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1. Introduction

Ginseng has a long history of use as a traditional medicine; and it is one of the top selling
medicinal herbs in the world. It is a multi-action herb with a wide range of pharmacological
effects on the central nervous system, cardiovascular system and endocrine secretion, and
the reproductive and immune systems [1]. Ginseng is a deciduous, perennial plant of the
Araliaceae family. There are two major species of ginseng: Panax ginseng and Panax
quinquefolius; and the roots are primarily used for medicinal benefits. Ginseng’s wide range
of pharmacological activities is believed to be due to the presence of a host of bioactive
compounds. The primary ones are the ginsenosides, which are steroidal saponins
conjugated to different sugar moieties and polysaccharides (PS) which account for 10-20%
by weight of ginseng.

Polysaccharide components of ginseng have received much attention recently because of the
emergence of different biological activities, such as immunomodulatory, antibacterial, anti-
mutagenic, radioprotective, anti-oxidative, anti-ulcer, antidepressant, anti-septicaemic and
anti-inflammatory activities [2]. Specifically, the polysaccharide fraction of ginseng has been
shown to have immunomodulatory effects in both preclinical and clinical studies [3-6],
although they are poorly characterized.

Several polysaccharides have been identified in P. ginseng and P. notoginseng but these
compounds, including arabinogalactan, pectins, and acidic polysaccharides, have been
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rarely studied in the North American species. They are made up of a complex chain of
monosaccharides rich in L-arabinose, D-galactose, L-thamnose, D-galacturonic acid, D-
glucuronic acid and D-galactosyl residues [7]. The actual structural characteristics and the
heterogeneity of PS components are poorly understood due to a lack of methodologies for
separation as well as quantitative and qualitative analysis.

Most studies have focused on Asian ginseng PS and mostly in vitro experimental models. In
this chapter, we will focus on Panax quinquefolius (American ginseng). The use of gel
permeation chromatography (GPC) with multiple detectors has provided enhanced
resolution for phytochemical analysis. And we have used both in vivo and in vitro models to
evaluate its immunomodulatory activity.

2. Materials

Ginseng. Four-year-old American 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 [6]. The AQ
extract has no detectable endotoxin contamination as determined by Limulus test.

2.1. Chemicals and biologicals

Sephadex G75 was purchased from GE Healthcare Bio-Sciences AB (Sweden). The
Diethylaminoethyl (DEAE)-Cellulose and monosaccharide standards were purchased from
Sigma (Oakville, Ontario). All other chemicals were of analytical grade and used as
received. Cell culture medium and reagents were purchased from Gibco laboratories (USA).
BD OptEIA ELISA kits tumour necrosis factor-a and interleukin-6 (BD Biosciences, USA).
LPS from Escherichia coli and Griess reagent were purchased from Sigma-Aldrich (USA).

Animals. Adult male Sprague-Dawley rats (200-250g; Charles River, St. Constant, QC,
Canada) were used. The Animal Ethics Review Committee of the Western University
approved the study (Protocol No: 2009-070).

3. Methods

Preparation of the aqueous (AQ) and polysaccharide (PS) ginseng extracts. Dried ginseng
root samples were shipped to Naturex (USA) for extraction. Samples were ground between
Y4 and %2 inch and used to produce the AQ extract [6]. Briefly, 4kg ground ginseng roots
were soaked three times during five hours in 16L of water 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
lyophilized with a freeze dryer (Labconco, USA) at -50°C under reduced pressure to
produce the AQ ginseng extract in powder form. Yield of the powder extracts from the
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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.

A solution of AQ extract in distilled water (10g/10mL) 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 350xg (Beckman Model TJ-6, USA) for 10 minutes and lyophilized to
produce the crude PS extract.

To prepare the water soluble polysaccharide extract (WSPE), ginseng roots (500 g) were
extracted with 7.0 L of MilliQ (EMD Millipore) water at 100 °C for 4 h and filtered through
sheets of glass fiber. The solid material was extracted twice under identical conditions. The
filtrates were combined, then centrifuged to remove water insoluble materials and
supernatants were concentrated (1.0 L) and precipitated by the addition of 95% ethanol (4 to
1 volumes). After centrifugation, the precipitate was washed and dried by solvent exchange,
tirst using 95% ethanol, and then absolute ethanol. Crude water soluble polysaccharide
extract (WSPE) was obtained with a 20.0 % yield (relative to dry weight of plant material)
(Figure 1).

