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Abstract

aqueous (AQ) and alcoholic (ALC) extracts.

extracts.

Background: Immuno-modulatory effects of ginseng, including both immuno-stimulatory and immuno-
suppressive effects, have been widely reported. This study aims to determine whether the paradoxical immuno-
modulatory effect is related to unique phytochemical profiles of different North American (NA) ginseng, namely

Methods: AQ and ALC extracts were prepared and their immuno-bioactivity were studied in vitro in murine
macrophages (Raw 264.7) through measuring the direct stimulatory production of pro-inflammatory mediator and
cytokines as well as the suppression of lipopolysaccharide (LPS)-stimulatory response by the two extracts. Gel
permeation chromatography was used to fractionate and isolate phytochemicals for characterization of ginseng

Results: AQ extract up-regulated the production of nitric oxide (NO), tumour necrosis factor-o. (TNF-a) and
interleukin-6 (IL-6) while ALC extract did not. ALC extract but not AQ extract suppressed LPS-induced macrophage
NO and TNF-a production. These immuno-stimulatory and suppressive effects were exhibited at similar extract
concentrations. Moreover, the macrophage-stimulating activity of the AQ extract was inhibited in the presence of
ALC extract. Fractionation of AQ extract revealed the presence of two major peaks at 230 nm with average
molecular weights of 73,000 and 37,000 Da. The first fraction had similar elution volume as the crude
polysaccharide (PS) fraction isolated from the AQ extract, and it was the only bioactive species. Parallel
fractionation study of ALC extract yielded similar elution profiles; however, both sub-fractions were devoid of PS.
Fraction | of the ALC extract suppressed LPS-induced NO production dose-dependently.

Conclusion: ALC extract of NA ginseng, which was devoid of PS, was immuno-inhibitory whereas the AQ extract,
which contained PS, was immuno-stimulatory. These extract-related anti-inflammatory and pro-inflammatory effects
may be considered as the Yin and Yang actions of ginseng.

Background

Ginseng is a perennial herb of the Araliaceae family.
Asian ginseng (Panax ginseng C.A. Meyer, Renshen) and
NA ginseng (Panax quinquefolius L., Xiyangshen) are
the most commonly used ginseng species. While Asian
ginseng has been used for thousands of years as tonic to
improve overall health, restore the body to balance, help
the body to heal itself and reduce stress [1], the medic-
inal use of NA ginseng traces back about 400 years ago.
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Canada is currently the largest producer of NA ginseng
[1-3]. Recognized by the Canadian regulatory agency as
a natural health product for use as an adaptogen (biolo-
gical response modifier) [4], NA ginseng is a multi-
action herb with a wide range of pharmacological effects
on the central nervous system, cardiovascular system
and endocrine secretion, reproductive and immune
function [5].

Ginseng has influences on both the innate and adap-
tive immunity. Macrophage-mediated innate immunity
is the first line of defence against microbial pathogens
and influences the subsequent adaptive immune
response. Macrophages kill pathogens and cancer cells
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directly via phagocytosis and indirectly via the produc-
tion of various pro-inflammatory mediators (e.g. NO)
and cytokines (e.g. TNF-a) [6]. However, over produc-
tion of pro-inflammatory mediators [7] may result in
inflammatory diseases and/or tissue injury which are
then managed by immune-suppressive agents. Modula-
tion of macrophage function, e.g. up-regulation of
inflammatory mediator production in vitro or suppres-
sion of its stimulation by LPS has been used as an
experimental tool to evaluate immuno-stimulatory and
anti-inflammatory potency of herbal products respec-
tively [8].

Ginseng contains bioactive compounds such as ginse-
nosides, which are steroidal saponins containing differ-
ent sugar moieties and possessing different lipid-
solubility [5] and polysaccharides (PS) consisting of
complex chain of monosaccharides rich in L-arabinose,
D-galactose, L-rhamnose, D-galacturonic acid, D-glu-
curonic acid and D-galactosyl residue [9,10]. Choice of
solvents influences the bioactive components in the
extracts. This factor is often overlooked by many inves-
tigators who focus mainly on biological activities.

Inconsistent immuno-modulatory effects of ginseng
have been reported, including both immuno-stimulatory
and immuno-suppressive effects [11-22]. The basis for
the apparent paradoxical immuno-modulatory effects is
unclear but may be attributed to different experimental
conditions, e.g. choice of extraction solvents.

