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ABSTRACT

In the present study immunopharmacological propsrif hydroalcoholic extract of Saussurea lappa. CBrke
root have been investigated. After administratibexiract in doses of 100 and 200 mg/kg body weiggignificant
increase in leukocyte count, spleen weight, phatimaydex and antibody secreting cells were noticBgatment
with extract enhanced DTH reaction, which is retféelcfrom the increased footpad thickness. Saussiagza
extract treatment also reduced the total numbeairoials showing anaphylactic symptoms. At thedoge (100
mg/kg) Saussurea lappa extract did not affect thewdral immune response but at higher dose (200 ghg/k
produced a significant enhancement in antibodyetialue. The results suggest that bio active compound of
Saussurea lappa influences both humoral as watk#ianediated immune system.

Key words: Immunopharmacology, Humoral immunity, Cellular inmity, Delayed type hypersensitivity, Herbal
immunomodulator

INTRODUCTION

Traditional medicine system like Chinese, Japan&s®mpo and Indian Ayurveda mentioned the many bogni
medicine which claimed to be modulate the cellalad humoral function of immune system [1]. Ayurvesiees a
separate class of immunomodulatory botanicals naReshyanas. These plants, labelled as ‘rasayaaee, been
endowed with multiple properties like delaying tbaset of senescence and improving mental functimns
strengthening the psycho-neuro-immune axis [2]. Miagrbal medicines have been reported to moduldtikine
secretion, histamine release, immunoglobulin sexretlass switching, cellular receptor expressigmphocyte
expression, phagocytosis, and so on [1]. Botanigaleduce a diverse range of phytochemicals with
immunomodulating potential, including isoflavonaidsdoles, phytosterols, polysaccharides, sesqétess,
alkaloids, glucans and tannins. Several botanif@m these Ayurvedic texts have been studied fuairt
immunomodulatory properties [1].

Saussurea lapp&.B. Clarke is a well known and important meditiplant commonly known as costus, kuth,
kushta, kust, muxiang, patchak, quang mu xiangidhy used in Ayurveda and Chinese systems of meslifor
the treatment of various ailments, viz. asthmalammatory diseases, ulcer and stomach problemderBift
pharmacological experiments in a numbemofitro andin vivo models have convincingly demonstrated the ability
of Saussurea costudo exhibit anti-inflammatory, anti-ulcer, anticamc and hepatoprotective activities.
Sesquiterpene lactones have been reported as tlher mphytoconstituents of this species. Costunolide,
dehydrocostus lactone and cynaropicrin, isolatednfithis plant, have been identified to have potént be
developed as bioactive molecules [3, 4].
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MATERIALSAND METHODS

Plant material extraction
Saussurea lappaoot was purchased from the local market of theidsaar. Quality of sample was assured by
pharmacognostical characterization.

Approximately 100 g of the root powder was soaketl.D L ethanol-water (70:30) mixture at room terapare and
sonicated for 30 min. It was filtered through thghua Whatman grade-1 filter paper in a Buchner élinumder
vaccum and filtrate was evaporated to dryness imtaay evaporator under reduced pressure. Crudeoblmbhalic
extract ofSaussurea lappeots was obtained; which was further lyophilizedbtain dry powder.

Animals

Swiss albino mice of either sex weighing 18-28 gemgsed for study. Animals were procured from titutional
animal House approved by CPCSEA. All animals wegptkn polyacrylic cages and maintained under stechd
housing conditions (room temperature 24-27°C anchiblily 60-65% with 12:12 light: dark cycles). Foedhs
provided in the form of dry pellets and watd libitum The animals were allowed to get acclimatizedh® t
laboratory conditions for 7 days before the comreement of the experiment. All experiments involviagimals
complies with the ethical standards of animal hiawgdland was approved by Institutional Animal Etlhica
Committee.

