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In our previous study, Soamsan, a traditional Oriental
medicine, was shown to enhance the induction of antigen-
pecific immune responses, and it was speculated that the
enhancing activity might be closely associated with
glycoproteins contained within the medicine. To eucidate
this speculation, protein samples from each component,
used in the preparation of Soamsan, were obtained and
their immune stimulating activitieswer e tested with mouse
splenocytes. All the samples markedly enhanced the
lymphocyte proliferation and cytokine secretion by the
mouse splenocytes. In particular, the enhancement was
dgnificantly higher with the protein sample treatments
than with those of the original crude sample. Furthermore,
the pronase E- and Nal O,-mediated inhibition of gplenocyte-
gimulation activity of the protein samples clearly
supported that glycoproteins are the main class of active
ingredients responsible for the lymphocyte stimulating
activity of the samples. Consequently, our findings suggest
that glycoproteins might have a pivotal role in Soamsan-
mediated immune modulation, although the in vivo effect
of the glycoproteins should befurther elucidated.

Keywords. Glycoproteins, Immune stimulation, Traditional
medicine

Introduction

Among the traditional medicines, Soamsan has long been
used to treat a variety of diseases and to maintain good health
(Ha and Lee, 1998; Kim and Lim, 1999). This medicine is
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aso thought to induce cancer remission and prevent chronic
illnesses by modulating immune responses. In our previous
study, we investigated whether Soamsan could act as an
immune modulator using hen egg-white lysozyme as a model
antigen system. For example, the ora adminigtration of the
medicine was demonstrated to potentidly enhance antigen-
specific antibody production as wel as T cel-mediated
immune responses (Kim et al., 2002b). In particular, the active
ingredients responsible for the immune enhancing activity
were tentatively speculated to be the glycoproteins contained
within the medicine, athough direct evidence for this
speculation and the exact mechanism remain to be elucidated.
However, this observation was in good agreement with the
previous reports that the stimulatory activity of many
medicina herbs on Iymphocyte proliferation, antibody
production, and cytokine production are closely associated
with glycoproteins (Yoshida et al., 1997; Shan et al., 1999,
Lee and Lim, 2001).

In the present study, purified protein samples were prepared
from water extracts of each component used in Soamsan,
without a boiling process. The immune stimulating activity of
the protein samples were determined using mouse splenocytes.

Materials and Methods

Chemicals, plastics and mice Unless otherwise specified, al
chemicals and plagtics used in this study were purchased from
Sigma Chemica Co. (St. Louis, USA) and Facon Labware
(Becton-Dickinson, Franklin Lakes, USA), respectively. The
cytokine reagents were obtained from BD PharMingen Inc. (San
Diego, USA), and BALB/c mice (4-6 weeks old) were purchased
from Damul Science (Yusung, Kored).

Preparation of protein samples All the herbal materials used to
prepare the Soamsan were obtained from the College of Orientd
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Table 1. The yidlds from extracts of each Soamsan component (50 g)

Components

Yield (g) of extract (% of initid amount)

Origina sample preparation

Protein sample preparation

Angelicae gigantis Radix
Atractylodes macrocephalae Koidz
Ginseng Radix

Helianthus annuus L.

Laminaria japonica Aresch
Scutellaria barbata D. Don
Oldenlandia diffusa Roxb
Sargassum stenophyllum
Spargranii Rhizoma

Tribuli fructus

10.69 (21.38) 0.60 (1.20)
4,69 (9.38) 0.32 (0.64)
7.50 (15.00) 0.71 (1.42)
2.87 (5.74) 0.42 (0.84)
8.59 (17.18) -
1.73 (3.46) 0.18 (0.36)
1.75 (3.50) 0.39 (0.79)
7.43 (14.86) 0.32 (0.64)
3.02 (6.04) 0.33 (0.66)
4.03 (8.06) 0.18 (0.36)

The samples were prepared from 50 g of each component used for Soamsan preparaion as described in the Materials and Methods.
There was no detectible protein sample harvested from the crude preparation of Laminaria japonica Aresch using the ammonium sul-

fate precipitation method.

