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Ethnopharmacological relevance: Roots of Asparagus racemosus Willd (Shatavari in vernacular) are widely
used in Ayurveda as Rasayana for immunostimulation, galactogogue as also in treatment of conditions
like ulcers and cancer. Various studies have indicated immunomodulatory properties of Shatavari root
extracts and formulations.
Aim of the study: To study the effect of standardized Asparagus racemosus root aqueous extract (ARE) on
systemic Th1/Th2 immunity of SRBC sensitized animals.
Materials and methods: We used HPTLC to quantify steroidal saponins (Shatavarin IV, Immunoside®) and
flow cytometry to study effects of ARE on Th1/Th2 immunity. SRBC specific antibody titres and DTH
responses were also monitored as markers of Th2 and Th1 responses, respectively. We also studied
lymphocyte proliferation. Cyclosporin, cyclophosphamide and levamisole were used as controls.
Results: Treatment with ARE (100 mg/(kgb.w. p.o.)) resulted in significant increase of CD3* and CD4/CD8*
percentages suggesting its effect on T cell activation. ARE treated animals showed significant up-regulation
of Th1 (IL-2, IFN-g) and Th2 (IL-4) cytokines suggesting its mixed Th1/Th2 adjuvant activity. Consistent to
this, ARE also showed higher antibody titres and DTH responses. ARE, in combination with LPS, Con A or
SRBC, produced a significant proliferation suggesting effect on activated lymphocytes.
Conclusion: The study suggests mixed Th1/Th2 activity of ARE supports its immunoadjuvant potential.

© 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Asparagus racemosus (AR) Willd. (Asparagaceae) is an important
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nal properties are reported in traditional systems of medicine such
as Ayurveda, Siddha and Unani (Charak Samhita, 1970). Ayurveda,
describes AR as rasayana and galactogogue, which is used to treat
various diseases such as ulcer, dyspepsia and debility. Chemically,
AR roots contain steroidal saponins known as shatavarins -1V, iso-
flavones and alkaloids including asparagamine and racemosol as
major compounds (Saxena and Chourasia, 2001). In last decade,
a few pharmacological and immunomodulatory activities of AR
have been studied. For instance, AR root extract was shown to
restore lymphocyte and neutrophils counts in myelosuppressed
animals, which was comparable to lithium and glucan (Thatte and
Dahanukar, 1988). In addition, AR roots were also reported to mod-
ulate macrophage functions resulting in significant reduction in
severity of peritoneal adhesions (Rege et al., 1989). Further, AR
hydro-alcoholic extract was found to induce lag in tumor develop-
ment in experimental animals (Seena et al., 1993). The modulatory
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effect of AR crude and hydro-alcoholic extracts on TNF-alpha secre-
tion, phagocytosis and neuro-endocrinal secretions is also reported
(Bhatnagar et al., 2005; Parihar and Hemnani, 2004; Dalvi et al.,
1990; Dhuley, 1997). Previously, we reported immunoadjuvant
activity of AR aqueous root extract (ARE) in two different exper-
imental models. In the first model, co-administration with lower
immunogenic doses of DPT vaccine resulted in higher anti-pertussis
antibody titres and immuno-protection against lethal pertussis
challenge (Gautam et al., 2004). While in second, it resulted in
myeloprotection and recovery of humoral and cellular immunity in
tumor bearing myelosuppressed mice (Diwanay et al., 2004). Over-
all, these studies project immunostimulant activity of AR, however,
its immunological basis still remains unclear.

Modulation of Th1/Th2 immunity is emerging as one of bio-
logical targets for such immunostimulants (Romagnani, 2000).
Helper T cells (Th) may be subdivided into two cell subsets, termed
as Th1 and Th2, according to differences in their corresponding
cytokines. Th1 cytokines contribute cell-mediated immunity while
Th2 cytokines are responsible for humoral immunity (Warren et al.,
1986; Abbas et al., 1996). We have studied possible immunoregu-
latory effects of ARE on murine Th1/Th2 immunity using SRBC as
antigenic stimulus. Flow cytometry was used to monitor immune
cell populations. Levamisole is one of the clinically established
orally active Th1/Th2 immunomodulators, thus was used as posi-
tive control in the entire study (Bozic et al., 2003; Szeto et al., 2000;
Argani and Akhtari, 2006). Our study suggests that ARE has cytopro-
tective,immunorestorative activities with mixed Th1/Th2 response
and can be used as vaccine or immuno adjuvant.

