 
IC50 value was found to be 6.5 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 22

• Ferric-EDTA was 
incubated with H20 2 and ascorbic acid at pH 7.4. 
Hydroxyl 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 23

• 

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 

(80.38 ± 2.28 %) degradation of deoxy-ribose 
mediated by hydroxyl radicals at the dose of 
1000 llg.ml"1 (Table 1 ), compared to that of a 
known scavenger mannitol (50mM). The 
concentration of the methanol extract needed for 
50% inhibition was 615.57 llg.ml"1

• The fraction 
A at 50 llg.ml"1 on the other hand, exhibited 
(78.68 ± 2.62 %) inhibition compared witih (89.64 
± 2.84 %) for the standard mannitol. 

Superoxide scavengi!Jg activity 
Superoxide radical 0 2 is a highly toxic specie, 
which is generated by numerous biological and 
photochemical reactions. Both aerobic and 
anaerobic organisms possess superoxide 
dismutase enzymes, which catalyse the 

80 
~ 

~ 
;ft 60 
~ 

>. 40 ~ - 20 !..) 

<: 
0 
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Figure 2: OPPH scavenging activity of 
H.nepalense. 10mg/ml (o), 7.5mg/ml (.&.), Smg/ml 
(•) and 2.5 mg/ml (II). 

breakdown of superoxide radical 24
• Reduced 

phenazine methosulfate assay was used to 
measure the superoxide dismutase activity of 
HNSE. The results presented in Table 1 showed 
tihat the scavenging capacity of the extract was 
60.57 ± 2.34% at 1000 llg.ml"1

• The fraction at 
25 llg.mr' exhibited 68.36 ± 2.73 % inhibition of 
superoxide radicals. ICso was found to be 8.9 
mg.ml"1

• Inhibition was proportional to the 
amount of the extract added. 

Antimicrobial activity 
The methanal extract of HNSE roots exhibited a 
significant in vitro antimicrobial activity against 
257 Gram-positive and Gram-negative bacteria 
including multiresistant Staphylococcus (MRSC) 
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strains. All the three reference strains of bacteria 
were found to be sensitive within 1000 flg.ml"1

• 

The preliminary biological 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 flg.m1'1• 57 isolates were resistant up 
to 1000~tg.mr', while the remaining 03 isolates 
where resistant up to >2000 11g.mr1, the highest 
concentration tested. The MICs tests revealed 
that 63 out of 75 Gram-positive bacteria were 

128 11g.ml'1 , 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.nepalense on different antioxidant models. 
Percentage of Inhibition(%) 

Concentration 
(pg/ml) 

Lipid DPPH Hydroxyl radical Superoxide 
Peroxidation radical 

1000 69.25± 1.21 72.38±3.92 80.38:1:2.28 60.57:1:2.34 
800 51.74 ± 1.92 69.42 ± 3.86 79.54 ± 1.24 52.27:1:3.18 
600 36.36 ± 1.84 45.52:1:3.73 65.37 ± 2.26 40.26:1:2.16 
400 26.57 ± 3.8 36.46 ± 2.32 46.28:1:1.89 24.12 ± 1.38 
200 16.08 ± 4.3 8.47 ± 1.83 32.14:1:2.24 12.23 ± 1.42 

Vitamin E (5mM) 73.42 ± 2.3 80.46 ±4.62 NT 68.36 ±2.73 
Mannitol (50mM) NT NT 89.64 ± 4.62 NT 

Fraction A 
70.15 ± 1.64 71.32 ± 1.85 72.35 ± 2.93 68.36 ± 2.73 

25 72.38 ± 1.9 76.38 ± 5.12 79.68 ± 2.62 68.24 ± 1.86 

50 
IC50 (pglml) 747.5 ±3.16 600.52 ± 3.46 615.57 ± 2.16 891.9 ± 14.42 

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

sensitive between 128 and 256 ~tglml (zone 
diameter 10-16 mm); while out of 179 Gram
negative isolates, 120 were sensitive between 
256-512 j.lg.mr1 (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 antimicrobial activity. The 
result revealed that all the isolates were 
sensitive at 128-256 11g.mr' (Table 3). It was 
interesting to note that all the MRSC were 
susceptible to fraction A at a concentration of 

India for providing the research facility. 
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NOTE 

A Flavonoid from the Roots of Heracleum nepalense D. Don 

SUVAKANTA DASH*, SATISH BHISEt 

LILA KANT A NAT!\ and SNEHENDU BHATTACHARYAt 

Department of Pharmacy, Himalayan Pharmacy Institute 
Majhilar. Rangpo, East Sikkim-737 132,/ndia 

E-mnil: .w1ash777@sify.com 

A known navonol glycoside, namely, quercetin-3-0-J}-D· 
g\ucopyranoside, was iso\ated from the roots of Herac/eum 
nepalense D. Don. The structure was determined on the basis of 
UV, IR, FAB\ MS, 1H & DC NMR spectral data. The isolation is 
significant since a flavonoid has not been previous\y reported from 
the plant. 

Key Words: [solation, Quercetin, Heracleum nepalense. 

Heracleum nepalense 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 coumarins4

· 5 and steroids6 . 

F\avonoids are more common throughout the family Apiaceae than other constit
uents"'. Very little research has been conducted on the roots of H. 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. nepalenH'. 
It was identified by spectroscopic techniques8• 

The air-dried roots (I kg) were extracted with methanol (70%) and the extract 
was concentrated. treated with hot distilled H20 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 lLC over silica gel showed three spots. This fraction was submitted to 

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 

t Governmem College of Pharmacy. Karad, Salara-415 l24. lndia. 
+School of Pharmacy. Rajiv Gandhi Proudyogiki Vishwavidyalaya, Bhopal-462 016. India. 
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gel (60-120) column. From the dry residue of the Oavonuid !'ruction compouna 
L (75 mg) was obtained by recrystallization from MeOH. 

