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Abstract

Medicinal properties of Asparagus racemosus (vernacular name: Shatavari) are attributed to its steroidal saponins called
shatavarins. This plant is facing the threat of being endangered due to several developmental, seasonal constrains and malpractices
involved in its collection and storage. To support its conservation, a tissue culture protocol is standardized which produces 20 fold
higher levels of shatavarin. Here we evaluate the bioactivity and immunomodulatory potential of in vitro produced shatavarins from
cell cultures of AR using human peripheral blood lymphocytes. In vitro produced shatavarin stimulated immune cell proliferation
and IgG secretion in a dose dependent manner. It stimulated interleukin (IL)-12 production and inhibited production of IL-6. It
also had strong modulatory effects on Th1/Th2 cytokine profile, indicating its potential application for immunotherapies where
Th1/Th2 balance is envisaged. Our study demonstrating the bioactivity of tissue cultured AR extracts supports further in vivo

evaluation of its immunomodulatory efficacy.
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INTRODUCTION

Asparagus racemosus (AR) root (local name Shatavari) is
widely used for its steroidal saponins called shatavarins
[Figure 1]. AR is of therapeutic interest due to its role as
immunomodulant, galactogauge, adaptogen, antitusive,
anticarcinogen, antioxidant, antidiarrheal and as a general
tonic.l"% The plant is being endangered because of several
seasonal and developmental constrains in the conventional
multiplication strategies employed for its propagation. AR
is conventionally propagated through seeds the efficiency
of which is low,”” which necessitates development of
alternative methods of its propagation. Several tissue
culture methods of AR were tried in 1980s!'*!"l and recently,
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our group has reported a protocol for establishing callus and
suspension cultures (SCs) of AR, which can be maintained
easily under effecient laboratory conditions. These cultures
stably produce high levels of saponins both intracellularly

and extracellularly.'>"’

The applicability of a tissue culture
protocol as a supportive conservation strategy will depend
highly on the quality and quantity of shatavarins produced
in vitro. The wild type AR root extract (WRE) is a well-
known immunomodulator. Several studies have reported
immunomodulatory effects of WRE. It is reported to
restore lymphocyte and neutrophil counts.l” It modulates
macrophage activation!"" and delays tumour development
in experimental animals.”! Immunomodulatory effects
of crude WRE extracts on tumor necrosis factor-alpha

119 Tt also acts

secretion and phagocytosis is also reported.
as an immunoadjuvent in animal and has strong impact
on systemic Th1/Th2 immunity."”" Hence in the current
study we tested the immunomodulatory properties of
in vitro produced saponins and compared it with WRE by
evaluating IgG production, cell viability and proliferation,
cytokine production using unstimulated and stimulated

peripheral blood lymphocyte (PBLs).
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Figure 1: The structure of shatavarin IV: Steroidal saponin from
Asparagus racemosus

MATERIALS AND METHODS

Plant material, callus and cell culture of Asparagus racemosus
The authors have reported a detailed methodology
for the callus induction and cell culture of AR. Briefly,
Field grown AR plants were first authenticated by Dr.
Dongarwar, Taxonomist, Department of Botany, RTM
Nagpur University, India. A Voucher specimen (Ac. No.
9869) was deposited at the University herbarium. Nodal
explants of AR plants were grown on Murashige and
Skoog medium with full concentrations of Vitamin and 3%
sucrose,™ supplemented with naphthalene acetic acid (1.0
mg/1), 2.4-dichlorophenoxyacetic acid (2,4-D, 1.0 mg/1)
and 6-benzyl aminopurine (0.5 mg/l) was autoclaved at
121°C and 1.06 kg/cm? for 20 min. Slants were prepared
and explants were inoculated for raising callus cultures.
Tubes were exposed to a 16 h photoperiod at 25°C +
2°C and subcultured at regular intervals of 3 weeks. The
above cultures were subsequently used to initiate cell SCs
as reported previously.>"!