2. Materials and methods
2.1. Preparation of extract (ARE)

Asparagus racemosus roots were obtained from Green Pharmacy,
Pune, India and were correctly identified and authenticated as
Asparagus racemosus Willd. (Asparagaceae) by National Institute
of Science Communication and Information Resources (NISCAIR),
New Delhi, India (vide NISCAIR/RHMD/Consult/06/734/51). A
voucher sample is retained and deposited at Agharkar Research
Institute Herbarium, Pune, Maharashtra, India. Powdered roots
were extracted as aqueous decoction as per Ayurvedic Pharma-
copoeia of India using distilled water (Ayurvedic Pharmacopoeia
of India, 2001). The procedure resulted in 30 g of brownish, hygro-
scopic extract (ARE) obtained from 100 g of powdered roots. It was
stored in desiccating conditions till further use. ARE was studied at
doses ranging from 6.25 to 200 mg/(kg b.w.) and was administered
as oral suspensions using distilled water (0.5 mL).

2.2. Antibodies and chemicals

Fluorescein-isothiocyanate (FITC)-labeled anti-mouse mono-
clonal antibodies against (CD4*, CD19*, IFN-gamma); Phyco-
erytherin (PE)-labeled (CD8, CD3, IL-4, IL-2); FACS lysing and
permeablizing solution (B.D. Biosciences, San Jose, CA), LPS (E. coli,
Sigma, India), Concavalin A (Sigma), Roswell Park Memorial Insti-
tute (RPMI) medium 1640 (Sigma), Shatavarin IV and Immunoside
was kindly provided by Regional Research Laboratory, Jammu Tawi,
India. Unless otherwise specified, all the solvents used were of HPLC
grade (Ranbaxy Chemicals, Ltd., India).

2.3. Quality control and chemoprofiling

ARE complied with W.H.O. limits on safety and purity with
respect to microbial load, aflatoxins, pesticide residues and heavy

metals (WHO, 1998). Endotoxin levels were estimated using con-
ventionally used kinetic turbimetric test (KTA). Endotoxins were
found below 15 EU/mg, which was within pharmacopoeial limits
(USP, 2002).

Shatavarin IV (3-O-[(-L-rhamnopyranosyl-(1 — 2)-(-D-gluco-
pyranosyl (1 — 4)-O-(-p-glucopyranosyl]-25(S)-spirostan-3(-ol)
and immunoside (3-0-[(-L-rhamnopyranosyl-(1 — 2)-(-L-rhamno-
pyranosyl-(1 — 4)-0-(-p-glucopyranosyl]-25(S)-spirostan-3(-ol)
were used as marker compounds and were quantified using a
method described earlier (Satti et al., 2006). High performance
thin layer chromatography (HPTLC) analysis was carried out using
Linomat IV Spotter and densitometer (CS-9301PC, Shimadzu). ARE
(2 g)indistilled water (10 mL) was extracted thrice with n-butanol.
The resulting n-butanol extract was dried and was reconstituted in
methanol (8.46 mg/mL) and was spotted (5 L/spot) on pre-coated
TLC plates (E. Merck-Germany, 60F-254). Marker compounds were
dissolved in methanol (0.5 mg/mL) and calibration curves were
plotted with linearity observed in the concentration range of
0.5-5 pg/mL. The analysis was performed at room temperature
using EtOAc:MeOH:H,0 (75:13.5:10) as mobile phase. The result-
ing chromatograms were developed by spraying the plate with
1% ceric ammonium sulphate followed by heating at 105°C for
10 min. The plates were scanned at 450 nm for quantification.