The objectives of this study are (1) to characterize the
apparent paradoxical effects of ginseng by examining
the immuno-modulatory effect of AQ and ALC extracts
prepared from 4-year-old Ontario grown NA ginseng
roots in RAW 264.7 murine macrophage cell line and
(2) to explore the characteristics of the immuno-modu-
latory bioactive substances of ginseng.

Methods

Ginseng and its extracts

Four-year-old NA ginseng roots collected in 2007 from
five different farms in Ontario, Canada were provided
by the Ontario Ginseng Growers Association. Ginseng
extracts from each farm were prepared individually and
combined to produce composite extracts which were
used for phytochemical and pharmacological studies.

Materials

RAW 264.7 (ATCC TIB 67) murine macrophage cell
lines were provided by Dr Jeff Dixon (Department of
Physiology and Pharmacology, University of Western
Ontario, Canada). Sephadex G75 was purchased from
GE healthcare bio-sciences AB (Sweden). Cell culture
medium and reagents were purchased from Gibco
laboratories (USA). BD OptEIA ELISA kits tumour
necrosis factor-a and interleukin-6 (BD Biosciences,
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USA). LPS from Escherichia coli and Griess reagent
were purchased from Sigma-Aldrich (USA).

Preparation of the AQ, ALC and crude PS ginseng
extracts
Dried ginseng root samples were shipped to Naturex
(USA) for extraction. Samples were ground between %
and % inch and used to produce the AQ or ALC
extract. Briefly, 4 kg ground ginseng roots were soaked
three times during five hours in 16 L of water or etha-
nol/water (75/25, v/v) solution at 40°C. After extraction,
the solution was filtered at room temperature. The
excess solvent was then removed by a rotary evaporator
under vacuum at 45°C. The three pools were combined
and concentrated again until the total solids on a dry
basis were around 60%. These concentrates were lyophi-
lized with a freeze dryer (Labconco, USA) at -50°C
under reduced pressure to produce AQ or ALC ginseng
extract in powder form. Yield of the powder extracts
from the concentrates was about 66%. The yields of the
final extract (mean + standard deviation of % extractive)
from the initial ground root were 41.74 + 4.92 and
35.30 £ 5.01 for the AQ and ALC extracts respectively.
A solution of AQ extract in distilled water (10 g/10
mL) was prepared, and the crude PS was precipitated by
the addition of four volumes of 95% ethanol. The PS
fraction was collected by centrifugation at 350 x g
(Beckman Model TJ-6, USA) for 10 minutes and lyophi-
lized to produce the crude PS extract.

Chromatography of ginseng extracts

High performance liquid chromatography (HPLC) analysis
for ginsenoside determination

HPLC analysis on the composition of ginsenosides in
AQ and ALC extracts (100 mg/ml methanol) was per-
formed with a Waters 1525 HPLC System with a binary
pump and UV detector. A reversed-phase Inspire C18
column (100 mm x 4.6 mm, i.d. 5 pm) purchased from
Dikma Technologies (USA) was used for all chromato-
graphic separations. Gradient elution consisted of [A]
water and [B] acetonitrile at a flow of 1.3 mL/min as
follows: 0 min, 80-20%; 0-60 min, 58-42%; 60-70 min,
10-90%; 70-80 min, 80-20%. Absorbance of the eluates
was monitored at 203 nm.

Sephadex G-75 chromatography

Five hundred milligrams (500 mg) of AQ or ALC ginseng
extract was dissolved in 5 mL distilled water and then frac-
tionated by loading to a calibrated Sephadex G-75 column
(47 x 2.5 cm) equilibrated and eluted with distilled water
mobile phase at 4°C with a flow rate of 1 mL/min. Absor-
bance of the eluates was monitored at 230 nm. Fractions
(5 mL) were collected and four major fractions (I-IV) were
collected and lyophilized to produce four sub-fractions
(I-IV) for the study of bioactivity distribution.



Azike et al. Chinese Medicine 2011, 6:21
http://www.cmjournal.org/content/6/1/21

Size exclusion chromatography for PS analysis

Size exclusion chromatography of AQ, ALC and PS gin-
seng extract was carried out at 40°C with an AquaGel
PAA-200 Series column (8 x 300 mm, PolyAnalytik,
USA) connected to a Viscotek (Varian Instruments,
USA) gel permeation chromatography system with
Omnisec software (version 4.5, Viscotek, USA) for data
acquisition. Solutions of AQ, ALC and PS extract (5
mg/mL) were filtered with 0.2 pm nylon filter and used
for analysis. Each sample (100 pl) was injected and
eluted with 0.05 M sodium nitrate (NaNQO3) mobile
phase at a flow rate of 1 mL/min and monitored using a
multiple detectors system for light scattering, refractive
index and viscosity. Pullulan polysaccharide reference
standard was analyzed as a positive control.