Medicine, Wonkwang University (lksan, Korea), and detailed in
Table 1. The herba plants assayed were authenticated by botanists
at the Korea Ingtitute of Oriental Medicine. Specimens of the plants
were deposited in the herbarium of the College of Natural Sciences,
Chonbuk Nationa University (Chonju, Koreg). Fifty grams of each
dried component for the preparation of Soamsan were cut into
small pieces, mixed with 500 ml of distilled water in a screw-
capped flask, and then shaken a 4°C for 3 d. The resulting water
extracts were filtered through filter paper (Whatman No. 3) and
centrifuged a 5000xg a 4°C for 10min. The collected
supernatants were lyophilized to give dried powders of the origina
sample preparations. To prepare the protein sample preparations,
the origina preparations were dissolved with 80% (NH,),SO, to
precipitate the proteins, and centrifuged to collect the precipitates.
The precipitates were didyzed against PBS and then lyophilized to
yield a protein sample preparation. The yield of the sample
preparations from each component of the medicine is shown in
Table 1.

Cdl cultures and treatment A single cel population of
splenocytes was prepared and cultured using RPMI-1640 medium
supplemented with antibiotics and 10% FBS (HyClone, Logan,
USA). One million cells per milliliter were resuspended in either
500 or 100 pl of mediafor spreading onto either 24- or 96-well flat-
bottomed plates, respectively. Before the sample treatment, the
culture media were replaced with fresh medium supplemented with
only 0.5% FBS. At various times after the treatment, the cells were
processed for analyses by trypan blue staining, tritium uptake, and
ELISA assays.

Lymphocyte proliferation assay To assay the effect of the
samples on the lymphocyte proliferation by immune cells,
splenocytes, which had been cultured in 96-well flat-bottomed
plates, were treated with varied concentrations of the samples (1-
100 ug/ml). Subsequently, 0.5uCi/ml of [methyl°*H] TdR
(Amersham Pharmacia Biotech Inc., Piscataway, USA) was added
to each well for thelast 16 h of a48 h culture period. The cellswere
harvested using a cell harvester (Inotech Inc., Switzerland) and the

incorporated tritium contents were determined using a liquid
scintillation counter (Packard Instrument Co.). In addition, the
sample-mediated cytotoxicity was measured using a trypan blue
exclusion experiment as previoudy described (Lee et al., 2003).

Measuring the cytokine levels  The level of cytokines produced
by the lymphocytes after the sample treatments were determined by
ELISA, which was conducted by the Bank for Cytokine Research
(Chonbuk National University, Chonju, Korea). Briefly, the
splenocytes cultured in 24-well tissue culture plates were treated
with different concentrations of the samples (1-100 ug/ml) for 48 h.
The culture supernatants were then collected, and the level of
cytokines representing the stimulation of Thl-type (IFN-y and IL-
2), Th2-type (IL-4 and IL-5) T cdls and macrophages (and/or B
cels) (TNF-o) was determined by ELISA. The amounts of
cytokines produced were calculated from standard curves generated
with recombinant cytokine proteins of known concentrations.

Characterization of active components In order to characterize
the nature of the stimulating activity of the samples on splenocytes,
the protein samples were treated with either pronase E or NalO, to
degrade either proteins (Shan et al., 1999) or carbohydrate residues
(Okaet al., 1987), respectively. Briefly, each protein sample (5 mg)
preparations were incubated in 4ml 0.1 M TrissHCI buffer (pH
8.0), containing 0.6 mg pronase E and 50 mM CaCl, for 72h a
30°C. The reaction mixtures were then heated at 100°C for 10 min
to inactivate the pronase E, and then didyzed aganst PBS.
Alternatively, the protein samples (5 mg) were incubated with 100
w 0.1 M NalO, a 25°C for 4 h, followed by the addition of 250
20% ethylene glycol. Finaly, the ssmples were didyzed against PBS.

To determine whether the protein samples contain lipopolysacchearide
(LPS)-like compounds, the samples (200 ng) were incubated for
2hat 37°Cin 500 pul of the culture medium, containing 500 units of
polymyxin B (PMB), before their addition to the splenocyte
cultures, and tested to see if the PMB trestment could inhibit the
proliferation mediated by LPS-like compounds.

Statigtical analyses All the results are expressed as the mean+
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standard error (SE). A paired-samplet test and aone-way ANOVA,
usng SPSS v. 10.0 software, were used to make statistical
comparisons between the groups, with a P value < 0.05 considered
datistically significant.