Compound I (Quercetin 3-0-P-D-glucopyranoside) 

It was obtained as a pale yellow amorphous powder, m.p 210-2!4°C·. UV 
m.,/..MoOH nm: 251, 374; +NaOMe 246, 328, 425; +Na0Ac-H,B03 229. 268. 320 
sh, 383; IR (KBr. cm- 1

) """': 3648-3611 v(OHJ, 2904 v(C-HJ, 1653 v!C=O in 
flavone). 1615-1507 v(aromatic rings), 1456, 1304, 1263; 1H NMR (DMSO-d6). 

o (ppm): 12.48 ( IH. S, OH-5), 7.56 (2H, dd. J = 2.2 Hz, H-2' and H-6'). 6.87 (I H. 
d, J = 8.5 Hz, H-2. H-5'), 6.41 (IH, d, J = 1.9 Hz, H-2, H-8), 6. I 8 (I H. d. 
J = !.9Hz, H-6). 4.92 (I H. d, J = 7.3Hz, H-1 "), 3.98-3.06 (m, the remaining 
protons of glucose); "c NMR (DMSO-doJ, o (ppm): 176.05 (C-4), 164.14 (C-7), 
160.95 (C-5), 156.4 (C-2), 147.9 (C-4'), 147.oJ (C-3'), 135.9 (C-3). 125.8 rC-1'). 
122.2 (C-6'), 115.3 (C-2), 103.2 (C-10), 98.48 (C-1"), 76.97 (C-5"), 76.92 (C-3"). 
75.0 (C-2"). 69.97 (C-4"), 60'.47 (C-6"); MS data m/z (rei. int.): 459 (10.2). 4!5 
(!5.8). 371 (20.0), 327 (19.2). 303 (98.8). 30! (29.7), 287 (10.2). 277 (!2.0). 239 
(8.2), 207 (8.Q). 

The structure of quercetin was established by comparison of measured 
UV, NMR and mass spectral data with spectroscopic data available from litera
ture9· 10. The quercetin 3-0-P-D-glucopyranoside showed 1H and "c NMR data 
in full agreement with those given by Olszewska el a/." and Irena e1 a/. 12 
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Abstract 

Phytochemical investigation on methanol extract of leaves of Co/ebrookea 
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 sirlgle compound. The compound was established on the 
basis of UV, IR, FAB+MS, 1H, 13C NMR spectral and elemental analysis. The 
isolated compound was identified as(+)- Catechin-7-0-P-rhamnopyranoside. 
Tbis confirmed that Catechin is one of the major bioconstituent of the plant. 

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

Introduction 

Colebrookea oppositijolia 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 ft. 
Ethnobotanical studies indicate that the 
decoctions of C.oppositifolia leaves and 

• Address for Correspondence 
E-mail: sdash777fa)sifv.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). Earlier reports on the 
phytochemistry of C. oppositifo/ia indicate the 
presence of compounds like ~-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. oppositiji1lia 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: I 0) . For coloumn 
chromatography Sephadex LH-20 and Silica 
gel 60- I 20 (SRL, India) were used. Sugar 
analysis was carried out according to standard 
procedure on Whatman paper No.I along with 
authentic standard sugar samples (Markham 
KR, 1982). FAB+MS was recorded on ·a JEOL 
JMS 600 Spectrophotometer. 1H and 13C 
NMR spectra were recorded at 400 MHz on 
Brucker WM 400 Spectrophotometer. The 
Infrared absorption spectra of the iso.lated 
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. oppositifo/ia 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.! 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 hlast precipitate 

was filtered off. The water-soluble component 
was fractionated by extracting it successively 
with petroleum ether, ethyl acetate and 
acetone. The ethyl acetate soluble fraction was 

' subjected to coloumn chromatography on 
Sephadex LH-20 coloumn (ising benzene: 
ethyl acetate as eluent with increasing 
polarity. Fifty-eight fractions ,were collected. 
Identical fractions were combined. evaporated 
under reduced pressure, dissolycd in methanol 
and purified on a Silica gel 60-120 coloumn. 
From the dry residue of the fractions 
compound-! was obtained by recrystallisation 
from methanol. 

Compound was obtained as yellow 
amorphous solid; m.p. 181-185°C; UV 
(MeOH) Amax 241, 28!; +NaOMe 250, 293; 
+AlCh 248, 282; +AlCh+HCl 280, 314sh, 
361sh; +NaOAc 243, 283; +NaOAc 281; IR 
(KBr) 'Ymax cm-1

• 3480, 1771, 1632, 1606, 
1519, 1456, 1029; 1H NMR (DMSO-d(, 400 
MHz) oppm 2:506 (I H, d, J~ 2.0 liz, 411), 
2.699 (1H,dd, J=16 Hz, 4H), 3.476 (2H, m, 
5"), 3.787- 3.872 (I H, m, 4"11), 4.393 (IH, d, 
J=3.0 Hz, 2"H), 5.698 (I H, d, J=3.0 Hz, I "H). 
6.212 (IH, d, J=2.0 Hz, 8HJ, 6.226 (IH, d, 
1=2.0 Hz, 6H), 6.591 (I H, dd, ·1=2.0 Hz, J=7.6 
Hz, 6'H), 6.681 (d, J=7.6Hz, S'H), 6.731 (d. 
J=2.0 Hz, 2'H); 13C NMR (DMSO. d6, 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;IO), 118.88 (C-
1'), 95.51 (C-2'), 115.52 (C-3'), 114.78 (C-4'), 
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 (rnlz) 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. 
C24H220s. Calc. for C-54.13; H-4.23 %) 