3.1. Chromatography of ginseng extracts
High performance liquid chromatography (HPLC) analysis for ginsenoside determination

HPLC analysis on the composition of ginsenosides in the AQ extracts (100mg/ml methanol)
was performed with a Waters 1525 HPLC System with a binary pump and UV detector [6].
A reversed-phase Inspire C18 column (100mmx4.6 mm, i.d. 5um) purchased from Dikma
Technologies (USA) was used for all chromatographic separations. Gradient elution
consisted of [A] water and [B] acetonitrile at a flow of 1.3mL/min as follows: Omin, 80-20%;
0-60min, 58-42%; 60-70min, 10-90%; 70-80min, 80-20%. Absorbance of the eluates was
monitored at 203nm.

Sephadex G-75 chromatography

AQ ginseng extract (500mg) was dissolved in 5mL distilled water and then fractionated by
loading to a calibrated Sephadex G-75 column (47x2.5cm) equilibrated and eluted with
distilled water mobile phase at 4°C with a flow rate of 1mL/min [6]. Absorbance of the
eluates was monitored at 230nm. Fractions were collected and lyophilized for the study of
bioactivity distribution.

Preparation of the de-proteinated water soluble polysaccharide extracts (DWSPE)

WSPE (50 g) were re-dissolved in 1.5 L of MilliQ water and partitioned five times with
Sevag reagent (1:4 n-butanol:chloroform, v/v, 500 mL each) to remove proteins [8].
Polysaccharides were precipitated again by ethanol and dried by solvent exchange. This
procedure yielded 46.0 g of the de-proteinated water soluble polysaccharide fraction
(DWSPE). The procedure for the preparation of DWSPE from P. quinquefolius is shown in
Figure 1.
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Total fractionation of the DWSPE by ion exchange chromatography on DEAE-Cellulose

DWSPE fraction (20 g) was dissolved in MilliQ water (200 mL) and loaded on a DEAE-
Cellulose column (10.0 X 20 cm, CI') pre-equilibrated with MilliQ water. The column was
eluted first with 4.0 L of MilliQ water at a flow rate of 10 mL/min (4 bar column pressure) to
obtain the unbound or neutral fraction (DWSPE-N) and then with 4.0 L of 0.5 M NaCl to
obtain the bound or acidic fraction (DWSPE-A). The fractions were concentrated, dialyzed
(cut off pore size of 2 KDa) against MilliQ water and freeze dried to give 15.0 g (13.8 %) of
the DWSPE-N and 0.9 g (0.83 %) of the acidic fraction DWSPE-A. DWSPE-A (0.6 g) was
dissolved in 50 mL MilliQ water and loaded on a DEAE-Cellulose column (10 X 20 cm, CI).
The column was eluted by a stepwise gradient with 2.0 L of NaCl aqueous solutions (0.0,
0.1, 0.2, 0.3 and 0.5 M each) at a flow rate of 10 mL/min (4 bar column pressure). A total of
120 eluate fractions were collected (50 mL each), dialyzed and lyophilized (Figure 2).

High performance gel permeation chromatography-evaporative light scattering detection (HPGPC-
ELSD) analysis

HPGPC was carried out at 40 °C using a TSK-gel G-3000PWXL column (7.8 X 300 mm,
TOSOH, Japan) connected to a HPLC system coupled with Diode Array and Evaporative
Light Scattering Detectors (DAD-ELSD). The column was calibrated with standard dextrans
(5 to 410 KDa range, Figure 7-B). Ten microliters of 20 mg/mL solutions of DWSPE, DWSPE-
N and DWSPE-A were separately injected and eluted with HPLC grade water at a flow rate
of 0.8 mL/min and monitored using ELSD with a temperature setting at 80 °C.