Cell culture

Mouse macrophage cell line RAW 264.7 was cultured in
Dulbeccos Modified Eagle’s Medium supplemented with
10% Fetal Bovine Serum, 25 mM HEPES, 2 mM Gluta-
mine, 100 IU/ml penicillin and 100 pg/ml streptomycin.
Cells were seeded in 96-well tissue culture plates at a
density of 1.5 x 10° cells per well and maintained at 37°
C in a humidified incubator with 5% CO, and weekly
passage and used for experiments at 60-80% confluency.

Cell treatment

Immuno-stimulatory effect

Experiment to evaluate dose-related stimulation of
inflammatory mediators profile in vitro was carried out
by treating and incubating macrophages (1.5 x 10° cells/
well) with 0, 20, 50 and 200 pg/ml of ginseng extracts
or 1 pug/mL of LPS (positive control) for 24 hours. The
end-points were the 24 hours-production of NO, TNF-a
and IL-6 inflammatory mediators.

Immuno-suppression of LPS-induced effect

To examine the direct inhibitory effect of ginseng
extracts on LPS-stimulated immune function, we pre-
treated the macrophages with 0, 10, 50, 100 or 200 pg/
ml of ginseng extracts two hours prior to the addition
of 1 pg/mL of LPS. The 24-hour cytokine production
induced by LPS was determined by measuring NO,
TNF-a and IL-6 levels in the culture medium.
Suppression of AQ extract-induced macrophage NO
stimulation by ALC extract

Production of NO by 1.5 x 10° macrophages/well in a
96 well-plate induced by 0, 50 and 200 pg/ml of AQ
ginseng extract was determined 24 hours after the pre-
sence and absence of 200 pg/ml ALC ginseng extract.
Quantification of NO, TNF-¢c and IL-6

TNF-a and IL-6 concentrations in supernatants from
cultured cells were analyzed with ELISA. Samples were
evaluated with mouse cytokine-specific BD OptEIA
ELISA kits (BD Biosciences, USA) according to the
manufacturer’s protocol. NO production was analyzed
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as accumulation of nitrite in the culture medium. Nitrite
in culture supernatants was determined with Griess
reagent (Sigma-Aldrich, USA). Briefly, 50 uL of culture
supernatant from each sample were transferred to wells
of a 96-well U-bottom microtiter plate, 50 pL Griess
reagent (containing 0.5% sulfanilic acid, 0,002% N-1-
naphtyl-ethylenediamine dihydrochloride and 14% gla-
cial acetic acid) was then added. The absorbance at 550
nm wavelength was measured using Multiskan Spectrum
microplate reader (Thermo Fisher Scientific, Finland)
with Skanlt software (version 2.4.2, Thermo Fisher
Scientific, Finland). Sample nitrite concentrations were
estimated from a sodium nitrite standard calibration
curve.

Statistical analysis

Each cell culture experiment was performed at least
three separate times. All statistical analyses were per-
formed with GraphPad prism 4.0a Software (GraphPad
Software Inc., USA). Data were presented as the mean *
standard deviation (SD) of triplicates from three inde-
pendent experiments. Data sets with multiple compari-
sons were evaluated by one-way analysis of variance
(ANOVA) with Dunnett’s post-hoc test. P < 0.001 was
considered to be statistically significant.

Results

Phytochemical characteristics of the AQ and ALC ginseng
extracts

HPLC analysis of the AQ and ALC ginseng extracts
showed significant differences in the total ginsenoside
(Rby, Re, Rc, Rd, Rg; and Rb,) content and profiles.
ALC extract contained over twice as much amount of
total ginsenosides as the AQ extract, namely 28.25% vs.
13.87% dry weight of extract. Rb; and Re were the two
most predominant ginsenosides in both extracts but the
Rb;/Re ratio was higher in the ALC extract, namely 1.8
vs. 1.1. No detectable levels of Rh; were measured.