Results and Discussion 

Compound I was isolated by repeated 
coloumn chromatography on a Sephadex LH-
20 and silica gel 60-120 from ethyl acetate 
fraction of C.oppositifolia leaves. It 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 phenolic 
aromatic rings. The L.; V spectrum showed 
absorption bands reagents shifts of the 
compound to be a 7-substi tutcd derivatives. 
The absence of free 7-hydroxyl group in the 
compound was observed in lack of shift of 
band II in the presence of NaOAc. The IR 
spectrum confirmed the presence of aromatic 
ring ( 1632 em .J) 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 1 H NMR 
spectrum were suggesti ve of two aromatic 
protons existing at the meta positions. The 
signals at 6.59 I ppm (J=2.0 Hz, J==7 .6 Hz). 
6.681 ppm (J=7.6Hz) and 6.73 1 ppm (1=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 ,..: ~-' . .1d 
the do uble double double.J. at 3.476 ppm 
suggested that the compourH..I should be a 
flavan-3-ol derivati ve. Existence o f a sugar in 
its structure was evidenced by the anomeric 
proton signal. which appeared at a 5.698 ppm 
(J= 3.0 li z). 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 ~-configuration. The 
fragmentation ion at m/z 2<) I in its mass 
spectrum inferred that the compound should 
have ( +) - Catechin as an aglycone. The 
structure of the compound was further 
confirmed by 13CNMR and elemental analysis 
of the avai lab le literature . The signals of C-5, 
C-7 and C-9 were observed at higher value 
than ISO ppm, the signals at 156.75 ppm only 
showed correlations with these of l-l-6 and l-l -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 respecti vely. 
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 he attached at 
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the C-7 position. The sugar analys is was 
carried out along with authentic standard 
sugar sample. The result is corresponding to 
the molecular fo rmula C24H2208 (confirmed 
hy elemental analysis). h om these data we 
concluded that the strut:tun: ur the isolated 
flavonoid was (+ }-catechin-7-0-~

rhamnopyranosidc. 
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Stimulation of immune function activity by the alcoholic rqot 
extract of Heracleum nepalense D. Don 
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Objective: Th'1s study was designed to assess the imrnunostirnul<llory activlly of 
H. nepalense. using different in vilro and in vivo <:xperirnl.!nl<.~l rruJdL'h. 

Materials and Methods: The immunostimulatory potential of the test compound 
was investigated by in vitro, phagocytic index antilymphocyte viilhility u~sts, uo;mg 
interieron-a-2b, a known immunostimulant drug, as the standard. Other tcsts such 
as carbon clearance, antibody titer and delayed type hypersensitivity wt're studiL•d 
m min~. using levimasole as the standard. 
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Results: The dried root extract {1 000 1-Jg/ml) and isolated quercetin glycoside (SO 
J.lg/ml) significantly increased the in vitro phagocytic index and lymphocyte ~iability 
'1n all assays. They also showed a significant increase in <Jntihody titer, carhon 
Clearance and delayed type hypersensitivity in mice. 
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Conclusion: H. nepalense exhibited a dose-dependent immunostimul.:mt effect, 
which could be attributed to the flavonoid content or due to the combination with 
other component(s). 

) KIY WORDS: Cell proliferation, immunosllmulation, HIV. 

Introduction 

Heracleum nepnleuse D.Oon {Aplaceae} is a small shrub 
which grows in Nepal and Slkkim. It is used in veterinary 
medicine. It exhibits sLimulanL property and increases the 
rate or respiration and blood pre .. ">surc in goats.•11 The root or 
the plant is used as a digcsllvc. an aphrodisiac. a carminative 
mul llll anLhJiarrli<:;JJ in fulk mmlic:ine.l:o!l Wt: havr: t:;Jrli<:r 
reported the antioxidant and antirnicroblal properties or the 
ptant.\31 1-J. ncpalcnsc was studied for its potential 
immunomodulatory activity. driven by the presence of its 
antimicrobial property, and Its usage In fo!J.: medicine. 

lmmunosllmulatory therapy is now being recognised as 
an alternative lO conventional chemotherapy for a variety of 
disease conditions. Involving the Impaired immune response 
of the host.J4llmmunostimulators bave been known to support 
T-cell function, activate macrophages and granulocytes. and 
complement natural killer cells apart from affecting the 
production of various effector molecules generated by 
activated cells {Paralmmunlt)•).';f It is expected that thC..'it! non
specific effects offer protection <Jgalnsl different pathogens, 
including bacteria, fungi. viruses and so on. and constitute an 
alternative to conventional chemothcrapy.f61 In \iew of the 
above. the present investigation was undertaken to evaluate 

the lmmunostlmulatory potential of II. ncpalcl/scroo~. using 
in 1·itro and ill 1'i1'0 models. 