2.4. Animals

All experimental procedures used in present study were
in accordance with institutional guidelines for animal research
(CPCSEA, 2003). The study protocols were approved by the Insti-
tutional Animal Use and Care Committee of Regional Research
Laboratory (Now known as Indian Institute of Integrated Medicine),
Jammu. Balb/c mice were obtained from healthy animal colony
maintained at the Department of Pharmacology, Regional Research
Laboratory. Balb/c mice (male, 3-4 weeks old) were randomly
distributed in groups as per experimental protocols (n=6 or 10).
They were kept in an air-conditioned and pathogen-free iso-
laters with temperature of 234 2°C and humidity of 55.6 +10%
on a regulated 12-h light and dark cycle. They were given
standard laboratory chow (Amrut Mills, Nashik, India) and
tap water ad libitum. Blood samples were collected through
retro-orbital bleeding at specified time points under ether anes-
thesia and assayed for cell counts, cytokines and antibody
titres.

2.5. Maximum tolerable dose (MTD) determination

The OECD method was used to determine MTD in animals
(OECD, 1996). Test material was orally administered in graded doses
and animals were monitored for change in weight, general behavior
and mortality at 0.5, 2, 6 and 12 hourly intervals after test material
administration. Test material was found to be well tolerated up to
2500 mg/kg.

2.6. Antigenic stimulus

Sheep red blood cells (SRBC) suspension in Alsever solution was
obtained from animals housed at Regional Research Laboratory,
Jammu. Blood cells were always washed three times with pyrogen
free sterile normal saline (0.9% NaCl, w/v). Each mouse received
1 x 10% cells in volume of 0.2mL i.p. for sensitization and chal-
lenge at required time schedule. This cell count has been reported
to induce optimum immune response in normal and immune
suppressed conditions under our assay conditions (Bani et al.,
2006).



M. Gautam et al. / Journal of Ethnopharmacology 121 (2009) 241-247 243

2.7. Experimental design

Three independent experiments were performed using lev-
amisole (2.5 mg/(kg p.o.)) as positive control.

2.7.1. Experiment 1: effect of ARE on T cell percentages (CD3*,
CD4* and CD8*) and Th cytokines

Immunizations were carried out using SRBC (1 x 10° cells in
0.2 mL saline/i.p.) on day 0 and 7. From day O (2h post-SRBC
injection) to 6, ARE at varying doses of 6.25, 12.5, 25, 50, 100
and 200 mg/kg was administered orally once daily in respec-
tive groups. Cyclosporin (5mg/(kgb.w.)) was administered 48 h
prior to sensitization as negative control. Blood was collected
48h post-challenge for estimation of CD3*, CD4*, CD8" and
CD4* (IL-2, IL-4 and IFN-gamma) percentages using flow cytom-
etry

2.7.2. Experiment 2: effect of ARE on in vivo SRBC specific

humoral and cellular immune responses

2.7.2.1. Humoral response. Study design is same as of Experiment 1.
Except for, ARE was orally administered in doses of (25, 50, 100 and
200 mg/(kg b.w. P) and sera were collected on day 9 for estimation
of antibody titres. Cyclophosphamide was used as negative control
at 250 mg/(kg b.w. p.o.)/48 h prior to sensitization. The estimation
of antibody titres was done using standard haemaglutination test
(Nelson and Mildenhall, 1967). Titres were further converted to
mean log, values for analysis purpose.

2.7.2.2. Cellular response. The method of Doherty was followed
to assess SRBC induced DTH response in mice (Doherty, 1981).
Cyclosporin was used as negative control at 5 mg/(kg b.w.p.0.) 48 h
prior to sensitization. The immunization and treatment schedules
were similar to humoral study except for challenge procedure. Ani-
mals were challenged with subcutaneous administration of SRBC
in the left hind footpad while the right hind paw received saline. On
day 9, difference between left and right paw thickness/swelling of
foot was measured using digital plethysmometer LE 7500 (Panlab,
Barcelona, Spain).