Results and Discussion

As a way to understand the mechanism of the soamsan-
mediated immune modulation, attempts were made in this
study to identify the active ingredient(s) of the medicine. It
has been reported that the stimulatory effects of many Oriental
medicina herbs on lymphocyte proliferation and cytokine
production are associated with glycoproteins (Fang et al.,
1985; Yoshida et al., 1997; Shan et al., 1999; Lee and Lim,
2001). Similar to these reports, our previous reports suggested
that glycoproteins might act as immune modulators (Kim et
al., 2002a; Kim et al., 2002b). In the present study, original
and protein sample preparations were purified from each
component used in Soamsan, but without a heating process,
and the immune stimulating activity of the samples was
examined.

As shown in Table 2, the trestments of al the original
samples incressed the tritium uptake by splenocytes.
Especidly, the origina samples prepared from Atractylodes
macrocephalae Koidz, Heianthus annuus L., Scutellaria
barbata D. Don, and Oldenlandia diffusa Roxb, among ten
components of the Soamsan, showed markedly increased
simulations of the splenocyte proliferation. Interestingly, the
protein samples prepared from those four components of
Soamsan showed significantly higher splenocytes stimulating
activities than the control, and the activities were higher than
those of the origina samples for the same sample

concentrations. This result suggested that the protein samples
included the active ingredient(s) responsible for the
gimulatory activity of the samples on the lymphocyte
proliferation. None of the sample showed any cytotoxicity on
the splenocytes in the cultures, at least a the concentrations
tested in this study (data not shown).

The stimulatory effects of the samples on the lymphocytes
were also examined by analyzing the cytokine production by
the mouse splenocytes after the sample treatment (Tables 3).
Table 3 shows that the origina sample treatment stimulated
the production of ahigher level of IFN-y from the splenocytes
than the control. As shown in the proliferation assay, the
increase was dgnificantly higher when the protein samples
were treated than with the same concentration of the origina
samples. A similar pattern of increase was aso observed in
the IL-2 production when the samples were used to treat the
splenocytes. Furthermore, the increase in TNF-o. production
from the splenocytes was also observed when the original
samples were trested, with the increase being significantly
greater when the protein samples were treated than with the
original samples. However, there were no detectable changes
in the levels of IL-4 and IL-5 after treating the splenocytes
with either origina or protein sample preparations (data not
shown). These results suggested that the protein samples
contained the active ingredient(s) responsble for the
splenocyte-stimulating activity. In order to confirm this
suggestion and tentatively characterize the ingredient(s), the
protein samples were separated using SDS-PAGE, and the
various molecular weight bands were clearly found with
Schiff reagent staining (Fig. 1). To determine whether the
splenocyte-stimulating activity of the protein samples was due
to glycoproteins, the samples were treated with pronase E,
NalO,, or PMB, and then ther abilities to stimulate

Table 2. Effects of the samples obtained from the components of Soamsan on the proliferation of mouse splenocytes

[methyl-*H]-TdR uptake by spleen cells (cpm)

Components

Original sample preparation

Protein sample preparation

Angelicae gigantis Radix
Atractylodes macrocephalae Koidz
Ginseng Radix

Helianthus annuus L.
Laminaria japonica Aresch
Scutellaria barbata D. Don
Oldenlandia diffusa Roxb
Sargassum stenophyllum
Spargranii rhizoma

Tribuli fructus

Control

Concanavdin A (Con A)
Lipopolysaccharide (LPS)

10,582 + 286 14,286 + 1,422*

14,889 + 378 41,042 + 1,192***
6,960 + 577 6,584 + 272

27,254 + 572 47,815 + 1,388***
7,825+ 781 -

19,740 + 358 35,040 £ 704***

19,778 + 991 38,062 + 1,694***
8977+1,183 9,112 + 604
6,586 + 415 7,931 + 665*

11,116 + 879 9,254 + 432*
3,847+ 273 -

42,357 + 1,775 -

44,208 + 2,472 -

BALB/c spleen cells (1x 10° cellml) were incubated with 10 ug/ml of the samples, Con A, or LPS for 48 h with [methyl-°*H] TdR
incorporated for the last 16 h. The results are expressed as the mean tritium uptake, in cpm + SE of triplicate experiments. *p < 0.05 and
*** < 0,001 indicate significant differences of the values between the origind and protein sample preparations (paired-sample t test).
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Table 3. Effects of the samples from the components of Soamsan on production of IFN-y, IL-2, and TNF-a. by mouse splenocytes

Sources of protein samples

IFN-y production (ng/ml)

IL-2 production (pg/ml)

TNF-o. production (ng/ml)

Original sample Protein sample Original sample Protein sample Original sample Protein sample