Immuno-stimulatory effect of the AQ and ALC ginseng
extracts in macrophages in vitro

Evaluation of the immuno-stimulatory effect of the gin-
seng extracts on RAW 264.7 murine macrophages
revealed that exposure to 20-200 pg/mL of AQ extract
significantly up-regulated macrophage production of
NO, TNF-a and IL-6 compared to untreated control in
a concentration-dependent manner (Figure 1). The
responses to 200 pg/mL of AQ extract in NO and TNEF-
o production were similar to the maximum stimulatory
response induced by 1 pg/mL of LPS. Moreover, the
magnitude of maximum stimulatory response pertaining
to NO and TNF-a (as a % of the positive control) was
much greater that of IL-6. By contrast, the ALC extract
had no apparent immuno-stimulatory effect (Figure 1).
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Figure 1 Immuno-stimulatory effects of the AQ and ALC ginseng extracts on 24 hours macrophage production of (A) NO, (B) TNF-a
and (C) IL-6. Murine macrophages (RAW 264.7 cells) were treated with or without AQ and ALC ginseng extracts (20, 50, 200 pg/ml), LPS (1 ug/
ml) for 24 hours and the culture supernatants were analysed for NO and TNF-a/IL-6 by Griess reaction assay and ELISA respectively. Three
independent experiments were performed and the data were shown as mean + SD. Datasets were evaluated by ANOVA. * Values P < 0.001
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Effect of the AQ and ALC ginseng extracts on LPS-
stimulated production of NO and TNF-a. in macrophages
in vitro

Figure 2 showed the influence of ginseng extract treat-
ment on LPS-stimulated NO and TNF-o production in
macrophages. LPS stimulated 24-hour production of
NO markedly, which was significantly suppressed in the

presence of 20-200 pg/ml of the ALC extract in a dose-
dependent manner (Figure 2). This inhibitory effect
appeared to be extract-specific as the AQ extract was
marginally effective and only at high concentrations
(Figure 2). Figure 2 also showed that the influence of
ginseng was cytokine-specific, i.e. the magnitude of inhi-
bition by ALC extract was much smaller with respect to
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Figure 2 Effect of the AQ and ALC ginseng extracts on LPS-stimulated 24 hours macrophage production of (A) NO and (B) TNF-o.
Murine macrophages (RAW 264.7 cells) were pre-treated with without the AQ and ALC ginseng extracts (50, 200 pg/ml), for two hours after
which LPS 1 pg/ml was added; and 24 hours later the NO and TNF-a. contents of the culture supernatants were determined by Griess reaction
assay and ELISA, respectively. Three independent experiments were performed and the data were shown as mean + SD. Datasets were
evaluated by ANOVA. * Values P < 0.001 compared to the LPS positive control were statistically significant.
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TNEF-o production. Moreover, the AQ extract had either
no inhibitory effect at high concentration or additive
effect at low concentration.

Suppression of the AQ ginseng extract-induced immuno-

stimulation by the ALC ginseng extract

To further study the apparent extract-specific paradoxi-
cal immuno-modulatory effects of ginseng, we carried
out an experiment to determine whether the immuno-
stimulation induced by the AQ extract could be sup-
pressed by concurrent treatment with the ALC extract.
The dose-related up-regulation of NO production in
macrophages by the AQ extract was reduced by 50-65%
with exposure to equivalent concentrations of the ALC
extract (Figure 3).

Immuno-stimulatory and immuno-suppressive
components of the AQ and ALC ginseng extracts

To further study the apparent extract-specific paradoxical
immuno-modulatory effects of ginseng, we examined the
extract-specific bioactive compounds that mediated these

effects. Gel filtration of the AQ extract on a Sephadex G-
75 column resulted in the appearance of two major peaks
(Fractions I and III) based on the absorbance at 230 nm
(Figure 4A). The estimated average molecular weights of
Fractions I and III were about 73,000 and 37,000 Da
respectively; and their yield accounted for 28% and 40%
by dry weight of the AQ extract respectively. Since PS of
ginseng possesses an immuno-stimulatory effect
[9,10,13,23], the crude PS fraction was isolated from the
AQ extract by alcohol (40%) precipitation (with a yield of
10% by weight) and was subjected to similar chromato-
graphic procedure for comparison. As shown in Figures
4A and 4C, the major PS peak had a similar elution
volume as Fraction I of the AQ extract.