2.7.3. Experiment 3: effect of ARE on in vivo CD3* (total T cell)
and CD19* (total B cell) percentages in Naive (unsensitized) and
sensitized animals

SRBC sensitized and/or unsensitized animals were treated
either with vehicle, cyclophosphamide (250 mg/(kg p.o.) 48 h prior
to sensitization), levamisole (2.5 mg/(kgp.o.) for 7 days) or ARE
(100 mg/(kg p.o.) for 7 days). CD3* (total T cell) and CD19* (total
B cell) percentages were determined on 7th day using flow cytom-
etry.

2.8. Splenocyte proliferation assay

ARE was assayed for lymphocyte proliferative responses using
Naive Balb/c mice splenocytes. Spleens were removed under
aseptic conditions and homogenized in HEPES-buffered RPMI
1640 medium. Splenocytes were sedimented by centrifugation at
300 x3g for 7min at 4°C; washed and re-suspended in RPMI
1640 medium supplemented by 10% heat inactivated fetal calf
serum, 2-mercaptoethanol (50 wM), penicillin G (100 U/mL), strep-
tomycin (100 pg/mL), amphotericin B (0.25 p.g/mL), 1 mM sodium
pyurvate and 2 mM L-glutamine (Sigma). Cell suspensions were
distributed (5 x 10 viable cells/mL/well) into 96 well flat bottom
plates (Costar, Cambridge, MA). E.coli polysaccharide (LPS; Sigma)
and concanavalin A (Con A; Sigma) was used at 10 pg/mL as B and
T cell mitogens, respectively. The splenocytes were cultures with

different concentrations of ARE (1, 10, 30, 100) pg/well in pres-
ence or absence of mitogens (LPS and/or ConA). Working stocks
of mitogen and ARE (1 mg/mL) was prepared using incomplete
RPMI medium. After 24 h of incubation at 37°C and 5% CO,, pro-
liferation of spleen cells was measured by colorimetric reading
of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
reduction as described by Mosmann (1983), the plates were read
at OD 540nm to assay profilerative responses to AR and mito-
gens.

2.9. Estimation of lymphocyte percentages (CD4*, CD8*, CD3*
and CD19%)

The analysis of subsets namely CD3* (total T cell), CD19*
(total B cell) CD4* (T-helper cells) and CD8* (cytotoxic cells)
was performed on peripheral blood (Bani et al., 2005). Briefly,
mice were bled at required time schedules and 50 L of blood
was added to falcon tubes (B.D. Biosciences, San Jose, CA) con-
taining different immuno-labeled monoclonal antibodies. After
mixing and incubating at room temperature for 30 min in the
dark, FACS lysing solution was added. The samples were incubated
for 10 min for room temperature, followed by centrifugation. The
cells were washed and enumeration of lymphocytes subsets was
done using FACS Calibur (Becton Dickinson, San Jose, CA) flow
cytometer using Cell Quest Pro software (Becton Dickinson, San
Jose, CA). 10,000 events were collected to analyze CD4*, CD8* T
cells.

2.10. Intracellular cytokine estimation

The detection of cytokines in peripheral blood was performed
as per BD Biosciences protocol and reported method (Bani et al,,
2005). Briefly, to 80 p.L of peripheral blood CD4* and CD8* mono-
clonal antibody (mabs) were added. After mixing and incubating at
room temperature in the dark, FACS lysing solution was added. The
samples were incubated followed by centrifugation at 10,000 rpm
for 10 min. Cells were then washed, permeabilized and stained
with FITC-coupled CD4* mouse (mab), phycoerythrin (PE) cou-
pled IL-2, IL-4, IL-10 mabs in one set and PE coupled CD8* mabs,
FITC coupled IFN-y mabs in another set. All monoclonal antibod-
ies mentioned here were purchased from B.D. Biosciences. The
stained cells were then acquired using FACS Calibur (Becton Dick-
inson, San Jose, CA) flow cytometer. For gating and calculation; cell
quest software (Becton Dickinson, San Jose, CA) was used. Gating
for lymphocytes using forward/sideward scatter was facilitated by
CD4*/CD8* staining; 10,000 cells were determined with at least
100 cells in every gate of lymphocyte subpopulations. The resulting
numbers are percentages of cytokine expression of those subpop-
ulations.

