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Abstract

The water-soluble crude polysaccharide (CAP) was extracted from Angelica sinensis and was further fractionated by Sephacryl S-400
column chromatography, giving three polysaccharide fractions termed APF1, APF2 and APF3. The obtained results showed that the
uronic acid linkages in the polysaccharides were more stable and resistant to thermal hydrolysis than neutral sugar linkages. APF2 exhib-
ited higher thermal stability, followed by APF1, APF3 and CAP in decreasing order. APF1 contained the highest carbohydrate content
(80.5%) and the lowest uronic acid content (28.4%) in comparison with APF2 (77.7% and 39.2%) and APF3 (70.1% and 34.6%). Further
bioactive investigation showed that intraperitoneal administration of the polysaccharide fractions significantly induced peritoneal mac-
rophage to release nitric oxide (NO), reactive oxygen species (ROS) and enhanced cellular lysosomal enzyme activity (p < 0.05) and the
highest activity was achieved by APF2. Taken together, APF2 had the high thermal stability and immunostimulatory activity and so

should be explored as a novel potential immunostimulants.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Angelica roots in Asia, such as Angelica sinensis (Oliv.)
Diels (Chinese Danggui), Angelica acutiloba (Japanese
Danggui) and Angelica gigas (Korean Danggui), are the
important traditional medicine belonging to the Umbel-
liferae family (Lao et al., 2004; Lu et al., 2004). They
have been intensively studied in their biological activities
(Kim, Ahn et al., 2005; Kim, Bang, Choi, Han, & Kim,
2005) and were widely used as health foods and medical
products for women’s care in Asia (Tieraona, 2005), and
were marketed in Europe and America as a dietary sup-
plement (Deng et al., 2006; Zhao et al., 2003). In recent
years, the Angelica polysaccharides rich in the roots of
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Chinese Danggui have drawn the attention of researchers
and consumers due to their nutritional and health protec-
tive value in gastrointestinal protection (Cho et al., 2000;
Ye, Koo, Li, Matsui, & Cho, 2001, 2001c), anti-ulcer (Ye,
So, Liu, Shin, & Cho, 2003), antitumor (Shang et al.,
2003), anti-hepatic injury (Ye, Liu et al., 2001), radiopro-
tective action (Mei, Tao, Zhang, Duan, & Chen, 1988)
and immunostimulating activity (Sun, Tang, Gu, & Li,
2005). In recent years, polysaccharides isolated from var-
ious traditional medicinal plants have been shown to pro-
foundly affect the immune system both in vivo and
in vitro, and therefore have the potential as immunomod-
ulator with a wide application. Furthermore, polysaccha-
rides represent a class of high-value polymers and also
have many industrial applications, such as efficient pre-
scription, gelling, thickening, stabilizing agents and
emulsifiers.
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It should be emphasized that the potential use of polysac-
charide products often involves some type of heat process-
ing, such as hot-water isolation, heating concentration,
drying dehydration and high temperature sterilization. Such
processing may affect their original structure and cause an
irreversible modification, which may induce the changes in
their proposed physiological and pharmacological proper-
ties (Bonvehi & Coll, 1993; Diisterhoft, Posthumus, & Vor-
agen, 1992; Jung, Valdez, Hatfield, & Blanchette, 1992).
Thus it is clear that the study on effect of heat treatment
on polysaccharide stability is favorable for predicting the
processing problem and the rational application. Moreover,
an understanding of the basic physicochemical properties of
polysaccharides such as carbohydrate content and molecu-
lar size, could contribute to our understanding of their prac-
tical applications (Chang, Wang, Feng, & Liu, 2006; Cohen
& Yang, 1995). Unexpectedly, at present very little is known
about the effects of heat treatment on the change in carbohy-
drate content of Angelica polysaccharides. Therefore, the
investigation on basic properties of Angelica polysaccha-
rides was particularly necessary to better find their func-
tional properties for the wide application in food and
pharmaceutical industries.

The present experiments were set up to isolate and pur-
ify the different polysaccharide fractions from the roots of
A. sinensis and further investigate their basic physicochem-
ical characterization. In addition, the immunostimulatory
activities of these polysaccharide fractions were also inves-
tigated in murine peritoneal macrophages in vivo in order
to most effectively acquired high-performance polysaccha-
ride products and exploit the applied potential of Angelica
polysaccharides.