Materials and Methods 

Plant maLerial and pn:pm'lJlitm of c:\·tlilf'l 

The frc.'ih roots (9 J..:g) of II. ncpalcnscwcre collectecl from 
the southern rlist.rlct of SiJ..:klm hetw«:t:n St~ptnmll1:r~ 
!\flvcmbcr. 2003. 'l'hc root:-) were uuthentlciltl:tl ·llY \he 
Botanical Survey of India, GangLok. Sikkim. A voucher 
specimen was prescn•ed in our laboratory fnr future 
reference. The shade-tlried root was ground and yicldt~rl 
2.5 kg of powder. It was stored in an ~ir-tlght. hard 
polyethylene container with silica pouch up to 10~ 12 days. 
One kg of powdered plant (40 mesh siz.c) was cxll'ahcd by 
cold percolation with 3 liters or 70% metl>anol in a percolator 
for 72 h. at room temperature. The residue was remqved by 
filtration. Tile solvenL was then evaporated to dryness. under 
reduced pressure, in a rotary evaporator at 42-45°C and 
yielded 400 mg of extract. The conccntl'alcd mettmnol oxtr'<Jct 
was kept in a dcssicator for fm'lfwr use. 
P/JytocJJCmical studies 

The chemical constituents of the methanol extract were 
Identified by qualitative chemical tests ror the DI'CSCOCC or 
flavones. tannins. sterols. trltcrpcnoids and Sflponins (Data 



presemed).l7l The methanol extract was concentrated. 
:ponded in hot distilled water. cooled and the blast 
cipitate was filtered. The water-soluble component was 
~tionatcd by extracting it successively with petroleum ether. 
yl acetate and acetone. The ethyl acetate soluble fraction 
s subjected to column chromatography on Sephadex LH
column using benzene:ethyl acetate as eluent with 

:reaslng polarity. ~·ractions 3:1.-46 were combined. 
1porated under reduced pressure. dissolved In MeOH and 
rtfted. on a silica gel (60-120) column. A known flavonol 
coslde. namely quercetin-3-0-~-D-glucopyranoslde. was 
1latcd along with some minor compounds.llll 
'it compound formulatioJJs 
Oral suspensions of the extract and isolated compound 

ercetin-3-0 .. p-D-glucopyranoslde were prepared by 
spending them separately in 1% solution of sodium carboxy 
'thy\ cellulose to prepare suitable dosage forms. 
1imals used 

Swiss Albino mice or either sex. weighing 17-25 g each. 
~rc used. 'llmy were housed undc:l' st:mdard conditions nf 
mperature {23±10()C) and relative humidity {55±10%). 
!/12 h light/dark cycle. and fed with standard pellets and 
ater ad Jihit.um. The Institutional Animal ~:thics Committee 
~viewed the nnlma1 protoco\s prior to tnr: experiments. 
rugs at1d c/Jcmica/s • 

EDTA. RPMI-1640. Hank·s balanced salt solution (HBSS). 
extran. phosphate buffered saline. fetal calf serum, 
:reptomycln, penicillin. amphotericin. and Trypan blue were 
urchased from Himcdia. Phytohaemagglutinin. ficoll 
ypaque and L-glutamine were purchased (rom Sigma 
'iagnostic, USA. Interferon cr-2b and levlmasolc were 
btalned as gift samples from Fulford (1) Ltd. and Khandelwal 
aboratorlcs Ltd .. M.umbai, respectively. 
luUgen 

Fresh blood was collecLCd from a healthy sheep from the 
Jcal slaughter house. Sheep red blood cells (SRBCs) were 
vashed thrice with normal saline and adjusted to a 
:oncentratlon of 0.1 ml containing 1XI08 cells for 
mmunlsation and challenge. 
'n l'iWJ carhtJtl clmmuu:c: tesl 

The mice were divided into 8 groups. each consisting of 
10 animals. Group I (Control) was given 1% sodium carbox-y 
:neth)1 cellulose in water (0.3 mVmouse. i.p.) for 7 days, Group 
11-Vlll were given different concentrations of methanol extract 
(250-1 000 mg/kg. p.o.l. Isolated compound (25. 50 mg/kg. 
p.o.) and standard drug (Levimasole 50 mg/kg. p.o.) for 7 
days. At the end of 7 days, tile mice were injected. via the tail 
vein, with carbon ink suspension (1 0 p.l/g, body \\'t:ight). Hlood 
samples were drawn (in J<:DTA ~olutiun 5 J.Lil, from the 
rctroorbltal vein, at Intervals of 0 and 15 min. a 25 ,ul sample 
was mixed with 0.1% sodium carbonate solution (2 mil and 
the absorbance measured at 660 nm. The carbon clearance 
was calculated using the following equation: (Log, OD,- Log, 
OD,)/15, where OD, and OD, are the optical densities at 0 and 
15 min. respectively.191 
In 11m humoral antibody (1/J\J tiler and delayed type 
ltyperseiJSiCMt;• (Dl'HJ respollse 

Humoral anlil>ndy (/U\) 
The mice were divided Into 8 groups. each consisting of 6 

mice. Group I (Control) was ~ivcn 1'*• soclium carhuxy ,methyl 
cellulose In water (0.3 ml/mouscJ for 7 d<Jys. Group 11-\'111 
were given drug treatment which was exactly the sJme as 
with the carbon clearance test. 

lhe animals were immunised by injecting 0.1 ml of SRBCs 
suspension, containing 1 X 108 cells. intra peritoneally. 

1
on day 

0. Blood samples were collected in microccntrifugc: tuhe.c; 
from Individual animals of all the groups by rctroorbtlat vein 
puncture on day 8. The blood samples were ccntrifug~d and 
the serum separated. Antibody levels were determined bv 
the haemaggtutlnatlon technique.'" Briefly. equal volumes ~r 
50 JLI individual serum samples of each group weJ'e pooled. 
Serial two-fold dilutions of pooled serum samples wcl'e mnde 
in 50 JLI volume..;; of RPMI-1640 in microtitration plates. To 
this 50J.LI of 1% suspension ofSRBC In RI,MI-1040 was'acldecl. 
After mixing, the plates were incubated at 37°C fo1· i h and 
examined for haemagglutlnatlon under the microscope 
(button formation). The reciprocal of highest dilution. just 
before the button formation. was observed anrl titrc~i vnlues 
were calculated. 