2.11. Data analysis and statistical considerations

Data is expressed as mean+S.E. Percent immunomodula-
tory activity in normal and immune suppressed animals was
derived using earlier reported method: Normal conditions = (test
group — sensitized control group/sensitized control group) x 100.
Immune suppressed conditions =1 — (test group — sensitized con-
trol group)/(cyclosporin/cyclophosphamide control — sensitized
control) x 100 (Kaul et al.,, 2003). Statistical significance of dif-
ferences was assessed by Post-ANOVA (Bonferroni test for
multiple comparisons). IFN-g/IL-4 ratios were evaluated using
Mann-Whitney test. P<0.05 was set as the level of signifi-
cance.
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Table 1

Effect of ARE on CD3* CD4" and CD8* percentages in peripheral blood of SRBC sensitized animals.

Group Dose (mg/kg) Total T cells T-helper cells T-cytotoxic cells % Modulatory activity

CD3* (%) CD4* CD8~ (%) CD8* CD4~ (%) CD3 CD4 CD8
Unsensitized control Saline 35.25 + 5.27 5.055 + 0.72 3.272 £ 0.67 NA NA NA
SRBC Cells 53.93 + 151 26.5 4+ 03" 15.7 £ 0.70 NA NA NA
Levamisole 2.5 78 + 0.69"" 371+ 05 22.01 £ 05" 44.6 40 40.9
Cyclosporin 5 28.7 + 0.58"" 12.04 + 0.12"" 7.56 + 0.34" —46 -54 -51.8
ARE 6.25 56.96 + 0.77 2714 £ 0.2 15.16 £+ 0.39 5.56 24 -34
ARE 12.5 61.85 + 0.92° 2812 + 0.45° 15.30 + 0.67 14.6 6.1 —.54
ARE 25 62.57 + 0.52° 294 + 04 15.8 + 0.45 16.2 10.9 0.63
ARE 50 64.95 + 0.43° 30.6 + 0.4° 16.6 + 0.24° 204 15.5 5.73
ARE 100 70.91 + 0.26™ 32.8+0.88" 18.8 + 0.33" 30 35.1 19.7
ARE 200 64.58 + 0.2° 31.01 £ 04" 17.5 + 0.80" 19.7 17 11.5

Values are shown as mean + standard error. Percent modulatory activity was calculated using formulae given in text under data analysis. Bonferroni test for multiple
comparisons generated P-values indicating significant differences in T cell percentages due to treatment. *, = represent comparison vs. SRBC and unsensitized control,

respectively. NA=Not applicable: N=10.
" P<0.05 vs. sensitized control.
" P<0.01 vs. sensitized control.

™" P<0.001 vs. sensitized control.

3. Results
3.1. Standardization of ARE

HPTLC analysis was done on basis of identification and quan-
tification of two steroidal saponins, Shatavarin IV and immunoside
that are reported to be present in ARE. The result suggests assay
percentages of Shatvarin IV and immunoside in ARE at 8.53 +0.38
and 0.038 4 0.003, respectively.

3.2. Effect of sensitization protocol on selected immune markers

As afirst step to study effect of ARE on Th immunity, effect of sen-
sitization protocol on selected immune markers was established.
Animals were injected pyrogen free saline i.p. with and without
SRBC on days 0 and 7. Blood samples were drawn after 48 h of sec-
ond sensitization and were processed for CD3*, CD4*, CD8* and
CD4* (IFN-gamma, IL-2 and IL-4) positive cell percentages. We had
previously determined the optimal concentration of SRBC in Balb/c
mice, which allows quantification of SRBC specific humoral and
cellularimmune responses in normal and immune suppressed con-
ditions (Bani et al., 2006). The results suggest that sensitization
protocol up regulates Th1 and Th2 cytokine production significantly
as compared to unsensitized control (Tables 1 and 2). Such up-
regulation effect of SRBC on Th1 and Th2 cytokines is consistent
with previous reports (Mashimo and Mita, 1995).