Extraction and analysis of shatavarin

Extraction and quantification of total shatavarins from
the dried plant roots, callus and the spent media were
performed as per the previously published method.
Briefly, cells and the media were extracted separately with
methanol (1:2) overnight and the procedure was repeated
4 times. The extracts were pooled and concentrated under
reduced pressute on a rotary evaporator at 60°C to dryness.
The dried residue was re-dissolved in 10 ml of H,O and
extracted with n-butanol. The n-butanol fraction was
concentrated, dried and re-dissolved in 5 ml of methanol.
This reconstituted sample was stored till further analysis.
Shatavarin IV (Natural Remedies, Bengaluru, India) was
used as a marker for the quality control of the WRE;
hence it was used as a standard for the assay of the
in vitro cultures in this study. Stock solution of shatavarin

IV (100 mg/ml) was prepared in methanol, and a series
of standard shatavarin IV and sarsapogenin solutions
with concentrations ranging from 10 mg/ml to 500 mg/
ml were obtained by dilution of the stock solution by
methanol (99.9%). The solutions were filtered through
2 0.2 wm acrodisc and analysed by reversed-phase high-
performance liquid chromatography as reported earlier.'>")
High performance thin layer chromatography was carried
out using linomat IV spotter and densitometer (CS-9301
PC, Shimadzu) and shatavarins from 7z vitro cultures were
quantified.”"! WREs were prepated in a similar manner.
20 g of dried root powder was extracted with n-butanol
and concentrates were then re-dissolved in methanol.

Isolation of peripheral blood lymphocyte and its culture

To isolate PBLs from human blood (after taking
informed concent) was used. 5 ml of heparinised blood
was diluted 1:1 with Roswell Park Memorial Institute
Medium - 1640 (RPMI — 1640) medium containing 10%
new-born calf serum and antibiotic-antimycotic solution
(10,000 U penicillin, 10 mg streptomycin, amphotericin
B - ug/ml in 0.09% NaCl) and layered catrefully over
2.5 ml of histopaque-1077 in a 8 ml centrifuge tube.
This was centrifuged at 1000 rpm for 20 min. Buffy
coat containing lymphocytes was aspirated in a fresh
tube, washed twice with RPMI medium and once with
0.87% ammonium chloride followed by washing with
the medium.?? The lymphocytes were pelleted and
resuspended in 1 ml RPMI medium. This was kept in
the CO, incubator till further use. A part of it was used
to test the viability using trypan blue staining.

Viability and proliferation assay

Peripheral blood lymphocytes were cultured in duplicate
in 96 well microtiterplate (TPP, Europe/Switzerland) at a
density of 2 X 10° cells/well with and without mitogens
(Lipopolysaccharide [LPS] and Con A). The cells were
grouped into two, namely unstimulated and stimulated.
Lymphocytes were stimulated by mitogens: 10 ug/ml
LPS (Sigma Co., St. Luis, MO, USA) for specifically
enriching B-cells and with Con-A 10 ug/ml to enrich
T-cells. Unstimulated lymphocytes were cultured without
the addition of any mitogen and served as control. These
two groups of cells were then cultured with or without
the extracts (—500 pg/ml) and cells were incubated at
37°C in 5% CO, for different time intervals (24, 48 and
72 h). After 72 h of incubation, 20 Ul of XTT (2,3-bis
[2-methoxy-4-nitro-5sulfophenyl ]|-2H-tetrazolim-6-
carboxanilideinnersalt;] mg/m; Sigma, St. Louis, M.O.)
containing Phenazine methosulfate (0.92 mg/ml XTT)
(Sigma, St. Louis, M.O.) was added to the wells. After 4 h
of incubation, plates were read at a test wavelength of
450 nm. Medium blanks were used to calculate the mean
background values.
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Assay for IgG production by enzyme linked immunosorbent assay
Enzyme linked immunosorbent assay (ELISA), procedure
was used for the detection of IgG in the culture supernatant
After 72 h of culture, PBLs from all the three experimental
groups were centrifuged at 500 Xg, to obtain cell free
supernatant.”*4 100 pl of the culture supernatants was
coated on flat-bottom 96-well plates, for 3 h at 37°C.
The wells were washed thrice with phosphate buffered
saline (PBS), pH 7.4. Nonspecific sites were blocked by
adding 100 uL. of PBS containing 0.5% bovine serum
albumin, at 37°C for 1 h. After blocking, wells were
washed with PBS, followed by addition of 100 puL of
affinity-purified horseradish peroxidase-conjugated rabbit
antihuman IgG (1:10,000 diluted in PBS) (Genei, Banglore,
India), for 1 h at 37°C. After 1 h of incubation, wells
were again washed with five changes of PBS. 100 ul of
3,3’,5,5-tetramethylbenzidine/H,O substrate solution was
added into the wells and incubated at room temperature,
for about 15 min. The reaction was stopped with 100 ul
of 2.5 N sulphuric acid, and plates were read at 450 nm.
Results are expressed in units /ml.