High performance gel permeation chromatography-multi-detector analysis

AQ and PS ginseng extracts were analysed at 40°C with TSK-gel PWXL G-4000PWXL
column (7.8 X 300 mm, TOSOH, 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 and PS extract (Img/mL) were filtered with 0.2um
nylon filter and used for analysis. Each sample (100ul) was injected and eluted with 0.3M
sodium chloride (NaCl) mobile phase at a flow rate of ImL/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.

3.2. Analysis of the monosaccharides composition in WSPE by HPLC-ELSD

Carbohydrate analysis represents a challenge in analytical chemistry since neutral or
acidic saccharides (mono, oligo and poly) have little UV activity. In our study,
evaporative light scattering detection (ELSD) was used. The ELSD does not require the
solutes of interest to have any optical properties; and the only requirement is that the
eluent be more volatile than the solutes. WSPE (20 mg) was dissolved in 10 mL of 2N HCl
solution and was boiled for 2 h. The hydrolyzed product was neutralized (pH 6-7) and
centrifuged before analysis.
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Figure 1. Preparation of the water soluble polysaccharides extract (WSPE) and the de-proteinated
extract from the roots of 4-year-old Ontario-grown Panax quinquefolius.
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Figure 2. Step wise fractionation of the de-proteinated water soluble ginseng polysaccharide extract
(DWSPE).
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HPLC analysis was conducted using an 1100 series HPLC-DAD-ELSD system (Agilent
Technologies Inc., Santa Clara, CA, USA). To enhance resolution of monosaccharides,
analysis was performed using two separate columns (Figure 2). Glucose, galactose,
arabinose, mannose and xylose were eluted using a Rezex RPM Monosaccharide PB+2 (8%)
(Phenomenex, Torrance, California) column with a mobile phase of 100 % water
(Chromasolv Plus, HPLC grade) isocratically at 80 °C and a flow rate of 0.6 mL/min. The
ELSD temperature was set to 80 °C. Galacturonic acid and rhamnose content were examined
using a Luna 5 u NH2 100A column (Phenomenex, Torrance, California) and eluted with a
mobile phase of acetonitrile and water (80:20) at 40 °C and a flow rate of 3 mL/min. The
ELSD temperature was set to 44 °C.

3.3. Pharmacological evaluation

3.3.1. In vivo study

Adult male rats (250-300 gm) were treated with 125 mg/kg of AQ extract or crude PS
fraction dissolved in saline by gastric garvage (10 ml/Kg bwt) once daily for 3 or 6
consecutive days, and examined 24 hr after the last dose. Animals were anesthetized with
i.m. injection (80 and 5 mg/kg b.wt. ketamine and xylazine, respectively) and the trachea
was cannulated for lung bronchoalveolar lavage (BAL) with Dulbecco’s phosphate-buffered
saline (PBS) to collect alveolar macrophages.

Blood was collected into heparinized tubes from rats by intracardiac puncture, samples
were immediately centrifuged at 3000 rpm for 10 minutes and the plasma was separated,
aliquoted and stored at -20 °C until use.

3.3.2. In vitro study
Cell culture

Rat alveolar macrophages were collected by BAL using cannulated 10-ml syringe with three
10ml washes of PBS. Fluid recovered from BAL was centrifuged at 1000 rpm for 5 minutes.
Cells were cultured in RPMI-1640 medium supplemented with 10% Fetal Bovine Serum
(FBS), 25mM HEPES, 2mM Glutamine, 100IU/ml penicillin and 100pg/ml streptomycin in
96-well tissue culture plates, at a density of 2x10° cells per well at 37°C maintained in a
humidified incubator with 5% COs..

Cell treatment
Immuno-stimulatory effect

Experiments to evaluate dose-related stimulation of inflammatory mediators profile in vitro
were carried out by treating and incubating rat alveolar macrophages with 0, 50, 100 and
200pg/ml of ginseng extracts for 24 hours and washed before challenging with LPS
(1pg/mL) was used as positive control. The 24 hours-production of NO, TNF-a and IL-6 in
culture medium was determined.
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LPS-induced immuno-suppression

To examine the direct inhibitory effect of ginseng extracts on LPS-stimulated immune
function, we pre-treated the macrophages with 0, 50, 100 or 200pg/ml of ginseng extracts for
24 hours and washed before challenging with LPS (1 pg/ml). The 24-hour cytokine
production induced by LPS was determined by measuring NO, TNF-a and IL-6 levels in the
culture medium.