Table 2

3.3. Effect of ARE and levamisole on CD3*, CD4* and CD8* T cell
percentages

As demonstrated in Table 1, ARE and levamisole up-regulated
the population of T cell CD3* and CD4*/CD8"* subsets percentages
as compared to control (P<0.001) suggesting their T cell activating
potential. ARE showed a dose dependent increase with optimum
effect observed at 100 mg kg~ (P<0.001). Cyclosporin as expected
resulted in significant reduction of CD3*, CD4* and CD8* percent-
ages (P<0.001) as compared to control.

3.4. Effect on Th1 and Th2 cytokines

Treatment with ARE resulted in dose dependent increase of
Th1 (IL-2, IFN-gamma) and Th2 (IL-4) cytokines, with maximum
effect at 100mgkg~! as compared to control. Interestingly, the
relative immunomodulatory effect of ARE was more apparent on
IL-4 as compared to IFN-gamma levels (Table 2). This was fur-
ther confirmed by estimating mean IFN-g/IL-4 ratios for treatment
and control groups. ARE at 100 mg/kg dose resulted in signif-
icant increase in ratios (P<0.01) suggesting higher modulatory
effect on Th2 cytokine. Levamisole in contrast resulted in sig-
nificant up-regulation of ratios indicating preferential effect on
IFN-gamma level (P<0.01). Cyclosporin treated group showed
significant reduction of cytokines indicating immunosuppressive
effect (P<0.001).

Effect of ARE on CD4* positive Th1 (IL-2, [FN-gamma) and Th2 (IL-4) cytokine percentages in SRBC sensitized animals.

Treatment (mgkg") Dose (mg/kg) Th1 cytokine Th1 cytokine Th2 cytokine Th1/Th2 ratio
CD4* IL-2* CD4" IFN-g* CD4" IL-4* Mean ratio IFN-g/IL-4

Unsensitized control Saline 1.33 £ 0.67 0.936 + 0.32 1.324 + 0.31 0.692 + 0.082
SRBC alone SRBC 92+ 0.76 6.97 £ 037 714 £ 0227 0.976 + 0.054"
Levamisole 2.5 14.73 £ 043" 11.73 £ .2 10.9 + .06™" 1.076 + 0.038™
Cyclosporin 5 418 + 0.05™ 393 + .06 4.62 + 029" 0.216 + 0.056™"
ARE 6.25 7.8 £ 0.36 6.5 +0.28 71 £ 4043 0.915 + 0.078
ARE 125 8 £ 045 6.67 £+ 0.45 7.8 + 0.58 0.855 + 0.045
ARE 25 8.2 +0.67 7.05 + 0.55 8 +0.44° 0.881+0.038
ARE 50 9.24 £ 0.34 7.56 £+ 0.37 8.8 + 045" 0.859+0.029
ARE 100 11.97 + 0.34™ 8.12 + 0.56° 9.8 + 0.58" 0.828 +0.038"
ARE 200 10.17 + 0.45° 7.5 + 0.53 9.0 + 044" 0.833 + 0.075~

Values are shown as mean positive percentages in peripheral blood + standard deviation. Mean IFN-gamma/IL-4 ratios were determined for respective groups. *, ~ represent

comparison vs. SRBC and unsensitized control, respectively. NA = not applicable: N=10.

 P<0.05 vs. sensitized control.
™ P<0.01 vs. sensitized control.
™ P<0.001 vs. sensitized control.
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Fig. 1. Effect of ARE on lymphocyte proliferation. Splenocytes (5 x 10° viable
cells/(mLwell)) were cultured with different concentrations of ARE in either pres-
ence or absence of mitogens (LPS or Con A) stimulus. Histograms represent
mean +S.D. absorbance units. Bonferroni test for multiple comparisons was used
to compute P-values. *P<0.05, **P<0.01 vs. paired control.

3.5. Effect of ARE on lymphocyte proliferation

ARE elicited a significant increase in proliferative response
in Con A and/or LPS stimulated lymphocytes. The increase in
proliferation was concentration dependent with optimum effect
observed at 100 wg/mL. ARE treated splenocytes cultured in
absence of mitogens did not show any significant proliferative effect
(Fig. 1).