Cytokine assays: Interleukin (IL)-4, IL-6 and IL-12 were
assayed in the culture supernatants using solid phase
sandwich ELISA (Bender MedSystems). Assay was carried
out as per the instruction manual of the kit.

Statistical analysis
Data is presented as mean T standard error one-way
analysis of variance was used for the statistical evaluation

of the data. The results were considered significant at a
value of P < 0.05.

RESULTS

A preliminary cell viability test was performed to confirm
the use of methanol as a solvent, which showed that
methanolic extracts did not have any adverse effect on the
cell viability. Further experiments were performed using
methanolic WRE and SCs of four selected concentrations,
that is, 25 pg/ml (H1), 50 pg/ml (H2), 100 pg/ml (H3)
and 500 pug/ml (H4). PBLs were divided into three groups,
namely control (without extract and mitogen), unstimulated
(with extracts and without mitogens) and stimulated (with
extracts and mitogens), for studying the effects.

Effect on cell proliferation

Cell proliferation assay was carried out using XTT assay
that correlates the number of viable cell directly to the
colour intensity, which is measured by an ELISA reader.
All the three groups of cells were treated with selected
concentration of extracts and the observations were
recorded after 24, 48 and 72 h respectively. Cells were

viable and showed significant proliferation compared to
the control group at all the tested concentrations of WRE
and SCs. The viability peak was obtained at 50 ug/ml after
48 h in all the three experimental groups [Figure 2a-c].

Effect on B-cell mediated immunity

B-cell responses was measured by assay of secreted
antibodies like IgG and IgM. For such assays, PBLs
were first stimulated with 10 pg/ml of LPS and then
cultured for 72 h in presence of extracts WRE and SCs
[Figure 3a-c]. H4 concentration of both WRE and SCs
induced maximum levels of IgG in LPS stimulated cells
compared to the control groups. This effect was not
observed at other concentrations (H1, H2 and H3). Hence
indicating that both WRE and SCs have a stimulatory effect
on B-cell mediated humoral immunity at a concentration

of 500 pug/ml

EFFECT ON TH1/TH2 DIFFERENTIATION

In the current study stimulated and unstimulated PBLs wete
incubated for 24, 48 and 72 h with SCs and WRE. Culture
supernatants were then assayed for IL-6 and I1L-12. WRE
and SCs had a mild stimulatory effect on 1L-6 secretion, at
H1 (50 ug/ml). However, they had a completely inhibitory
effect at higher concentrations at all the observed time
intervals. In stimulated and unstimulated group of cells a
similar trend was observed. At higher concentrations both
WRE and SCs inhibited IL.-6 production.