2. Materials and methods
2.1. Materials and chemicals

The roots of A. sinensis were purchased from Minxian
County, Gansu Province, China in 2002 and identified
according to the identification standard of Pharmacopeia of
the People’s Republic of China. A GPC column of Sephacryl
S-400 HR (0.5 cmi.d. x 100 cm) was obtained from Pharma-
cia Biotech Co. (Shanghai, China). Glucose, glucuronic acid
and 2’,7-dichlorofluorescin diacetate (DCF-DA) were
obtained from Sigma Co. (USA). Coomassie brilliant blue
G250 and bovine serum albumin (BSA) were purchased from
Huamei Biochemistry Co. (Shanghai, China). m-Hydroxydi-
phenyl was from Sigma Co. (USA). MTT (Thiazolyl blue),
dimethyl sulfoxide (DMSO), RPMI11640, phosphate buffer
saline (PBS) and fetal bovine serum (FBS) were the product
of Gibco BRL (Gaithersburg, MD, USA). All other chemicals
were of the analytical grade available.

2.2. Preparation of the crude extraction

Angelica polysaccharide extracts were isolated by hot-
water extraction and ethanol precipitation. The dried roots

of A. sinensis (550 g) were defatted with 95% alcohol and
then extracted with distilled water (g/ml = 1:10) for 3 h.
After each three-hour period of water extracting, the water
extracts were collected and the residues were extracted
again for 3 cycles. The combined extracts were pooled, con-
centrated to 30% of the original volume under a reduced
pressure and then centrifuged at 3000 rpm for 15 min.
The supernatant was collected and 3 volume of 95% alco-
hol was added slowly by stirring to precipitate the polysac-
charides, and then kept at 4 °C overnight and finally the
polysaccharide pellets were obtained by centrifugation at
4000 rpm for 15 min. The polysaccharide pellets were com-
pletely dissolved in appropriate volume of distilled water
and intensively dialyzed for 2 days against distilled water
(cut-off M, 8000 Da). The retentate portion was concen-
trated, deproteinated by freeze—thaw process for repeating
seven times and centrifuged to remove insoluble material.
Finally the supernatant was lyophilized in the freeze—dry
apparatus (BenchTOP, Virtis Co., USA) to give crude
Angelica polysaccharides (CAP) with a nearly colorless
fluffy shape.

2.3. Sequential fractionation of polysaccharides

One gram of the CAP was dissolved in 0.1 M NaCl
and filtered through a filter paper (0.45 um). Then the
solution was applied to Sephacryl S-400 gel filtration col-
umn chromatography and eluted with 0.1 M NaCl solu-
tion. Each eluted solution (5ml) was collected and
monitored by carbohydrate content based on phenol-sul-
furic acid method at 490 nm absorbance. Finally, the
eluted solution was concentrated and lyophilized to yield
different white Angelica polysaccharide fractions (APF)
with different molecular size according to the elution
profile.

2.4. Measurement of carbohydrate and protein contents

Total carbohydrate contents in CAP as well as purified
APF1, APF2 and APF3 samples were determined by phe-
nol-sulfuric acid colorimetric method using glucose as the
standard (Dubois, Gilles, Haamilton, Rebers, & Smith,
1956). Total uronic acid contents were measured by
m-hydroxydiphenyl method using glucuronic acid as the
standard (Filisetti-Cozzi & Carpita, 1991) and Fourier
transform infrared (FT-IR) spectroscopy was also per-
formed to obtain information of the uronic acid by the pro-
gram that samples were incorporated into KBr powder and
then pressed into a 1 mm pellet for FT-IR measurement in
the frequency range of 4000-400 cm~' on a Bruker Equi-
nox55 FT-IR spectrometer. In addition, proteins in the
polysaccharides were quantified according to the Lowry
method using bovine serum albumin (BSA) as the standard
(Lowry, Rosebrough, Farr, & Randall, 1951), combined
with the method of UV absorption on a DU-800 spectro-
photometer (Beckman, USA) and elementary analysis on
a PE2400 instrument (PE, USA).
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2.5. Size-exclusion chromatography