3.3. Quantification of NO, TNF-a and IL-6

TNF-a and IL-6 concentrations in supernatants from cultured cells and plasma were
analyzed with ELISA [6]. Samples were evaluated with rat cytokine-specific BD OptEIA
ELISA kits (BD Biosciences, USA) according to the manufacturer’s protocol. NO production
was analyzed as accumulation of nitrite in the culture medium. Nitrite in culture
supernatants was determined with Griess reagent (Sigma-Aldrich, USA) as previously
described [6].

3.4. Statistical analysis

In vivo and in vitro experiments were performed at least three separate times. All statistical
analyses were performed with GraphPad prism 4.0a Software (GraphPad Software Inc.,
USA). Data were presented as the mean + standard deviation (SD) of triplicates from three
independent experiments. Data sets with multiple comparisons were evaluated by one-way
analysis of variance (ANOVA) with Dunnett’'s post-hoc test. P<0.05 was considered to be
statistically significant.

4. Results
4.1. Phytochemistry

Ginsenoside Compositon. AQ extract contained a total ginsenoside content of 13.87% dry
weight of extract and showed characteristics of Panax quinquefolius with Rb1 and Re as the
predominant ginsenosides, with no detectable Rf and minimal levels of Rg1 (Fig.3).

Crude PS extract. The yield of crude PS fraction by four volumes of 95% ethanol precipitation
was 10 % dry weight of root materials. A representative G-75 chromatographic profile of the
crude PS extract is shown in Figure 4 [6]. The major PS peak (with a elution volume of 100
ML) had an estimated average molecular weight of 73kDa, while there were two minor, less
well- resolved peaks (Fig 4 ).

Monosaccharide composition of the WSPE determined by HPLC-ELSD. Representative
chromatograms showing individual monosaccharides in water soluble polysaccharide
extract (WSPE) are shown in Figure 5 and 6. Glucose was found to be the major neutral
monosaccharide present in WSPE with amounts ranging from 77 to 86 % (w/w). Galactose
and arabinose were present in similar amounts with galactose being present at levels of 6.8
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to 7.5 % (w/w) and arabinose being present at levels between 4.5 to 5.9 % (w/w).
Galacturonic acid was also identified on WSPE at levels ranging from 8.7 to 9.5 % (w/w).
Mannose and xylose were also monitored but were not detected in the sample.

0.08

Rb1

0.06

U

<<
0.04

0.021

0[]0>J T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T
0.00 500 10.00 15.00 20.00 2500 30.00 35.00 40.00 4500 50.00 55.00
Mnutes

Figure 3. HPLC ginsenoside profile of Ontario-grown American ginseng aqueous extract. A reversed-
phase Inspire C18 column was used with gradient elution consisted of [A] water and [B] acetonitrile:
Omin, 80-20%; 0-60min, 58-42%; 60-70min, 10-90%; 70-80min, 80-20%. Absorbance of the eluates was
monitored at 203nm.
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Figure 4. Sephadex G-75 (47x2.5cm) chromatographic fractionation of PS extracts of ginseng. A
calibrated column was loaded with 500mg of the extract, and then eluted with distilled water at a flow
rate of ImL/min. The y-axis is the absorbance at 230nm while the x-axis represents the elution volume
(mL).

Total fractionation of the DWSPE by ion exchange chromatography on DEAE-Cellulose. To further
analyse the WSPE, the material was de-proteinated using the Sevag method, giving a
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DWSPE with a yield of 92% and the protein content yield of 1.8% (relative to the dry weight
of WSPE). Fractionation of WSPE by a combination of anion-exchange on DEAE-cellulose
and gel permeation chromatographies with a procedure shown in Figure 1 revealed the
elution of a neutral fraction with water (N-DWSPE, 75 % relative to the dry weight of
DWSPE) and an acidic fraction (A-DWSPE, 4.5%) with a 0.5 M NaCl solution (Figure 7).
Both fractions presented a wide and complex molecular weight distribution ranging from 5
to 410 KDa. The acidic fraction A-DWSPE containing most likely uronic acids was subjected
to a second fractionation by DEAE-cellulose chromatography.