Experimental protocol

The drug solutions were prepared in phosphate bs#éne for oral administration. Immunomodulat@gtivity
was checked at both cellular and humoral levelbth®l experimental models had four common groupsisting of
six animals each. Group |, was served as nativéraoand received no treatment, Group Il, served/elsicle
control and received PBS 1 ml/100 g, p.o, groupriteived the hydroalcohalic extractss#fussurea lappaoots
(100 mg/kg, p.o), whereas group IV were administ¢®d0 mg/kg, p.0.) respectively.

Effect on leukocyte Count and spleen weight

Mice were treated according to treatment protoopbfconsecutive days. On day 6, blood was coliefrtam retro-
orbital plexus for white blood cells (WBC) counthd animals were sacrificed by cervical dislocatiom their
spleens were harvested for weighing. The resultiesfe analyses were compared with that of vebaniérol [5].

Carbon clearance test

Mice were administered the doses according tortreat protocol for 5 consecutive days in their resge groups.
Forty eight hours after the last dose of the tretimanimals of all the groups received intraveniojection of (0.3
ml/30 g) Indian ink (colloidal carbon) through ttal vein. Blood samples were withdrawn from eacinal by
retro-orbital plexus at an interval of 0 and 15 mfter the ink injection. A 50 ul blood sample waxed with 4 ml
of 0.1% sodium carbonate solution and the absogbaifithis solution was determined at 660 nm. Thagplytic
index K was calculated using the following

Formula: K = (lg OD; —1g OD,)/t; — t
Where, OQ and OL) are the optical densities at 0 and 15 min, respgt[6, 7].

Delayed hyper sensitivity reaction

The antigen specific cellular immune response peexental animals was measured by determiningléiygee of
DTH response using the foot paw swelling test. Miege given the treatment beginning on day 0 amtirwoed till
the day of challenge. The mice were primed withr@llof ship red blood cells (SRBC) suspension dairig 1 x
10 cells, i.p., on day 7 and challenged on day 14 @i05 ml of 2 x 1HSRBC in the right hind foot pad. The left
hind foot pad was injected with 50 of PBS as control. Foot pad swelling was measoreat 0, 24, 48 and 72 h
after challenge using a calliper (Mitutoyo manutaicty Company, Japan). The difference between thannof
right and left hind footpad thickness gave a degifefeot pad swelling which was used for group cangons as a
measure of DTH reaction [8, 9].

Systemic anaphylactic

Mice were sensitized by 1 mg bovine serum alburBi8A) subcutaneously in 0.2 ml PBS (pH 7.4) at degn@d
were shocked by intravenous injection of 1 mg BEA&#BS (pH 7.4) on day 14. During this period micaevmice
were administered the doses as stated in treatpmetdcol, from day 0 to day 14 before shockingdtigm. The
systemic anaphylactic reaction was observedhinvB0 min following the shocking injection andhted in
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following fashion:positive reaction, mortality or animal rendered still for at leastnin; negative reaction with
no change or normal movement [10].

Indirect haemagglutination test

Mice of various groups were pre-treated with theigdr for 7 days and immunized with 5 x°18RBC
intraperitoneally. The day of immunization was redd to as day 0. The treatment was continued fmoie days
according to protocol and blood samples were c@tedy retro-orbital puncture at the end of thetireent for
antibody titer. Antibody titre was determined follmg the procedure reported by Nelson and Mildentzdr
experimentation, in two-fold serial dilutions offge samples made in 25 pl volumes of normalnsaltontaining
0.1% bovine serum albumin (BSA saline) inb&ttom heamagglutination plates (96 well mitret plates)
were added 25 pl of 0.1% suspension of SRBBSA saline. After thorough mixing SRBC weréoaled to
settle at room temperature for 90 min until contxells showed small button of cells (negative pajteThe value
of the highest serum dilution causing visible hegtatination was considered to be the antibody f{itér 12].