The molecular sizes of the polysaccharide fractions
were determined by high-performance size-exclusion
chromatography (HPSEC) combined with phenol-sulfu-
ric acid method (Alsop & Vlachogiannis, 1982). The
polysaccharide solution at a concentration of 1 mg/ml
were eluted on a Sephacryl S-400 gel filtration column
(5x90 cm) with a flow rate of 0.8 ml/min at room tem-
perature and 0.1 M NaCl was used as the eluant. The
eluted fractions were collected and analyzed for total
carbohydrates by the phenol-sulfuric method. The aver-
age molecular weight (M) was estimated by reference
to the calibration curve from a set of Dextran T-series
standards of known molecular weight (6100, 16,500,
26,290, 40,000, 84,000, 158,000). In addition, the specific
optical rotation was measured at 20°C on a PE-343
digital polarimeter (PE, USA) in water (C: 1.0 mg/ml,
H,0).

2.6. Stability experiment of polysaccharides

Experimental solution (37.5 pg/ml) of CAP and purified
samples were prepared by dissolving appropriate polysac-
charides sample in deionized water (pH 6.5-7.0). Five mil-
liliters of the solution was added to each capped tube
(10 ml) and was incubated in a thermostatic oil bath and
heated at 60 °C, 70 °C, 80 °C, 90 °C, 100 °C, 120 °C and
150 °C for 2 h or at 80 °C for different time (0, 2, 4, 6, 8,
10 and 12 h), respectively. The tubes were removed at
appropriate time intervals and then centrifuged at
3000 rpm for 15 min. The supernatant was collected, inten-
sively dialyzed and lyophilized to yield a white tested sam-
ple for polysaccharide analysis. All measurements were
performed in triplicate and the average results are pre-
sented in this paper.

2.7. Preparation of peritoneal macrophages and
measurement of immunoactivity

BALB/c mice, weighing 17-22 ¢ and about 6-8 weeks
old, were used for the present study. Mice were kept in
cages and maintained with free access to food and water
under a 12 h light/dark cycle at least 6 days before exper-
iments. Animals were randomly divided into various
groups with five mice each. The polysaccharides was dis-
solved in saline and administrated intraperitoneally to
mice of experimental groups at different doses of 100,
300 mg/kg body weight, respectively. Control animals
were given same volume of sterile saline alone. Macro-
phages were prepared from BALB/c mice as described
previously (Kim, Choi, Lee, & Park, 2004). Briefly, perito-
neal macrophages were harvested from the mice, which
had been injected intraperitoneally 8 h before sterile peri-
toneal lavage with 10 ml of Hank’s balanced salt solution.
The collected cells were seeded and cultured in RPMI11640
containing 10% heat-inactivated FBS, 100 TU/ml penicillin

and 100 pg/ml streptomycin at a density 2 x 10° cells/well.
The cells were allowed to adhere for 3 h to a 96-well cul-
ture plate at 37 °C. Then the cultures were washed twice
with RPMI1640 to remove nonadherent cells prior to
the addition of 1 ml of fresh RPMI1640 containing 10%
FBS and the adhered macrophages were cultured for
another 24 h.

Nitric oxide (NO) production was determined indi-
rectly by assaying the culture supernatant for accumulated
nitrite as previously described (Green et al., 1982). Briefly,
100 pl of isolated supernatants were allowed to react with
Griess reagent (1% sulfanilamide, 0.1% N-1-naphthylethy-
lenediamine dihydrochloride and 2.5% phosphoric acid) at
room temperature for 10 min. Nitrite products were deter-
mined by measuring absorbance at 550 nm versus a
NaNO, standard curve and the results were shown as
nmol/10° cells.