Ara m. Gal A Reh

mi. 6lu Xyl Gal Man 60
400
350 30
300 40
250
200 30
150 20
100 -
i 10
& UV

— 0

0 2 4 6 8 10 12 14 16 18 min 0 05 1 15 2 25  3min
v (A) (B)

Figure 5. Representative chromatograms of the novel analytical method by HPLC-ELSD for the
analysis of seven monosaccharides including glucose (Glu), galactose (Gal), arabinose (Ara), Xylose
(Xyl), Mannose (Man) (A), galacturonic acid (Gal A) and rhamnose (Rha) (B).
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Figure 6. Representative HPLC-ELSD Chromatograms of monosaccharide detected in WSPE, including
glucose (Glu), galactose (Gal), arabinose (Ara) (A), galacturonic acid (Gal A) and rhamnose (Rha) (B).

Secondary Fractionation with the A-DWSPE on DEAE-Cellulose column chromatography. The
elution of 0.6 g of A-DWSPE on a DEAE-cellulose chromatography was carried out using a
stepwise gradient of NaCl. With these elution steps, A-DWSPE was separated into six
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fractions (Figure 2): A-DWSPE-1 (F1-F20, 96 mg, 16 %), A-DWSPE-2 (F21-F40, 54mg, 9%), A-
DWSPE-3 (F41-F60, 162 mg, 27%), A-DWSPE-4 (F61-F80, 120mg, 20%), A-DWSPE-5 (81-
F100, 78mg, 13%) and A-DWSPE-6 (F101-F120, 60mg, 10%) corresponding to the elution
with 0.0, 0.1, 0.2, 0.3, 0.4 and 0.5 M NaCl solutions, respectively.
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Figure 7. Representative chromatrograms by HPGPC-ELSD analysis; (A) DWSPE sample, (B) Dextran
standards mixture, (C) DWSPE-N and (D) DWSPE-A. All samples were eluted under the same conditions.

In order to further analyze the unique NA ginseng polysaccharide samples, GPC with
multiple detectors was wutilized. Figure 8 shows the results of multiple pullulan
polysaccharide standards ranging from 1800 Da to 1,050,000 Da. The utilized column gave



good resolution of the individual standards over this range. Figure 8 shows the results of the
multi-detector system containing 4 different detectors, i.e. refractive index (RI), right angle
light scattering, low angle light scattering and viscometer. In Figure 9, the crude
polysacchride extract is observed to have three major peaks with Mw values of 1092 kDa, 135
kDa and 12 kDa (Table 1). The major peak at 1092 kDa accounts for 66% of the weight
fraction. Figure 9 shows the deproteinated polysaccharide fraction, in which the Mw values
are largely unchanged (Table 1). However, the protein content fraction (PTF) contains only a
small amount of carbohydrates with the majority of the high molecular weight fraction
removed. The acid fraction contains 3 peaks, of generally lower Mw values, while the neutral
fraction obtained from anionic exchange of DWSPE contains only one broad peak (Figure 9).
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Figure 8. a) Resolution of individual pullulan standards: peak 1, 1800; peak 2, 5900; peak 3, 11,100; peak

4, 21,100; peak 5, 47,000; peak 6, 107,000; peak 8, 375,000; peak 9, 708,000; peak 10, 1,050,000 and b)

calibration curve of pullulan standards through G-4000PWXL column.
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Figure 9. a) GPC traces showing traces from the individual detectors of the PCE (Crude extract of
polysaccharides), b) RI plot for the PCE (red), DWSPE (green) and PTF (black) samples. The high
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molecular weight peak at retention volume 5.79mL has very low intensity in the PTF sample, which
shows that this sample has a very low content of polysaccharide., c) RI plot of the neutral extract (black)
and the acidic extract (green) from the ion exchange column, the neutral extract shows much bigger RI
area, therefore much higher sample recovery.

PCE 1 2 3

Mn (Dalton) 995,589 106,001 9,502
Mw (Dalton) 1,092,000 135,019 12,037
Mz(Dalton) 1,188,000 172,473 15,433
RI area (mVmL) 5.84 2.03 1.03
Weight fraction 65.6% 22.8% 11.6%
(% of RI area)

Table 1. Molecular weight data of the PCE Extract.