Figure 5 showed the data concerning the stimulation
of cytokine production in macrophages by these frac-
tions. Stimulatory activity of Cold-Fx, a commercial nat-
ural health product with well established immuno-
stimulatory activity [9,10], was included as a reference.
The immuno-stimulatory activity with respect to NO
and TNF-a production was associated only with
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Figure 3 ALC ginseng extract suppressed up-regulation of macrophage NO production by the AQ ginseng extract. Murine macrophages
(RAW 264.7 cells) were pre-treated with or without the 200 ug/ml ALC ginseng extracts (50, 200 ug/ml), for two hours after which the AQ

ginseng extract (50, 200 pug/ml) was added, and the NO contents of the culture supernatants were determined by Griess reaction assay 24 hours
later. Three independent experiments were performed and the data were shown as mean + SD. Datasets were evaluated by ANOVA. * Values P

macromolecules of Fraction I but not Fraction III and
the potency of the former was similar to the PS extract
and was better than Cold-Fx. Fraction I was less active
than the PS extract in terms of IL-6 production. Since
PS and Fraction I corresponded to 10% and 28% of the
AQ extract by weight, it appeared that these isolated
chemical constituents could only account for part of the
observed immuno-stimulatory activities of the AQ
extract on the basis of the difference in their immuno-
stimulatory potency.

Fractions I (10%) and III (64%) obtained from Sepha-
dex chromatographic profile of the ALC extract con-
tained no immuno-stimulatory activity (data not shown).
Fraction I was not affected by treatment with 40% etha-
nol (data not shown). This observation was consistent
with the lack of PS in the ALC extract. Figure 6 indi-
cated that Fraction I of ALC extract was particularly
more active than Fraction III: causing significant and
dose-dependent reduction in 24-hour NO production by
macrophages induced by 1 pg/mL LPS. Moreover, treat-
ment with 200 pg/ml of Rb; and Rg,; did not have sig-
nificant effects on LPS-induced 24-hour NO production
in macrophages (data not shown).

In view of the similarity in the Sephadex G-75 profile
of the AQ and ALC extracts, we used more specific
chromatographic technique to differentiate the macro-
molecular constituents from the two extracts. Light scat-
tering data in Figure 7 showed the presence of PS in
Peak I of AQ extract on the basis of its similarity to the

polysaccharide reference and the crude PS fraction iso-
lated from ginseng. By contrast, Peak I of the ALC
extract contained no detectable PS.

Discussion
The present study delineated the paradoxical immuno-
modulatory effect of ginseng and provided a basis for
explaining the apparently contradictory reporting in the
literature. The observed extract-specific immuno-stimu-
latory and immuno-suppressive effects were described
independently by a number of investigators who exam-
ined the activity of the aqueous [11-15] or alcoholic
[16-21] extracts of ginseng. Moreover, there was a pat-
tern of association of immuno-stimulation and immuno-
suppressive activities with aqueous [11-15] and alcoholic
[16-21] extracts respectively, with the exception of a
study showing an aqueous extract to possess immuno-
suppressive effect [22]. In light of the observed paradox-
ical effects and similarity in the yield (% extractive of
41.4 and 35.3) and potency of the AQ and ALC extracts
(Figure 1 and 2), we consider the extract-specific inhibi-
tory and stimulatory effect on macrophage function
reported in the present study as the Yin and Yang
actions of ginseng. This concept was considered as an
extension of the Yin and Yang actions of ginseng pro-
posed by other investigators on angiogenesis [24] and
cancer cell proliferation [25,26].

Findings on the macrophage-stimulating effect of NA
ginseng (Figure 1) have provided new information on



Azike et al. Chinese Medicine 2011, 6:21
http://www.cmjournal.org/content/6/1/21

Page 7 of 11

A
North American ginseng aqueous extract
5 — | -« Il - «— Il - —IV—
g 18
S 16 1
8 \
™ q4a ‘
@
g 3¢ Rl
£ .. L pral
s 1 ?
o [ + F 2"
e
o : : : : :
0 100 200 300 400 500 800
Elution volume (ML)
B
North American ginseng alcoholic extract
s — - «—ll - «— lll - «—IV—
£ 14 B
i 1 !
5 41
e 21
Sos
§ [+ I %
Sou & 7|
g 0.4 \
D
0 .
0 100 200 300 400 500 600
Elution volume (ML)
C
North American ginseng polysaccharide extract
1.4 - — PS —
g12
& A
9 11
w@
SR
0 I
204 4 \
< f\-ﬂ
02 ot
R ) T ————
0
0 100 200 300 400 500 800
Elution volume (ML)
Figure 4 Sephadex G-75 (47 x 2.5 cm) chromatographic fractionation of the (A) AQ, (B) ALC and (C) PS extracts of ginseng. Column
was loaded with 500 mg of extract, and then eluted with distilled water at flow rate of T mL/min. The y-axis is the absorbance at 230 nm while
the x-axis represents the elution volume (mL).
J