3.6. Effect of ARE on in vivo CD3" (T cell) and CD19" (B cell)
percentages in unsensitized and sensitized animals (Fig. 2)

Flow cytometry was used to monitor CD3 and CD19 positive per-
centages in unsensitized and sensitized animals. In unsensitized
conditions, no significant effect of ARE treatment was observed on
CD3* and CD19* percentages as compared to control (P<0.01). In
contrast, levamisole and cyclophosphamide resulted in significant
up-regulation and down regulation of CD3* and CD19* percent-
ages, respectively (P<0.001). Interestingly, in sensitized conditions,
treatment with ARE treatment 100 mg kg~! resulted in significant
up-regulation of CD3* and CD19* positive percentages as compared
to control suggesting its effect on activated lymphocytes. Lev-
amisole and cyclophosphamide showed similar trends as observed
for unsensitized conditions (Fig. 2).

3.7. Effect of ARE on antigen specific responses

3.7.1. Humoral responses (Table 3)

ARE when administered orally at 25-200 mg/(kg b.w.).w doses
produced a dose dependent increase in antibody titres. Optimum
immunomodulatory activity was observed at 100 mg/(kg b.w.) dose
(P<0001). In similar conditions, levamisole also resulted in signifi-
cantly higher anti-body titres as compared to ARE. Pretreatment
of animals with CP, 48 h before sensitization resulted in signifi-
cantreduction of anti-body titres indicative of immune suppression
(—38% and P<0.001 vs. control).

3.7.2. Cellular responses: SRBC specific DTH responses (Table 3)

As demonstrated in Table 3, ARE modulated cellular immune
response in dose dependent manner where optimum activity
(55%) was observed at 100mg/(kgb.w.) Levamisole in simi-
lar conditions resulted in higher immunomodulatory activity
(122%). This suggests that levamisole has higher modulatory
activity on DTH response as compared to ARE. Pretreatment
of cyclosporin, 48 h prior to sensitization resulted in significant
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Fig. 2. Effect of ARE on CD3* (T cell) and CD19* (B cell) percentages in unsensi-
tized and SRBC sensitized animals. Data represent group wise mean =+ S.D. positive
percentages after treatment with cyclophosphamide (CP) (200 mg/(kgb.w.)) or
levamisole (2.5 mg/(kgb.w.)) or ARE (100 mg/(kgb.w.)) in unsensitized and SRBC
sensitized animals. Peripheral blood was collected on 7th day for flow cytometry.
Bonferroni test for multiple comparisons was used to compute P-values. NS, Not
significant; “P<0.01, " P<0.001 vs. saline; *P<0.05, **P<0.01 vs. SRBC.

Table 3
Effect of ARE on SRBC specific humoral and cellular immune responses.

Humoral responses

Group Dose (mg/kg) Antibody titre (%) Modulatory
(mean+S.E.) Activity

Sensitized control SRBC 6.4 + 0.24 NA

Levamisole 2.5 8.2+ 022" 28

Cyclophospamide 250 3.7+ 026" -38

ARE 25 6.6 + 0.41 3

ARE 50 7.0 £ 0.20 9.3

ARE 100 7.6 + 040" 18.75

ARE 200 73+ 0217 14

Cellular (DTH)

Group Dose (mg/kg) Foot paw thickness (%) Modulatory
(mm) (mean+S.E.) activity

Sensitized control SRBC 0.9 + 0.01 NA

Levamisole 2.5 2.0 £0.02"" 122.22

Cyclosporin 5 0.5 + 0.01"" —44

ARE 25 0.9 £ 0.11 0

ARE 50 11+ 015" 22.22

ARE 100 14+ 025" 55!

ARE 200 11+ 017" 22

All values are shown as mean =+ S.E. Percent modulatory activity was calculated using
formulae given under data analysis. *Denotes comparison with respective SRBC
controls. N=10; NA: not applicable. *P<0.05 vs. respective controls.

" P<0.01 vs. respective controls.

" P<0.001 vs. respective controls.

down-regulation of DTH response as compared to control (—44%,
P<0.001).