Delayed lype IIJ'pCt'SetJsili\·ily ll!.'il (/)'11 /J 
On Day 8, the thickness of the righl hind footpud was 

measured using a Vernier calliper. The mice wcfe then 
challenged by injection of 1 X 1 oR SRRCs in liH~ ri~hl hind 
footpad. The footpttd thickness was measured agaiu after 
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.uo1 
In rilro plJagocytic index 

Pl'Cparalion of microorganism 
EscJwriclJ/a coli 832 (fo:. coli) was erown and k(!pl un a 

slope of solid agar medium. Before usc:. tim microor:.:anism 
was cultured In 100 ml of 2.5% nutricnL broth (u,.bid) for 
about 18 hat 37°C. The culture was then washed twice with 
phosphate buffer saline and re-suspended In gelatln-HBSS· 
to a concentration of 1 X 107 cells/mi. Duling each cxpdMmcnt. 
the number of viable microorganisms was dctc·rmincd 
microbiologically by counting colony forming units (cfu). using 
nutrient agar plates after incubation. at 37°C ror 18 h.1••1 

Pl'cpamtion of lllti1Wtl poJ.vmm1Jhml/Jr:lt:ill' Jt:ukm.:1·tr:s 
IPMNCsJ , 

Human blood was collected from a local blood bank and 
the RBCs removed by sedimentation in 5% lw/V) solution of 
dextran in buffered saline (m.w. 200,000: 3 ml of solution to 
10 ml of blood) for 30 min at 37"C. The P~1:\C-rich 
supernatant \ayer was washed lwice wilh heparill-saline. 
concentrated by centrifugation {10 min at 110 el. co1m1c~d 
with a hemocytometer. and suspc:mh:d in ~dalln-IIBSS \.0 

make up a concentration of 1 X t ()1 cells/rnl. 
Microbio/ugical assay for llw pllagm:rtosis , 
To assess phagocytosis, different concentrations of 

methanol extract (250-1000 JLg/ml), Its Isolated c<~mpound 
(25, 50 JLg/ml) and the standard drug, Interferon a-2h (0.5 
million IU). In the final volume of 0.1 ml, were inb1hatcd 
respectively with 2 ml of the PMI'iCs suspension (t X tO' 
cells/ml). 2 ml or the suspended microorganisms 'n X 10' 
cellS/mil and 0.4 ml of fetal calf serum at 37'C for ( h in 5% 
C0

2 
atmosphere in a slanting position. At 30 min int~rvals up 

to 120 min. 0.5 ml aliquot of the suspension was removed 



and added to 1.5 ml ur Lhc lee-cooled gclalin-HBSS to stop 
phagocytosis. The control was nUl using gC!Ialin-IIBS? In plnr.c 
ur U1c test compnunds. Ttu!se sampl!!S were centnrugcd iJL 
11 o g ror 4 milL Under this condlllon. the non-Ingested 
microorganisms remained in the supcmatant nu_id. TilC via hi~ 
count or the microorganisms was undertaken usmg the colony 
countcru. Phagocytosis was expressed as tile percentage 
decrease in the initial number of viable extracellular bacteria 
according to the formula: P (t) = (1 - 1'\/l'i,l x 100, where 
p (t) Is the phagocytic Index at lime t = t. 1'\, and N, are the 
number of viable extra cellular bacteria at time t = 0 and t = 
30, 60.90 and 120 min, respectively.'"' 
In \'iti'fJ cell pmJifcratiun tJSl-iiJ.~' 

This Lest was performed with peripheral mononuclear 
blood cens. foUowing their separation rrom the blood by using 
llcoll-hypaque gradient centrifugation. according to 
manufacture's Instructions (Sigma Diagnostic. USA). The rate 
or proliferation of mononuclear cells. under the Influence of 
mltogens. was measured by the method of Sriwanthana.'"' 
with minor modification. Briefly, under stertle conditions, the 
cells were diluted to 1 X I O' cells/ml with RPMI-1640 
(supplemented with 20% fetal calf serum). The cell suspensl?n 
(2 ml) was tmns!erred into a sterile culture tube and to each 
sample. Different concentrations of the plant extract 1250-
1000 "g/ml. filtered through 0.22" pore size mter). isolated 
compound (25. 50 l'g/ml) and standard drug Interferon 
cx-2b (0.5 million !U). in the final volume or 0.1 mi. were 
added, respectively. The proliferation of cells was induced by 
50 ,..1 phythaemagglutlnin (PHA. 0.1 mg/ml!. The prepared 
s:un,Jic:s wc:ro lru:uh;JLc;rJ for 72 h ttl :17"t; it1 :J C:02aLrnmilllu~n~. 
supplemented with 2 mM L-gluLaminc. 100 1-1-g/ml 
streptomycin. 100 units/ml penicillin and 0.25 l'g/ml 
amphotericin. The control Incubated with cells minus the plant 
extract. The vtabU\ty of the cells was assessed after incubation 
with test compounds. using the. Trypan htue dye (>.xctuslon 
method.l 141 Brieny. 20 ""' or the Incubation mixture was mixed 
with 20 Ill of Trypan blue dye. The total number of 
mononuclear cells and mononuclear stained blue (dead cells) 
were counted under an inverted microscope {Olympus. 
Japan). using the hemocytometer. The percentage of cell 
vlabillty was taken as a measure of cell proliferation and 
calculated as per the following rormula:l151 

Total number of cells - Total number of dead cells 
% ol cell viabmty = X 100 

1ola1 number of cells 

Similarly. the percentage of cell stimulation \\'as calculated 
as per the following formula:l51 