Reactive oxygen species (ROS) levels were determined
by measuring the oxidative conversion of the sensitive fluo-
rescent probe 2’,7'-dichlorofluorescein diacetate (DCFH-
DA) to fluorescent 2’,7'-dichlorofluorescein (DCF) as
described by Wang and Joseph (1999). DCFH-DA readily
diffuses through the cell membrane and is enzymatically
hydrolyzed by intracellular esterases to form non-fluores-
cent 2',7'-dichlorofluorescein (DCFH) which is then rap-
idly oxidized to form highly fluorescent DCF in the
presence of ROS, and the fluorescence intensity is propor-
tional to ROS production. Here, at the end of incubation,
cells in 96-well plate at a density of 2 x 10° per well were
washed two times with PBS and then loaded with 5 pl
DCFH-DA (final concentration 10 pm in DMSO) at
37 °C for 35 min in dark. Then the cells were resuspended
with PBS. The fluorescence intensity was recorded at
485 nm excitation and 535 nm emission. Relative ROS pro-
duction was expressed as a percentage of DCF fluorescence
of control.

Cellular lysosomal enzyme activity was measured
according to the procedure of Suzuki et al. (1990). Mac-
rophage monolayers in 96-well culture plates (2 x 10°
cells/well) were solubilized by adding 25ml of 0.1%
Triton X-100 and incubated for 30 min at room temper-
ature. Then 150 ul of 10 mm p-nitrophenyl phosphate
was added to per well as a substrate for acid phospha-
tase, followed by the addition of 0.1 M citrate buffer
(50 ul, pH 5.0). After the incubation for 1h at 37 °C,
0.2M borate buffer (50 pl, pH 9.8) was added to the
mixture to stop the reaction. Optical densities were mea-
sured at 405 nm using an enzyme-linked immunosorbent
assay reader.

2.8. Statistical analysis

The results were reported as the mean and standard
deviation. Statistical differences between the treatment
and non-treatment groups were assessed by the unpaired
Student’s z-test. A value of p < .05 was considered statisti-
cally significant.
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3. Results and discussion
3.1. General characterization of the polysaccharides

In the present study, the water-soluble crude Angelica
polysaccharides (CAP) were isolated from the A. sinensis
through repeated ethanol precipitations. As a result, the
extraction yield of the CAP may reach to approximately
10.0% (w/w) of the dried A. sinensis. To obtain high-pur-
ity and homogeneity polysaccharide products for stable
functional property, the CAP were further purified by
Sephacryl S-400 gel permeation chromatography into dif-
ferent fractions according to their molecular size (Fig. 1).
The results showed that CAP was mainly composed of
three sub-fractions, namely APF1, APF2 and APF3.
Each fraction was eluted as a single symmetrical peak,
which indicated that APF1, APF2 and APF3 were three
homogeneous polysaccharide sub-fractions with different
molecular sizes and APF2 was the predominately frac-
tion with a percent amount of about 65% (area %). At
the same time, APF1, APF2 and APF3 were estimated
to have the following average molecular weights (My):
1.2x10°, 5.2 x 10* and 1.6 x 10* Da, respectively, accord-
ing to the calibration curve using dextran and glucose as
the standards by HPSEC combined with phenol-sulfuric
acid method. The negative reaction results of APFI,
APF2 and APF3 with iodine-potassium iodine reagent
indicated that the fractions were non-starch polysaccha-
rides. All the three products were white and easily solu-
ble in water. In addition, the detection results of optical
activity showed that there was a great difference in
specific rotation (C: 1.0 mg/ml, H,O) of 66.8 for APFI,
143.6 for APF2 and 1119 for APF3, respectively
(Table 1).

APF2

APF3

0.9 -
APF1

Absorbance at 490 nm

0.4 4

-0.1 T T T T T
0 10 20 30 40 50 60
Fraction number

Fig. 1. Elution profile of Angelica polysaccharides on Sephacryl S-400 gel
filtration column (5 x 90 cm). The crude polysaccharides was dissolved in
0.1 M NacCl solution and applied to the column. The eluted solution was
collected and the carbohydrate content of collected fraction was
monitored by phenol-sulfuric acid method.