Plaque forming cell [PFC] assay

The assay was performed according to the methoartezp by Jerne and Nordin. After immunizing thenzais

with SRBC on day 0, they were treated as statedeabar 5 consecutive days. Briefly, the spleenscefil SRBC
immunized extract treated mice were separated iMIRB40 medium, washed twice and suspended in same
medium. Glass petridishes were layered with 1.28%¢@sg in 0.15 M NacCl to form bottom layer. A mixd@wf 2 ml
agarose (0.6%) in RPMI-1640 medium (42°C), 0.1subpension of 20% SRBC and 1%1€pleen cells in a
volume of 0.2 ml was poured over the bottogetaof agarose followed by an incubation perio®@fmin at
37°C. A 2 ml quantity of 1:9 diluted fresh rabhétrsm was added to petridish and plates were reatedbfor 40

min to allow the formation of plagues. The numbefsplaques were counted immediately and values were
expressed as counts pef $pleen cells [13, 14].

Statistical calculation

The values were calculated as mean + S.D. Thefigignte of the difference of the mean value withpezt to
control group was analyzed by one way ANOVA follalMgy Dunnet’'s t-test using Graphpad Prism 5 05
or above was considered to be significant.

RESULTS

Effect on blood leukocyte count and spleen weight

Leukocyte count was increased significantly (P 850.P < 0.01) on treatment withaussurea lapp&xtract in
Group Il & IV compared to control. Significant ®0.05) positive effect on spleen weight was obsérin Group
Il and 1V, compared to vehicle control shown ibl&1.

Table 1: Effect of Saussurea lappa extract on blood leukocyte count and spleen weight

Group Treatment Spleen weight (gm)/100 gm BW | L eukocyte count/mm3
Group 1 (Native) (Not Treated) 0.420+0.021 3850 + 73.21

Group 2 (Control) | PBS 0.428+0.023* 4120 + 126.21*
Group 3 Extract 100 mg/Kg| 0.527+0.037** 4590 + 132.67**
Group 4 Extract 200 mg/Kg| 0.623+0.036** 4950+ 145.76***

Values are expressed as meantS.E.M. *P > 0.05dmiicant compared to control); **P < 0.05 (sigrifint compared to control); ***P < 0.01
(highly significant compared to control)

Effect on phagocytosis

Group 1l shown significant (P < 0.05) increasdhe phagocytic index as compared to control grdepermined in
terms of increase in the clearance of colloidaboarfrom the blood after administration of thesegdr However,
the clearance was best when group IV at the do28®Mmg/kgSaussurea lappextract (P < 0.01).

Table 2: Effect of Saussurea lappa extract on phagocytic index and paw edema

Group Treatment Phagocyticindex | % increasein
paw volume
Group 1 (Native) (Not Treated) 0.0398+0.002 16.78 £ 12.46
Group 2 (Control) | PBS 0.0421+0.003* 31.45 +14.98
Group 3 Extract 100 mg/Kg| 0.0624+0.04** 59.47 +16.87
Group 4 Extract 200 mg/Kg| 0.0885+0.02*** | 67.79 + 28.38

Values are expressed as mean£S.E.M. *P > 0.05dmfcant compared to control); **P < 0.05 (signifint compared to control); ***P < 0.01
(highly significant compared to control)
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Effect on Delayed type heper sensitivity (DTH) reaction

Treatment withSaussurea lapp&xtract supressed DTH reaction, reflected fromitteeeased footpad thickness
significantly (P < 0.05, P < 0.01 respectively) qmred to control group, suggesting heightenedtiafibn of
macrophages to the inflammatory site, shown inet&hl

Systemic anaphylaxis

In the present study, th8aussurea lappaxtract showed a decrease in total number of dsirshowing
anaphylactic symptoms as compared to control gratign sensitized and subsequently challenged by, BBéwn
in table-3.