Vrabitily ol lest -Viability of control 
'Yo o1 cell stimulation = ·----- X 100 

Viabili\'j ol corl\fol 

SI.:UistieaJ mmly:-;i:-; 

Results 

Tht! mcthanut t~xtnu·t. 2:->0-1 000 111~/J.;'-\. Jl.ll. and lts 
isolated compound, 2:> and 50 nH.VIq~. p.tL t~xhihit(~tl a 
significant Increase in carbon clearance rram the hlnad in a 
dose--dt:ptmdcnt manm:r. ITah\t: I I Tl11: tlnses nr lt~st th'Uf.!S. 
for which maximum carbon ch:arancc wt:r,e st:t:n. arc 
methanol extract (1000 mg/kg) and Its lsolat~d compound 
(50 mglkg). The rt,sults [!'able I) also indicate 

1
that animals 

treated with 250, 750 and 1000 mglkg of m~thanol root 
extract produced a significant increase In HA t\ter (humoral 
Immunity) as evident from hemagglutirwtion aft~r incubation 
of serum with SRBCs, wttilc tile isolated compouruJ m 50 
mg/kg and Jcvlmasnle (50 mg/kgJ shnwc:d :J2n:.G::t 10.·1 and 
430.06±8.3 HA titer, respectively. In the IJTH response (cell 
mediated immunity) test. ttlc meth<Jnol extract atlli:.!lwr dnsc·s 
(750 and 1000 mg/kg) showed a statistically significant 
Increase In mean paw edema In mice. The Isolated compound 
at 50 mglkg, on the other hand. exhibited the mflxlmum DTH 
response of 0.50:!:0.22 compared with 0.57±0.21 for the 
standard drug, levtmasole. : 

The effects of methanol extract (25Q-1 000 J!giml) and Its 
isolated compound (25-50 Jlg/ml) on the phagocytic index 
model are presented In Table 2. 1'hc phagocyt~c index was 
slgniticantly increased in a dose-dependent man

1
ner after 30. 

60,90 and 120 min intervals '"ith methanol extract as wen as 
·ns isolated compound. Ma.xirnurn phagocyll~ index was 
observed at 1000 l'g/ml (97.86± 1.67) of met11anol extract 
and 50 l'g/ml (97.24 ± 1.23) or its isolated co~pound aftCI' 
120 mfll of JncllhfltiOII: W}U:fC:;JS lilt: Sl:JIIf)ill"d f:UIIIJIOU/Ifl 
lnLcrfcrou u-2b cxiii!Jltf:d maximtnll plw~t}eytlr: I11Ch!X 
(99.23::t 1.11} after 120 min. The results of thel proliferative 
response. on the basis of the cell ,;ability or mononuclear 
cells to the PHA mitogen. are presented in Table 3. The 
percentage of viability of PH- activated monn~uclcnr t:(~Jis 
was significantly Increased at 1000 ~-tWml or thc;t·oot cxtmct. 
compared \\101 the control. The maximum Viabllltj' (60.4 ±4.58 
%) was noticed at standard drug Interferon a-2b: whereas 

Table1 

Effect of methanol root extract of Heracleum mipafense and 
Isolated compound on tmmunostlmulatory act~vity \n micG 

Treatmont Carbon HA titer DTH 
(mgtkg) clearance :response 

Control 0,068:!::0.012 80.43 ±2.21 ;0.28 ±0.10 

Extract 250 0.122±0.016• 185.3 ±3.31 1 0.39 ±0.13 

500 0.132±0.014• 172.7 ±D. 1" 0.28 t0.13 

750 0.146±0.016• 282.6 ±8.1' 0.43 ±0.10• 

1000 0.158±0.018• 320.8 ±10.6• 0.48 ±0.21 1 

Levimasole (50) 0.164±0.016• 430.06 ±8.31 p.57 ±0.21• 

JC (25) 0.156±Q.016a 324.2 ±8.3 '0.48 t0.22 

IC (50) 0.160t0.018• 328.6 t 10 4• 050t0'}'J' 

Stat.istical analysis was pt!rfurmcd using ont:-way AI'\ OVA. 
followed by Dunnett's trst. 'fhe s\~n\ficmlc('- \n dlfference was 

One-way 

ANOVA 

F 230 
p 0.05 

5231 6.432 

0.05 0.05 
------

acccptm1 nt. P < .05. · Values are mean:tSEM: 11'=6 in eaCh group; c:lf'07.40. 'P<0.05,in comparisoo 
with control. IC: Isolated compouna. 



Table 2 

Effect of methanol root extract of Heracleum nepalense and 
isolated compound on phagocytic index of polymorphonu· 
clear leukocyte 

Concentration 

(~glml) JQ mln 

Cor.ttol 61.1411.26 

Extract 250 63.53±1.52• 
500 
750 
1000 

Interferon 

u-2b 

IC 25 
50 

64.12±1.18" 

67 .38±1.24" 

69.54±1.12• 

70.27±1.64• 

69.54±1.12• 
70.27±1.64• 

F 1.123 

p 0.05 

Phagocytic Index (%) 

60 ml.n 

97.26±1.52 
78.54:t:1.18• 

79.23±1.21 1 

81.52±\.421 

83.26±1.37• 

84.14±1.32• 

82.86±1.45• 
83.09±1.51" 

1.\54 

0.05 

90 mln 

84.32'11.69 

85.74%1.43• 

86.23 ±1.24• 

86.\5:1:.1.86• 

91.18±2.14• 

94.5211.65• 

90.96±1.141 

91.14±1.62• 

1.272 

0.05 

120 min 

92.25±1.83 
94.27±1.86• 

95.67 ±2.33• 

96.55t1.63• 
97.86±1.671 

99.23±1.11" 

96.42 ±1.42• 
97 .24±1.231 

1.526 

0.05 

Values are meantSEM; n:6 In each group; df=7,40. •P<0.05 In compari5on 
with control. IC:lsolated compound. 