Table 1
General analysis of the polysaccharides from the roots of Angelica sinensis

Samples  Total sugar Uronic acid Protein N (%) [oc]g)
(W/w%) (W/w%) (W/w%)

CAP 62.8 29.3 2.7 2.30 102.6

APF1 80.5 28.4 - - 66.8

APF2 71.7 39.2 - - 143.6

APF3 70.1 34.6 24 1.85 111.9

3.2. Carbohydrate and protein contents of polysaccharides

One of the objectives of this study is to obtain higher
purity of polysaccharides, hence the total carbohydrate
content, total urinic acid content and protein content in
CAP, purified APF1, APF2 and APF3 were determined.
The linearities of glucose, glucuronic acid and BSA were
assessed by preparing five calibration solutions (n =5),
respectively. As a consequence, the good linearities were
obtained by regression analysis between A (absorbency)
and C (standard concentration, pug/ml) and regression
equations were as follows: 4 =0.014329C—-0.00195 (r =
0.9991) for glucose at the concentration of 12.5-62.5
pg/ml, 4 =0.015569C—0.0026 (r = 0.9999) for glucuronic
acid at 10.0-60.0 pg/ml and 4 =0.014517C—-0.016166 (r =
0.9988) for BAS at 2.0-15.0 ug/ml.

The total carbohydrate content (indicating polysaccha-
ride content), total uronic acid content and protein content
of CAP, APFI1, APF2 and APF3 were summarized in
Table 1. The results showed that APF1 contained the high-
est total carbohydrate content (80.5%) and the lowest
uronic acid content (28.4%) compared with APF2 (77.7%
and 39.2%) and APF3 (70.1% and 34.6%), respectively.
All the polysaccharide fractions appeared to be the hetero-
geneous polysaccharides, which consisted of both neutral
sugars and uronic acid. In addition, FT-IR spectroscopy
also was used to estimate uronic acid in the APF samples.
As shown in Fig. 2, APF2 and APF3 presented intense
absorbance peaks at 1150, 1100, and 1020 cm™!, which
are characteristic peaks of acidic polysaccharides and a
higher characteristic absorbance of carboxy groups
(COOH) in 1700 ~ 1730 cm ™' suggested that APF2 and
APF3 were of the acid-rich polysaccharides (Gnanasam-
bandam & Proctor, 2000; Sun et al., 2005). In comparison
to APF2 and APF3, the highest molecular-weight APF1
was a low acidic polysaccharide because of the present of
weak characteristic peaks mentioned above and the results
were in agreement with the conclusion obtained by the
chemical analysis of uronic acid (Table 1).

Furthermore, the protein contents of CAP and purified
polysaccharide fractions were measured by the method of
Bradford assay and the results were also shown in
Table 1. It was evident that no proteins were undetected
in APF1 and APF2 and there also were no absorbance
peaks at 280 nm on the UV spectra (data not shown), indi-
cating that APF1 and APF2 were not contaminated with
proteins. Contrarily, CAP contained the highest amount
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Fig. 2. IR spectra of APF1, APF2 and APF3 at wavelengths of 4000—
400 cm ™.

of protein (2.7%, w/w), followed by APF3 with protein
(2.4%, w/w). Moreover, measurements by elemental analy-
sis for nitrogen (N) contamination also revealed that APF1
and APF2 were free of proteins and trace proteins were
present in CAP and APF3 (Table 1). The fact that uronic
acid and protein were mainly present in APF3 suggested
that APF3 was a protein-bound polysaccharide and the
protein might be bound to the polysaccharide chains via
electrostatic force interaction (Roudsari, Nakamura,
Smith, & Corredig, 2006). From these results, it could be
concluded that APF1 and APF2 were approved as the
high-purity polysaccharide fractions.

3.3. Thermal stabilization of the polysaccharides

The thermal treatment experiments were carried out at
seven different temperature 60 °C, 70 °C, 80 °C, 90 °C,
100 °C, 120 °C and 150 °C for 2 h to investigate the poly-
saccharide stability (the data detected at room temperature
as a control) and the loss in polysaccharide content
(namely total carbohydrate content containing uronic acid)
were present in Fig. 3. As shown in Fig. 3, while samples
were heated for 2 h at 60-80 °C there was not the signifi-
cant change (p > .05) in polysaccharide loss compared with
control samples and unexpectedly, the flocculent precipi-
tate was observed in CAP and APF3 samples containing
proteins, indicating that CAP and APF3 possessed lower
thermal stability due to heating precipitation of proteins
in comparison to APF1 and APF2. As heating temperature
up to 90 °C, significant carbohydrate losses (p <.05) were
firstly observed in all the tested samples and a further
increase in the temperature range of 90-150 °C resulted
in a dramatic loss from 1.6% to 10.3% for APFI1, from
1.2% to 9.7% for APF2, especially for CAP and APF3 with
a more high loss percentage of 7.7-16.3% and 3.5-15.8%,
respectively. As shown in Fig. 4, the similar changes of
uronic acid contents were also observed and interestingly,
the same heat treatment temperature gave a lower loss of
uronic acid in all the investigated samples (in the range
of 4.5-8.3% for CAP, 0.7-4.0% for APF1, 0.4-4.0% for
APF2 and 2.5-7.4% for APF3, respectively) than that of