Table 3: Effect of Saussurea lappa extract on systemic anaphylaxis

Group Sensitizing injection | Treatment Shocking injection | Total no. mice | Anaphylactic | Deaths
symptoms

Group 1 (Native) BSA (s.c.) (Not Treated) BSA (i.v.) 6 6 0

Group 2 (Control) | BSA (s.c.) PBS BSA (i.v.) 6 6 0

Group 3 BSA (s.c.) Extract 100 mg/Kg| BSA (i.v.) 6 4 0

Group 4 BSA (s.c) Extract 200 mg/Kg| BSA (i.v.) 6 3 0

Heamagglutination antibody titer

Saussurea lappaxtract did not shown significant increase of haggtutination antibody titer value in group Ill
(100 mg/Kg) as compared to control group. HoweSaussurea lappaxtract (200 mg/kg) produced significant
enhancement in antibody titre value (P < 0.05)roup as compared to vehicle control group.

Plaque for ming assay

There was no effects Saussurea lappaxtract ( 100 mg/kg) in the anti-sheep red bloelil plaque forming
assay as compared to vehicle control animals.d¥ewSaussurea lappeaxtract (200 mg/kg) produced significant
(P < 0.05) enhancement in number of cells secratmgodies against SRBC, which served as speaiftgen,
shown in table-4.

Table 4: Effect of Saussurea lappa extract on heamagglutination antibody titer and antibody secr eting cells

Group Treatment heamagglutination antibody titer | Plague forming cell/ 10° Spleen cells
Group 1 (Native) (Not Treated) 67.81+11.60 288+ 4.74

Group 2 (Contral) | PBS 105.22+11.70* 298 +4.74*

Group 3 Extract 100 mg/Kg| 143.61+24.50* 302 + 2.64*

Group 4 Extract 200 mg/Kg| 194.83+30.15** 400 + 7.84**

Values are expressed as meantS.E.M. *P > 0.05dmiicant compared to control); **P < 0.05 (sigrifint compared to control); ***P < 0.01
(highly significant compared to control)

DISCUSSION

The main objective of this study was to investigateimmunomodulatory effect of hydroalcohdiaussurea lappa
root extract at the dose of 100 mg/kg and 200 mg/kg

Initially, effects on blood leukocyte count and et weight were determined to investigate immunautatdry
effect of Saussurea lappaxtract. Leukocytes play a important role in bithate and adaptive immunity. Innate
immunity largely depends on activity of granulosytevhile adaptive immunity depends on lymphocytesich
provide long term immunity [15]. Only the lymphoegtpossess the attributes of diversity, specificitgmory and
self/non self recognition. All the other cells plagcessory roles, serving to activate lymphocyttesncrease the
effectiveness of antigen clearance by phagocytosi$o secrete various immune effector molecules.oAgn
different organs of immune system, spleen represemhajor secondary lymphoid organ involved initlion of
immune response. The spleen is adapted to filtdsiogd and trapping blood-borne antigens and ttamsrespond
to systemic infections [10, 16]. Results from thregent study revealeSaussurea lapp@&xtract accelerates the
proliferation of leukocytes and lymphoid tissuedmse dependent manner.

The carbon clearance test was done to evaluateeffieet of drugs on the reticulo-endothelial systehme
reticuloendothelial system (RES) is a diffuse systmnsisting of phagocytic cells like macrophagédéctv play a
vital role in the clearance of particles from thdd. Phagocytosis represents an important innafende
mechanism against ingested particulates includihglevpathogenic microorganisms [7, 1Ehhanced uptake of
particulate matter with the treatment $&ussurea lappextract is evident from carbon clearance test. relsalt
is owing to a mechanism related to phagocytosimbgrophagesSaussurea lappaxtract stimulates phagocytosis
by macrophage activation and increases the polynoongclear cells, as evidenced by an increase imatee of
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carbon clearance. However, a dose proportiona@orese was not observed, since immune resp@seot
always directly related with the immunomodutatoncentration.