Table 3 

Effect of methanol root extract of Herac/eum nepalense and 
isolated compound on mononuclear cell proliferation 

Treatment (pglml} Percentage Stlmulatlot1 (%) 
viability of cells (%) 

Control 50.71:10.42 0 

Ex!ract 250 47.6±4.42• (- 6.11) 

500 49.8:t5.42• (- 1.77) 

750 49.0"t4.45" (- 3.35) 
1000 56.3:t8.94' (+11.04) 

Interferon n-2b 60.4±4.58" (+19.13) 

IC25 56.9±6.62" (+12.22) 

50 5.8.2±4.53• (+14.79) 

One-way F 5.630 

AN OVA p 0.05 

Values are mean~SEM: n=6 In each group; df=7,40. •P<0.05 in comparison 
witt\ conttot. IC:Isolatetl compound. "+' Indicates Increase and ·-· lndi· 
cates decrease in cell &timulatlon. 

tho lsolat.r.d compound at 50 ,..glml concentration showed 
58.2±4.53% viability. ~'urther, the meUmnol extract at 1000 
p.glml and lts Isolated compound at 50 ,..glml concentration 
showed 11.04 %and 14.79% cell st\mulations. re...:;.pcclivcly, 
as compared \vith Interferon cx-2b, for which it was observed 
as 19.13%. 

Discussion 

'!'he present study C."itahlished the lmmunostimulatory 
act\v\ty of ll\e mclhano.l extract ancl iL"i i~cdatcd compound. 
Prophylac:tl<: Ln:atmc:nt or 11.1/f:JI:Jit:II.W: IUid Its lsulawd 

compound enhanced the rate of carbon clearance from the 
blood (more than a two-fold increase) when compared with 
the contrOL group. The result is O\\ing to a mechanism related 
to phagocytosis by macrophagcs. The I process of 
phagocytosis by macrophages includes opsonisation or thr 
foreign particulate nmtt(:l' with anL!Iunti(:s and ewnt•lt:nwnt 
C3b. leading to a more rapid cJeal'ancc of fnr-ei~-:n particui<He 
matter from the hlood'2 • /1.1/t!palc;mw was foun(l to stimulaw 
the phagocytic activity of the macrophagcs as c\idenccd by 
an increase In the rate of carbon clearance. 

The methanol extract. at a liose nf 1 01)1), Jllg/k/.:. holly 
weight showed almost a four-fold lncrtmse in IIA tilt!r. 
compared to untreated controls. The Isolated cOmpound also 
pronounced significant activlly at a dose of 50 mg./kg body 
weight. This could be due to the presence or Oavonoids which 
augment the humoral response. by stimulating the 
macrophagcs and B-lymphocytcs subsets involved In 
antlbady synthesis.l 10

l The DTH response, which directly 
coiTelates with cell-mediated immunity (CMI), was found to 
be I he highest at the maximum dose tested In the ruot extract 
(1000 mg/kg). The mechanism behlnd this elevated OTH 
during the CMl responses could be due to sensitised T
lymphocytes. When challenged by the antigen, they arc 
converted to lymphoblasts and secrete a varlety of molcculr,, 
including prolnflammatory lymphoklncs, attracting more 
scavenger cells to the site of reaction.'"! The Infiltrating cells 
are probably immobillsed to promote defensive 
(Inflammatory) rcaction.l 17J An increase in 11TH responso 
indicates U1aL U1c root 1~xtract of JJ.tU:Jmlmlst:a~td ils isulaWII 
compound have a stimulatory effect on lymphocytes aud 
accessory cell types requir-ed for the expression nf the 
rcact1on.1 1a1 

The Jn \'itro immunoslimulatory activity of the methanol 
extract and its Isolated cnrnpnund wns wst(!d on human 
polymorphonuclear ancJ mononuclear cells. The phagOC)tosis 
and intracellular kBHng of microorganisms by 
polymorphonuclear phagocjtcs was determined by the direct 
measurement of the microbicidal activity.1121 Pha·gaqtosis was 
expressed as the phagocytic inde.x, in which the percentage 
decrease In the Initial number of 11able extracellular bacteMa 
was determined microbiologically after Incubation with 
polymorphonuclear leukoC)-1cs. In our study. the phagocytic 
index of II. ncpalcnse root extract was found to be increased 
in a time~ and dose~dependent manner. The isolated 
compound 150 ,..g!ml) and root extract \lGOO 1-'llfml) show~rl 
significant phagocytic index as compared LO control. 