4. Discussion and conclusions

Modulation of Th1/Th2 immunity is an important parameter
to assess therapeutic efficacy of immunomodulators. Based on
affinity towards Th1/Th2 subsets, immunomodulators are gener-
ally classified as Th1, Th2 or mixed Th1/Th2 agents. A. racemosus
root aqueous extract is known to exhibit immunopharmacological
activities under different biological stimuli. However, its efficacy
towards Th1/Th2 immunity has not been investigated. The present
study demonstrates that ARE has mixed Th1 and Th2 adjuvant prop-
erties.
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T cells (CD3 positive cells) carry out specialized functions such
as cytokine secretion and B cell help through CD4 (T-helper) and
CD8 positive (cytotoxic T cells) cells (Abbas et al., 1996). Several
studies have reported significant positive correlations between
peripheral CD4/CD8 percentages and host protective cellular or
humoral responses in immune compromised conditions such as
cancer, AIDS and tuberculosis (Lucy Bird, 2004). In present study,
ARE up-regulated CD3 and CD4/CD8 positive percentages in periph-
eral blood suggesting its immunoadjuvant potential (Table 1). This
observation supports our previous study where ARE potenitated
cellular and humoral responses in myelosuppressed tumor bear-
ing animals (Diwanay et al., 2004). Further, adjuvant role of ARE
in boosting protective immunity against pertussis is also reported
(Gautam et al., 2004).

Based on antigenic/adjuvant stimulus, CD4 T cells differenti-
ate into functionally distinct subsets known as Th1 or Th2 that
can be identified by monitoring their signature cytokines. ARE
was found to up-regulate IL-2, IFN-gamma (Th1) and IL-4 (Th2)
cytokines (Table 2). This observation suggests ARE has mixed Th1
and Th2 adjuvant activity. Consistent to this, ARE showed poten-
tiated humoral and DTH responses (Table 3). However, its relative
immunomodulatory effect was found higher for Th2 as evidenced
by significant reduction in IFN-gamma/IL-4 ratios, a commonly
used index of Th1/Th2 immunity (Table 2) (Gamze et al., 2003).
Thus, it may be suggested that ARE has mixed Th1/Th2, but Th2
preferential adjuvantactivity. However, it will need additional stud-
ies for conclusive correlations. Our supposition support earlier
studies where Shatavari produced higher anti-body titers, cytopro-
tection and increased host resistance to tumors in experimental
models (Thatte and Dahanukar, 1988; Diwanay et al., 2004; Rao,
1981; Seenaetal., 1993; Yun and Lee, 2005). Levamisole as expected
showed generalized activation of Th1 and Th2 immunity; with
higher Th1 preference (IFN-g/IL-4 ratio) that is consistent with
its previous reports (Tables 1-3) (Szeto et al., 2000). Additionally,
ARE showed significant proliferative effects on T and B lympho-
cytes in presence of antigenic stimulus, which further supports
its adjuvant role to activated lymphocytes (Shive et al.,, 2000)
(Figs. 1 and 2). Maximum tolerable dose of (2000 mg/(kg b.w.)) with
no toxicological consequences suggest ARE is safe to use. It is thus
reasonable that bioassay active guided fractionation and in-depth
studies on selective activation of transcriptional factors favoring
Th1 or Th2 cytokines might provide important information on the
molecular mechanisms of such interaction. For instance, gineno-
sides, closely related steroidal saponins, present in ginseng mediate
immunomodulatory effects through different immune targets (Eui-
joon et al., 2006). Present study concludes stimulatory effects of
ARE on both Th1 and Th2 immunity.

In summary, our results demonstrate in vivo effects of ARE on
effector T cell immunity and suggest its use in conditions where
broader stimulation of Th1 and Th2 immunity is required (Whelan
et al.,, 2003; Patwardhan and Gautam, 2005). Standardized extracts
such as ARE may provide newer adjuvant moieties for safer mod-
ulation of host immunity (Patwardhan et al., 2004; Patwardhan,
2000; Jun-ling et al., 2006).
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