5. Inmunomodulatory activity

In vivo effect. Treatment with AQ extract for 3-6 days produced marked stimulation of alveolar
macrophages as determined by increased production of NO and TNEF- and IL-6 following
culturing for 24 hrs, reaching activities that were 50-100% of the positive (LPS) control (Figure
10). This immunostimulatory effect was also reflected in the elevation of plasma TNF- and IL-6
levels of treated animals (Figure 11). However, the responsiveness of macrophages collected
from ginseng treated animals to LPS stimulation ex vivo showed >50% to 100% reduction in
NO, TNF-a and IL-6 production as compared to those non-ginseng treated controls, especially
with 6 days of ginseng treatment (Figure 10). These data showed that orally administered AQ
extract had both immuno-stimulatory and anti-inflammatory effect. Data presented in Figure
12 showed that this immunomodulatory activity could be extended to the PS extract on the
basis of its effect on macrophage NO production and the LPS responsiveness.

(i) NO (ii) TNF-a (iii) IL-6
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Figure 10. Figure 10. Orally administered ginseng AQ extract: elevated cytokine production and
reduced LPS-stimulatd cytokine production in cultured alveolar macrophages. Alveolar macrophages
of rats treated orally with 0 and 125mg/kg ginseng AQ extract for 3 and 6 Days were cultured for 24
hours to measure production of NO and cytokines (by ELISA) 1. To determine responsiveness to



526 The Complex World of Polysaccharides

LPS stimulation, ginseng treated macrophages were exposed to 1ug/ml LPS in culture to determine
changes in 24 hr NO and cytokine production EEEEA. Three independent experiments were performed
and the data were shown as mean + SD. Datasets were evaluated by ANOVA. * Values P<0.05
compared to the untreated control were statistically significant. ® values in bracket denote fold increase
in LPS-stimulated cytokine production over control.
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Figure 11. Ginseng AQ extract treatment elevated plasma (i) TNF-a and (ii) IL-6 levels. Rats were
treated orally with 125mg/kg ginseng AQ extract for 3 and 6 daysI¥&&. Plasma cytokine
concentrations were determined by ELISA. Three independent experiments were performed and the
data were shown as mean + SD. Datasets were evaluated by ANOVA. * Values P<0.05 compared to the
untreated control were statistically significant.
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Figure 12. Orally administered ginseng PS extract (125 mg/kg) up-regulated NO production =1 and
reduced responsiveness to LPS (LPS 1 pg/ml) stimulation 2% in cultured alveolar macrophages.
Cells from untreated controls were treated with LPS 1 ug/ml as positive control for macrophage
responsiveness. NO was determined by Griess reaction assay. Three independent experiments were
performed and the data were shown as mean + SD. Datasets were evaluated by ANOVA. * Values
P<0.05 compared to the untreated control were statistically significant. ® values in bracket denote fold
increase in LPS-stimulated NO production over control.
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hours macrophage production of (a) NO and (b) TNF-a. Alveolar macrophages isolated from control
rats were treated with 0, 50, 100 and 200ug/ml of ginseng extracts for 24 hours, and the culture
supernatants were analysed for NO and TNF-a by Griess reaction assay and ELISA, respectively. Cells

treated with LPS (1 pug/ml) were used as positive controls. Three independent experiments were

performed and the data were shown as mean + SD. Datasets were evaluated by ANOVA. * Values P <

0.05 compared to the untreated (vehicle) control were statistically significant.