Further, the immunostimulatory effect of the extro..~ct aud 
\ts isolated compound was tested in mitogen-activated 
cultured mononuclear cells. PHA was used to activate the 
mononuclear cells In the culture. The mitogenic PHA are 
polyclona1 activators. ln that they activate man',anuclcar ccns 
Including memory type cells, lncspt:ctlve of their <mtigt:nic 
specificity.tLaJ The root extract (higher concentrations) and Its 
iso}ated compound caused a significant stimUlation of the 
mononuclear cells. This is attributed to the fact that the 
methanol ex~ract and its Isolated compound may stimulate 
the PHA-actlvatcd mononuclear r:clls and induce tht! n~lcast~ 
of cell proliferating factor.; such as irlll:rleukirl and Tr\l•'ll.rur 

J·:arllc:r n:pflrt.s on tiH~ phyllldu:mi:-.I.J·y ur II. nqmltmsr· 



Indicate the presence of compounds such as steroids and 
coumarins. We have isolated a known flavonoid. quercetin 
glycoside, from the plant.181 However. there is no report on 
the pharmacological activity of the plant. Contemporary 
research revealed that quercetin glycoside. isolated from 
different herbal sources. has several pharrnacnlngical actions 
such as antioxidant, anticancer, antiulcer, antiinflammatory 
and antivtraLI201 Recent reports indicate that several types of 
flavonols stimulate human peripheral blood leukocyte 
proliferation. They significanlly increase the acth~ty of helper 
T cells, cytokines, intcrlcukin 2. )'-interferon and macrophagcs 
and are thereby useful in the trcntment of several diseases 
caused by immune dysrunctlon.r,~,IJt is thus apparent that the 
immunostlmulatory effect produced by the methanol extract 
of H.nepaleuse. containing quercetin gl)•coside. may he due 
to cell mediated and Immoral anllhocJy rnediau:cJ immune 
responses. 

The present finding provides scientific evidence to the 
ethnomedlclnal use of this plant by tribals in Sikklm. The 
plant H.tJepaiense has the potential for new therapeutic 
applications in the future. 

Acknowledgement 

The authors are thar~.klut to the Att tr~.dia Couoc\l tor Tectmical Educa\\or~., Gov
ernment or India, New Delhi for financial assistance under RPS with File no: 
8022/RI D/NP ROJ/RPS· 77/2003·04. 

References 

'. ihe wealth ol lr.dia. lr.: Chanda YR. editor. Vol-3. New Delhi: CS\R 
Publication; 1972. 

2. Gurung G. The medicinal plants of Sikkim Himalaya. 1'1 ed. Sikkim: Subash 
Pubficatlon; 1999. 

3. Dash S. Nath LK. Bhise S, Bhuyan N_ Antioxidant and antimicrobial activi
ties of Heracleum nepalense D. Don root. Trop J Pharma Res. In press 
2006. 

4. Upadhaya SN. Therapeutic Potential of lmmunomodulatory Agents !rom 
Plan\ p!Oduc\s. In Upadt\aya SN, Mi\QfS lmmunomoduiO\IOn.'" c<l. New 
Delhi· Narosa publishing house. 1997 p. 149-50. 

5. Wagner H, Kraus H, Jurcic K. SearCh lor potent immunost1mulating agents 
from plants and other natural sources. In: Wa!}ner H. editors. 
lmmunomodulatory agents from plants. 1" ed. Switzerl2nd: Birkashauser 
verlag Basel; 2003. p. 1-6. 

6. Alai CK. Sharma ML. Khariya A lmmunomodulatlflg ageilts of plant origtn 
J Ethnopharmacol 1986;18:133-41 

7. Trease GE, Evans WC. Phatmacognosy. In TmOa\1 B. editot. n'"- ed. 
East Bourne: ELBS Publication; 1996. 1 

8. Dash S, Bhise S, Nath LK, Bhaltacharya S. A Flavonoid from the root of 
Heracleum nepalense O.Oon. Asi J Chern 2006;18:1581-2. 

9. Jayathirtha MG. Mishra SH Preliminary immunomodul'atory activities of 
methanol extract oflefipla alba and Cenlella asifica. Phytomed 2004.11 
361-5. 

10. Makare N. Bodhankar S. Rangan V lmmunomodulato(y ac\lv1IY of alco· 
holic ex\fac\ oi mangifera indica L m miCe J Elhnop\'lalmacol 200\,78 
133-7. 

11. Miles M, Misfa SS. The estima!lon of the bactericidal power of blood. J 
Hyg Camb 1938:38:732-49. 

12. Furthvan R, Borgvandcn BM Chrur.at,rnrnurlfJIIJ!JY 1'" erJ l omJnn GuWI~r 

Medical Publishing; 1991 
13, Sriwanthana B. Chava!iltumrong P. In vitro effect of Derris scandens on 

normal lymphocyte proliferation and its activities on natural killer cells in 
normals and HIV-1 Infected ?alients. J E\hno?t'-armacc\ 200U6:125-9. 

14. Drozd J, Anuszewska E. Determination of immunologi~al activity in vitro 
of some plant raw materials. Acta Pol Pharmac 2003;60:197- 200. 

15. Ramesh R Chemical and Pharmacological invesrtgabon a! Allium Ursinum 
L (PhD Thesis]. Berhampur (Orissa): Berhampur Univ.; 1991. 

16. Encyclopedia of immunology. In: TJ Delves, IM Raitt. editors. 2·~ ed. 
London: Academic Press; 1998. ' 

17. Fulzele SV, Satturwar PM. Joshi SB, Ocrle AK. Study of the 
immunomoduta\ory ac\ivi\y of Haridradi ghrita in rats. tf..dlan J Pharmacal 
2003;35:51-4. 

18. Mitra SK, Gupta M, Sarma DNK. tmmunomodulatcry effect of IM-133. 
Phy\other Res 1999;13:341-3. 

19. Smit HF, Kroes BH, Berg vanden AJJ. Wal vander D. lmmunomodulatory 
and anti-inflammatory activity of Picrorhiza scfophu/ariiflora. J 
Ethnopharmacol 2000;73:101·9. 1 

20. Kole P. Parmar T. lmmunostimu!aling Drugs from Natural Sources. 1" ed. 
New Delhi: Dolib Pub\ishiny Pv\ House; 2004. \ 

21. Kawakila SW, Giedlin HS, Nomolo K. lmmunomodulators from higher 
plants. J Nat Med 2005;46:34·8 