18 - T - T - T
RT 60 70 80 9 100 120 150
Temperature ('C)

Fig. 3. Effects of treatment temperature on the loss of total carbohydrate
content in Angelica polysaccharides in heating for 2 h. A loss (w/w%) was
obtained by comparing weight of component in treated sample with that
of untreated sample (at room temperature, RT).

Loss rate of uronic acid (w%)

9 . ; ; ; ; ;
RT 60 70 80 90 100 120 150
Temperature(°C)

Fig. 4. Influence of heating temperature on the loss of total uronic acid
content in Angelica polysaccharides.

total carbohydrate (p <.05), suggesting uronic acid link-
ages in the polysaccharides were more stable and resistant
to thermal hydrolysis than neutral sugar linkages. It is also
clear that APF2 exhibited the highest thermal stability, fol-
lowed by APF1 (close to APF2), APF3 and CAP in
decreasing order.

In order to further confirm the influence of heat treat-
ment on the polysaccharides, different heating time at
80 °C was studied and the results were depicted in Fig. 5.
As expected, no significant difference in carbohydrate and
uronic acid losses occurred in heating for 2h or 4h at
80 °C. When the heating time prolonged from 6 h to
12 h, carbohydrate loss clearly increased in the range of
2.6-6.5% for APF1, 2.5-6.2% for APF2 and 6.9-10.2%
for APF3, respectively. At the same time, the loss percent-
age of uronic acid (in the range of 2.3-5.4% for APF1, 1.7—
4.5% for APF2 and 3.9-7.3% for APF3, respectively) also
was lower than that of total carbohydrate, which was in
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Total sugar loss (%)
Uronic acid loss (%)

Time (h)

Fig. 5. Influence of heating time on the loss of polysaccharide content in
Angelica polysaccharides at constant 80 °C. Loss rate in total carbohy-
drate content of APF1 (@), APF2 (A) and APF3 (M); loss rate in total
uronic acid content of APF1 (O), APF2 (A) and APF3 (OJ).

agreement with the effects of different temperatures on
polysaccharide stability. From these results, it could be
concluded that heat treatment accelerated thermal degra-
dation of Angelica polysaccharides and such effects
depended strongly on polysaccharide composition and
temperature and time of heat treatment. It is clear that
the heating temperature below 90 °C for a short time of
2-4 h may provide the ideal stability for Angelica polysac-
charides. The similar effect has also been observed by
Chang et al. (2006) in the component polysaccharides in
gel juice from Aloe vera Miller.

However, it should be taken into consideration that hot-
water extraction, which is associated with the processing
for long time and high temperature, has been used for clas-
sical method for the preparation of polysaccharides and
was canonized in industrial application because of the
dominant superiority such as simple, economical and easily
popularization. Therefore, it should be emphasized that
during the heating extraction of Angelica polysaccharides,
heating temperature below 90 °C for a short time was rec-
ommended and the concentration process before drying
should be carried out under a decompress condition in

Table 2

order to maintain the function and activity of the polysac-
charide as possible. At the same time, the processing at
high temperature should be avoided in view of the wide
application of Angelica polysaccharides in the formulation
of food and traditional medicine products as an efficient
constituent. In addition, filtration—sterilization should be
preferred instead of heating sterilization at high
temperature.

It was well known that uronic acid residues in polysac-
charides can alter physicochemical property and modify
the solubility of the polysaccharides, which is correlated
to the wide application in food industry as functional com-
ponent, gelling, thickening and stabilizing agents (Gancz,
Alexander, & Corredig, 2005; Roudsari et al., 2006).
Among the isolated fractions, APF2 as main fraction in
the polysaccharides was uronic acid-rich polysaccharides
and possessed high thermal stabilization and therefore it
was approved as the potential source for specific applica-
tions, especially in the food industry.