In vitro effect

Both AQ, crude PS and acidic PS showed stimulation of NO and TNF-a production by alveolar
macrophages in vitro (Figure 13). The magnitude of the response to PS was greater than those
induced by acidic PS or AQ extract. Neutral PS was devoid of activity. The lack of

527



528 The Complex World of Polysaccharides

concentration-dependent effect of PS was probably due to its high potency and inducing its
maximum effect at the concentration studied. Data presented in Figure 14 showed how
pretreatment with various extracts for 24 hrs altered the subsequent response to LPS challenge.
Since prior LPS treatment was known to cause desensitization of subsequent response to LPS,
this was used as a positive control to evaluate the immunosuppressive effect of ginseng extracts.
It was apparent that PS was the most effective in reducing the NO and TNF-a response to LPS,
while the AQ and acidic PS extracts were similar, and neutral PS was inactive.
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Figure 14. In vitro effects of AQ, crude PS, acidic PS and neutral PS extracts on LPS-stimulated 24 hours
macrophage production of (a) NO and (b) TNF-a. Rat Alveolar macrophages were pre-treated with
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ginseng extracts (0, 50, 200 pg/ml) for 24 hours and were washed before challenged with LPS 1 ug/ml.
24 hr-pretreatment with LPS prior to LPS stimulation was used as positive control to demonstrate
desensitization of macrophage responsiveness (LPS-LPS). NO and TNF-a 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 < 0.05 compared to the LPS
positive control were statistically significant.

6. Discussion

Medicinal plants have been in use for human health for thousands of years, yet
polysaccharides have only been recognized recently as a major contributor to the bioactivity of
these traditional medicines. Polysaccharides from plant sources with immunomodulatory,
anti-tumor, anti-viral, anti-bacterial, anti-inflammatory, anti-oxidant, and anti-diabetogenic
activities have been reported [2, 9-15]. And a few polysaccharides, including lentinan,
Astragalus  polysaccharide, polyporus polysaccharide and Achyranthes bidentata
polysaccharide have been licensed for clinical application in China [16]. In Canada, a
polysaccharide-enriched American ginseng extract (Cold Fx®) has been licensed in 2007 as a
natural health product to ‘help reduce the frequency, severity and duration of cold and flu
symptoms by boosting the immune system” with an estimated annual sale of over $48M [4,
5]. Our findings on the paradoxical effects of AQ and PS extract on macrophage function in
vivo may have significant implication in the use of American ginseng polysaccharides in
several clinical applications.

The structure and biological activities of the polysaccharides from the roots, leaves and
fruits of Panax ginseng have recently been reviewed by Sun [2]. There is limited information
on American ginseng. Our study in vitro has demonstrated the up-regulation of
inflammatory mediators production by AQ and crude PS extracts in rat alveolar
macrophages (Figure 13) which validated what we have previously reported [3 and 6]. In
addition we have demonstrated specificity of PS in that acidic but not neutral species of the
PS was bioactive. Following sub-acute oral administration, both PS and AQ extracts were
also immuno-stimulatory based on elevation of plasma cytokine levels and increase in the
function of alveolar macrophages ex vivo. The immuno-stimulatory dosage used in the
present in vivo study was comparable to those proven to be effective for cardiovascular
health and for protection against diabetic retinopathy, neuropathy and cardiomyopathy
reported by other investigators using identical ginseng extracts and in the same animal
species [17-19]. However, the magnitude of the immunostimulatory effect in vivo was
smaller than the in vitro response. This may be related to the lower bioavailability of the
orally-administered ginseng extract. The pharmacokinetics of oral ginseng PS is not known,
but the recovery of major ginsenosides in plasma after oral administration was quite low
[20]. Result of our in vitro and in vivo studies was supportive of what was reported for CVT-
E002 (a patented, poly-furanosyl-pyranosyl polysaccharide-rich extract of the root of North
American ginseng): stimulation of normal mouse spleen cells and immunoglobulin G
production as well as activation of peritoneal exudate macrophages leading to enhanced
cytokine stimulation in treated mice.
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In addition to the well-recognized immuno-stimulatory activity of ginseng, an anti-
inflammatory effect was shown in the present study as reflected in the reduced
responsiveness of alveolar macrophages collected from ginseng-treated animals to LPS
challenges ex vivo (Figure 10). This apparent anti-inflammatory effect of ginseng PS is
different from what we have previously reported for a specific component(s) of the alcoholic
extract of American ginseng as well as the anti-inflammatory effects that have been ascribed
to some ginsenosides and their metabolites [6, 21-22]. This potential anti-inflammatory
mechanism is being validated by evaluating changes in LPS—induced inflammatory
response following polysaccharide pretreatment in vivo in our on-going research. The intent
is to determine whether ginseng PS causes desensitization of immune cells as reported for
LPS [23]. This action of ginseng, when proven, may be particularly relevant to bacterial
infection and related toxicemia. An anti-inflammatory effect of ginseng polysaccharide has
been reported by Zhao et al. using a model of auto-immune disease, as evidenced by the
reduction in the expression of TNF-a and IFN-y in lymphocytes in the enteric mucosal
immune system of rats with collagen induced arthritis [24]. In view of the diverse
immunomodulatory effects of ginseng polysaccharide, the identification of specific
polysaccharides with unique property and biological action will be of great interest.