cells (PBMC) [27]. Moreover, the changes reported
above were not due to LPS contamination of the
extracts as documented by Limulus test and direct LPS
assay. The potency of the AQ extract was significant in
that its stimulatory activities per unit weight is either
similar or better than that of Cold-Fx, a licensed Cana-
dian Natural Health Product enriched in polysaccharides

the immuno-stimulatory property of ginseng in term of
its cytokine specificity and dose dependency, which also
reflected on the specific pharmacological basis of its bio-
logical activity. In a separate study we have also demon-
strated that the same AQ extract stimulated
inflammatory cytokines (IL-1B, IL-6, TNF-a) as well as
IL-10 response by human peripheral blood mononuclear
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the data were shown as mean + SD. Datasets were evaluated by ANOVA. *Values P < 0.001 compared to the untreated (vehicle) control were
statistically significant.
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for the management of common cold and upper respira- Rb; ginsenoside purified from an alcoholic ginseng
tory infections [9,10]. extract induced an anti-arthritic effect in an animal

While ginseng is generally regarded as an immuno- model [28]. The present study also showed that the
booster or adaptogen [1], a recent study reported that inhibitory effect of the ALC extract could be extended
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axis is the detector response (mV) while the x-axis represents the retention volume (mL). No signal was detected with the ALC extract,
suggesting the absence of polysaccharides in this extract.
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to the stimulation induced by the AQ extract, suggesting
that both immuno-stimulatory and immuno-suppressive
components were present. Use of certain solvent sys-
tems may lead to an inactive extract. Although the mag-
nitude of the inhibition on LPS-induced NO response
by the ALC extract was quite significant, the suppressive
effect was highly specific to the cytokine involved since
the TNF-a response was not affected. Furthermore, this
study showed that the ALC extract did not affect
inflammatory response to LPS in monocytes and T-cells
isolated from human PBMC [27]. Further studies are
required to address the target cell and signalling path-
ways specificity of the ALC extract.

Many medicinal plants possess immuno-stimulatory
activity and polysaccharides have been recognized as the
primary bioactives [23]. In this study, relative abundance
of PS (Fraction I) in the AQ extract (Figure 4) was well
correlated with its immune-stimulatory activity (Figure
5). Plant bioactive polysaccharides were reported to have
molecular weights ranging from 10,000 to 150,000 Da
[9,10]. The estimated molecular weight of the ginseng
immuno-stimulatory PS reported in our study was
within this range. Figures 1 and 5 indicated that the
total macrophage-stimulating activity of the AQ extract
was not solely due to Fraction I and/or the PS fraction
since the immuno-stimulatory effects of the AQ extract
were more potent than those of the PS or Fraction 1. It
is possible that some of the bioactive material was lost
during isolation or fractionation procedures. It has been
suggested that ginsenosides may be involved immuno-
suppression [16,19,20], which is consistent with the
higher total ginsenoside levels with the ALC extract.
However, this study showed that ginsenosides Rb; and
Rg; were not active and that the inhibitory activity was
associated with macromolecular Fraction I (molecular
weight of 66,000-82,000 Da). Figure 7 indicated that it
was not PS. This finding should provide new directions
for researchers exploring anti-inflammatory agents in
ginseng.

Findings on the extract-specific immuno-modulatory
effect have significant implications in the safety, manu-
facturing, production, development and regulation of
products based on ginseng extracts. It is unknown
whether the use of organic solvents or the extraction
protocol may influence the potency and characteristics
of the extracts of other ginseng species. It is imperative
to carry out a systematic analysis of the physiochemical
characteristics of various ginseng extracts to determine
how these parameters may influence their immuno-
modulatory properties. The present study provides a
lead for identifying immuno-bioactive constituents of
ginseng.
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Conclusion

ALC extract of NA ginseng, which was devoid of PS,
was immuno-inhibitory whereas the AQ extract, which
contained PS, was immuno-stimulatory. These extract-
related anti-inflammatory and pro-inflammatory effects
may be considered as the Yin and Yang actions of
ginseng.
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