WRE and SCs had a stimulatory effect on 11.-12 production.
Unstimulated cells were found to secrete 1L-12 in at high
concentrations (H4) after 72 h only. Among the stimulated
groups, LPS induced cells failed to give 11.-12 expression
with WRE and SCs, but Con-A stimulated cells gave high
IL-12 expression with lower concentrations of both WRE
and SCs. These results indicate that the AR extracts (WRE
and SCs) have inhibitory effect on IL-6 expression and a
stimulatory effect on IL-12 expression |Figures 4a-c and
5a and b].

DISCUSSION

Medicinal properties of AR are attirbuted to
these shataverins. Wild type plant is a well-known
immunomodulator and hence the current study was
designed to test the immunomodulatory effects of saponins
released in the SCs of AR and were compared to those
displayed by WRE. Ir vitro produced steroidal saponins
of AR had similar immunomodulatory properties to
natural plant root extract. The 7 vitro produced shataverins
stimulated immune cell proliferation and IgG secretion in
a dose dependent manner. Many herbal products manifest
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Figure 2: Effect of wild type Asparagus racemosus root extract (WRE) and suspension cultures (SC) on the proliferation of cells: (a) Unstimulated
cells in presence of varied concentration of WRE and SC after 48 h. (b) lipopolysaccharide stimulated cells in presence of varied concentration
of WRE and SCs after 48 h. (c) Con A stimulated cells in presence of varied concentration of WRE and SC after 48 h. (H1, H2, H3 and H4 are
progressively higher concentrations of WRE and SC extracts)
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Figure 3: Effect on B-cell mediated immunity; (a) IgG production in unstimulated cells in presence of wild type Asparagus racemosus root extract
(WRE) and SC after 72 h. (b) IgG production in lipopolysaccharide stimulated cells in presence of WRE and SC after 72 h. (c) I1gG
production in Con-A stimulated cells in presence of WRE and SC after 72 h (H1, H2, H3 and H4 are progressively higher concentrations
of WRE and SC extracts)
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Figure 4: Secretion cytokines interleukin (IL)-6. (a) Secretion of IL-6 by unstimulated cells in presence of wild type Asparagus racemosus root
extract (WRE) and suspension cultures (SC) after 72 h. (b) Secretion of IL-6 by lipopolysaccharide stimulated cells in presence of WRE and SC
after 72 h. (c) Secretion of IL-6 by Con A stimulated cells in presence of WRE and SC after 72 h
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Figure 5: Secretion cytokines interleukin (IL)-12. (a) IL-12 production by unstimulated cells in presence of wild type Asparagus racemosus root
extract (WRE) and suspension cultures (SC). (b) IL-12 production by Con A stimulated cells in presence of WRE and SC
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their effect on immune system by affecting the lymphocyte
differentiation pattern and can alter the cytokine profile or
mimic the effects of cytokines.

Interleukin-6 is a pleotrophic cytokine produced by cells
such as macrophages, dendritic cells, and B-cells and
therefore can influence differentiation of various immune
cells. It has both pro-and anti-immflamatory functions. In
our study WRE and SCs were found to have inhibitory
effect on IL-6 expression. IL-6 has two independent
mechanisms to alter Th1/Th2 differentiation. Firstly, I1.-6
stimulates production of IL-4 by naive CD4 (+) T cells
and helps in their differentiation into effector Th2 cells.
Secondly, IL-6 inhibits Th1 differentiation by up regulating
suppressor of cytokine signaling-1 expression to interfere
with interferon gamma signaling and the development of
Th1 cells. Since both WRE and SCs had an inhibitory effect
on 1L-6, we suggest that these extracts do not drive Th2
differentiation. Our conclusion further gets strengthened
from the findings that WRE and SCs stimulated expression
of II.-12, which is a potent Th1 stimulator. Hence our study
suggests that the extracts have strong modulatory effects
on Th1/Th2 cytokine profile, which needs to be further
explored using 7z vivo studies.
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