It appears that AQ and PS ginseng extracts have a paradoxical effect on macrophage
function: stimulation under normal condition, but reduction when the biological system is
under a pro-inflammatory state. In the context of sepsis, AQ and PS immuno-stimulatory
effect will be beneficial as a first line of defense during the initial infection stage of bacterial
infection by rendering macrophages to be cytotoxic [25] whereas the immune-suppressive
activity may be effective in antagonizing the cytokine storm at the later stages of infection
by suppressing LPS activation of macrophages.

Carbohydrates analysis represents a major challenge in analytical chemistry since neutral or
acidic saccharides (mono, oligo and poly) have little UV activity. The refractive index (RI)
detector, which is commonly used in HPLC analysis, has issues with baseline stability and
sensitivity. The ELSD used in the present study has the advantage of its independence of
any optical properties in the solutes of interest. Our HPLC-based analysis allowed the
measurement of 7 mono-saccharides within a 30 minute total run time. The monosaccharide
composition of P. quinquefolius reported in this study was similar to that described
previously [3] with the addition of galacturonic acid. The monosaccharide composition
provides insight into the types of polysaccharides which may be found in P. quinquefolius.
Polysaccharides structures in P. quinquefolius have not previously been thoroughly studied,
though several polysaccharides have been isolated from P. ginseng and P. notoginseng.
Glucose and galacturonic acid were the most prominent monosaccharides detected.
Previously, polysaccharide fractions from P. ginseng with high levels of glucose have been
determined to contain starch-like glucans and arabinogalactans and fractions with high
levels of galacturonic acid have been shown to contain pectins with several linked
galacturonic acid domains [26]. It is possible that polysaccharides similar to these may be
present in Ontario-grown American ginseng though further work will have to be done to
characterize their structures.
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Polysaccharides are very complex with a wide range of MW, varying monosaccharide
composition and conformation (degree of branching or linearity), which contribute to their
diverse structure and biological activities, these can also hamper the study of their
structure—function relationships [16]. The multi-detector GPC instrument provided
additional information on the polysaccharide structure. This instrument uses Triple
detection with a concentration detector (refractive index detector), viscometer and light
scattering detector, with each detector providing different although complementary
information [20]. Pullulan standards of up to 1,000 kDa showed that the measured ginseng
polysaccharide molecular weights for the crude, water soluble and deproteinated extracts
are within the range of standards. The light scattering detector, which is based on
fluctuations in interference between macromolecules (e.g. polysaccharides) scattering a
coherent monochromatic laser beam, is considered an absolute detector for Mw values,
confirming the reported values of Table 1. The viscometer is sensitive to branching effects,
although the trace in Figure 9 shows no significant branching effect for the ginseng
polysaccharides. The RI detector was rather sensitive to the carbohydrate fractions, showing
3 major polysaccharide components for each of the three measured extracts. The high
molecular weight peak has a very low intensity for the PTF sample, indicating that the
deproteination step removed the high molecular weight fraction. The neutral extract gave
similar molecular weights as the acidic polysaccharide extract, although with a higher
sample recovery.

7. Conclusions and future directions

Our study has revealed a paradoxical immunomodulatory effect of AQ and PS extracts
isolated from Ontario-grown Panax quinquefolius. This activity may be relevant to clinical
application involving bacterial infection and toxemia. Challenges in development of
botanical polysaccharides for clinical application include lack of methodology for structure
identification and characterization, isolation and purification, and product quality control,
has been recognized [11]. Our research will focus on the application of new methodologies
to characterize the polysaccharide structures from ginseng and to elucidate the structure-
biological activity relationship.
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