Delayed type hypersensitivity reaction develops mhentigen activates sensitized T lymphocytes, which
subsequently proliferates and release various kings including interleukin-2, interferon- macrophage
migration inhibition factor and tumor necrosigctorf [15, 17]. These cytokines in turn increase vascula
permeability, induce vasodilatation, recruit madrages and activate them, promoting increased plagactivity
[16]. Several lines of evidence suggest that DTattien is important in host defense against tunimanunity, and
many intracellular infectious microorganisms, espigcthose causing chronic diseases such as tulmsis [15].
Treatment withSaussurea lappa@xtract enhanced DTH reaction, which is refleciesn the increased footpad
thickness compared to control group suggestinghtengd infiltration of macrophages to the inflamongtsite.
This study may be supporting the possible roleSafissurea lappaxtract in assisting cell-mediated immune
response.

Systemic anaphylaxis is a shock-like and oftenl fatate whose onset occurs within few minutes df@e |
hypersensitive reaction, mediated by immunoglobhlifigE). IgE has high affinity to Fc receptorstbe surface of
mast cells and blood basophils and thus binds Isetalithese cells. Such IgE coated mast cells awbphils are
said to be ‘sensitized’. Secondry exposure to #mesallergen cross-links the membrane bound IgBeositized
mast cells causing degranulation and release thentologically active mediators like histaminejkietrienes,
prostaglandins and cytokines. Human mast celleegedtt-4, IL-5, IL-6 and TNFe. These cytokines alter the local
microenvironment, eventually leading to the reengibt of inflammatory cells such as neutrophils endinophils.
IL-4 increases IgE production by B cells. IL-5 ispecially important in the recruitment and activatiof
eosinophils. The high concentrations of ThiFsecreted by mast cells may contribute to shoclsyistemic
anaphylaxis [17]. In the present studaussurea lapp&xtract treatment reduced the total number of alsim
showing anaphylactic symptoms. Thus we can lodec that through several probable mechaniSagssurea
lappa extract could have prevented anaphylactic symptavhen sensitized and subsequently challenged #. BS
Probably Saussurea lappa&xtract interferes with expression of Fc receptansl various chemokines which is
responsible for the humoral immune response.

Heamagglutination antibody titer was determintd establish the humoral response againsBGSRThe
humoral immunity involves interaction of B cells tvithe antigen and their subsequent proliferatiod a
differentiation into antibody-secreting plasma seAntibody functions as the effector of the hurhoesponse by
binding to antigen and neutralizing it or facilitag its elimination by cross-linking to form clustethat are more
readily ingested by phagocytic cells [18Jaussurea lappaxtract at the low dose (100 mg/kg) effect on hraho
immune response but at the high dose (200 mg/kagymed a significant enhancement in antibody titdeie. This
indicates the enhanced responsiveness of macrophigad B lymphocyte subsets involved in antibsgythesis
on Saussurea lappextract administration.

Number of antibody secreting cells from spleen watermined using plaque forming cell assay. Simglees
contributes immensely to the humoral as well alulzel immune system, its role in generatioh amtibody
secreting cells was studied. Antigen-activateceBs differentiate into plasma cells, which ledke follicles and
secrete the IgA class of antibodies. These anti#zottien are transported across the epithelial artisreleased as
secretory IgAinto the lumen, where they can interact with amtgfl7]. There were no effects of low dose of
Saussurea lappaxtract in the anti-sheep red blood cell plagoeming assay as compared to vehicle control
animals. However, at higher dose (200 mg/kg) predusignificant enhancement in number of cells segye
antibodies against SRBC, which served as spegifigen.

CONCLUSION

The present study has shown the immunomamlylaactivity of hydroalcoholic root extract 8Aussurea
lappain cellular arm response, phagocytic responseagaghylactic reaction at both the doses. Howevéhea
lower doseSaussurea lappaxtract did not show significant effect on humdramunity and number of antibody
producing cells of spleen, reflectiffaussurea lapp&as no effect on such responses on short terrnmneaa
Higher dose oSaussurea lappaxtract has shown potentiation of immunomodujatostivity in both humoral as
well as cellular arms o fthe immune system, sstigg its therapeutics usefulness in immunocomjs®an
patients on long term basis.
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