3.4. In vivo macrophage activation of the polysaccharides

At present, study of polysaccharides mainly focus on
their immunomodulatory function. Lysosomal enzyme lev-
els are crucial aspect of phagocytic activity in the response
of macrophages to invading macroorganisms (Jeong,
Jeong, Yang, & Song, 2006). In this study, the effects of
the various polysaccharide fractions on the cellular lyso-
somal enzyme activity in peritoneal macrophages in vivo
were investigated. As shown in Table 2, intraperitoneal
administration with APF1, APF2 and APF3 at the concen-
trations of 100 and 300 mg/kg to BABL/c mice not only
improved markedly lysosomal enzyme activities in macro-
phages but also promoted the generation of NO and
ROS, potent macrophage-derived effector molecules,
respectively (p < .05 versus control). Among the three poly-
saccharide fractions, APF2 proved to be most potent as an
activator of murine macrophages, where NO release,
cellular ROS levels and lysosomal enzyme activity in tested
mice administrated by APF2 (100 mg/kg) were increased
to 37.7 4 5.6 nmol/10° cells, 308.3 +37.5% and 368.4 +

In vivo effect of the polysaccharides on NO release, ROS levels and lysosomal enzyme activity in murine peritoneal macrophages (values are mean + SD)*

Treatment (mg/kg) Lysosomal enzyme activity (% of control)®

NO release (nmol/10° cells)® Intracellular ROS (% of control)®

Control (saline) 100 +£9.9
LPS 5 311.7+42.7
APF1 100 263.6 +22.8"
300 313.6 +£40.5
APF2 100 368.4 +33.1"
300 417.8 4+ 52.9"
APF3 100 324.7 +£43.2"
300 371.4 +41.5

6.9+0.9 100 & 12.5

448+79" 297.6 +38.4"
284 +4.1" 224.6 +34.4"
33.5+4.5" 289.9 +33.7"
37.7+5.6 308.3 +£37.5"
459+ 7.7 335.7 +42.4"
32.54+5.5" 273.9 +34.5"
433+74" 319.5+39.4"

# Peritoneal macrophages were isolated 8 h after intraperitoneal administration of BALB/c mice with the indicated amount of the polysaccharides and

the adhered cells were cultured for 24 h.

® NO accumulation and the relative activity of celluar lysosomal enzyme in the culture supernatant was measured as described in text, and the same cell
suspension used to study ROS release evaluated by relative fluorescence intensity.

* p <.05 indicates statistically different from control (saline).
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33.1, in comparison with 6.9 + 0.9 nmol/10° cells, 100 +
12.5 and 100 4 9.9 in the control groups, respectively. Such
increase became more significant in high dose (300 mg/kg)
of polysaccharides-treated animals. However, a low dose
of LPS (5mg/kg) as a potent activator of macrophages
could be obtained the close level of response in comparison
to APF2 (100 mg/kg). From the obtained results it
was evident that the polysaccharide fractions strongly
induced the activation of macrophage. Especially, APF2
rich in uronic acid possessed higher immunomodulatory
potential.

4. Conclusions

In this study, three water-soluble polysaccharide frac-
tions, termed APF1, APF2 and APF3, were purified from
A. sinensis. Among these fractions, high molecular weight
APF1 possessed the highest carbohydrate content and
medium molecular weight APF2 contained the highest
uronic acid content without protein presence. Contrarily,
trace amount of proteins were present in low molecular
weight APF3 as well as CAP extract. Furthermore, the
polysaccharide stabilization was associated with sugar con-
formation, treatment temperature and time, and heating
process below 90 °C for a short time was recommended.
APF2 presented the highest thermal stability, followed by
APF1, APF3 and CAP in decreasing order. Moreover,
the polysaccharide fractions significantly induced perito-
neal macrophage to release NO and ROS, and enhanced
cellular lysosomal enzyme activity in vivo. Taken together,
APF2 possessed the high thermal stability and immuno-
stimulatory activity and so should be explored as a novel
potential immunostimulants for the food and pharmaceuti-
cal purpose, which would contribute towards the sustain-
able use of plant resources.
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