Angelicae gigantis Radix 210+£018 7.73x044*** 212+0.77 4.30+0.70* 327+0.99 30.31+0.81***
Atractylodes macrocephalae Koidz 887+246 4512+6.24** 198+0.88 3.90%0.42* 7.76+£230 51.74+8.84**
Ginseng Radix 421+013 833+010*** 21+075 471+157 332+ 120 28.57+0.99%**
Helianthus annuus L. 482+129 1142+ 216* 177+£039 3.65+0.65* 3.86+256 28.98+4.99%*
Laminaria japonica Aresch 1.89+0.18 - 149+ 0.78 - 432+ 244 -
Sutellaria barbata D. Don 243+012 4.05+005*** 156+041 3.42+0.69* 483+245 39.06+2]12%**
Oldenlandia diffusa Roxb 479+021 1275+011*** 187+050 3.70+0.71* 6.27+ 129 4317+ 0.99***
Sargassum stenophyllum 421+104 1152+199** 145+045 134+084 589+230 3457+ 7.15%*
Spargranii Rhizoma 557+276 2656+299** 211+059 7.41+2.01* 534+324 3469+ 4.01**
Tribuli fructus 898+0.39 26.48+0.68** 1.89+0.67 450+ 0.85* 466+261 3347+ 1.05%**
Control 0.64+0.14 - 140+ 0.72 - ND -
Concanavalin A (Con A) 4143+ 0.74 - 4,377 + 402 - 23.0+10.75 -
Lipopolysaccharide (LPS) 43.86+3.78 - 1.23+0.32 - 51.74 + 10.91

Splenocytes were cultured, and then exposed to 10 ug/ml of the origind or protein samples for 48 h. Con A and LPS were used as
positive controls. The levels of IFN-y, IL-2, and TNF-o production were analyzed by ELISA, and the results represent the mean + SE.
*p<0.05, **p<0.01, and ***p<0.001 indicate sgnificant differences of the values between the origina and protein sample prepara-
tions (paired-sample t test). The same experiments were repeated three times, and a representative result is shown in the table. ND rep-

resents the sample where the level was not determined.

36 -
29-
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Fig. 1. SDS-PAGE andyses of protein sample preparations. The
protein samples were loaded with 200 g per lane, eectrophoresed
in a 10% polyacrylamide mini-gel, and stained with CBB (A) or
Schiff reagent (B). Lanes 1, 2, 3, 4, 5, 6, 7, 8, and 9 represent
the samples from Ginseng Radix, Angelicae gigantis Radix,
Scutellaria barbata D. Don, Tribuli fructus, Oldenlandia diffusa
Roxb, Atractylodes macrocephalae Koidz, Spargranii Rhizoma,
Sargassum stenophyllum, and Helianthus annuus L, respectively.
M represents a molecular weight marker.

lymphaocyte proliferation and cytokine production were tested.
As shown in Table 4, treating the samples with either pronase

E or NalO, apparently reduced the lymphocyte proliferative
activity of the protein samples. The treatment also reduced the
simulating activity of the samples on the cytokine secretion
by the mouse splenocytes (data not shown). Interestingly,
however, PMB, an LPS inhibitor, did not reduce the
simulating activity of the samples (Table 4), athough the
LPS-mediated stimulation of the lymphocyte proliferation
was clearly inhibited by the PMB treatment (data not shown).
These results suggest that the protein samples contain major
active ingredient(s) associated with the splenocyte-stimulating
activity (Paik et al., 2003). Furthermore, as shown by the
Schiff regent staining (Fig. 1) and the pronase E- and NalO,-
mediated inhibition (Table 4), the subsequent experiments
clearly reveded that glycoproteins were the main class of
active ingredient in the protein samples, and the protein
samples were confirmed not to contain LPS-like compounds.

Typicaly, treditiond medicines condgs of 5 to 15 components
and a sngle component contains a number of active
ingredients associated with its medicina efficacy (Chung et
al., 2001). This means that quality control of the source
materias is very important for the therapeutic effects of
traditional medicines. In that sense, it could be speculated that
glycoproteins could potentialy be used as one of the
indicators for confirming the quaity of herbd plants, at least
in the preparation of Soamsan. However, since it has been
generaly recognized that glycoproteins are digested and/or
poorly absorbed at the gastrointestinal tract after oral intake,
further detailed experiments should be performed to clearly
understand the mechanism of the activity. The physicochemical
property of the glycoproteins, and their effects in vivo, using
the components to prepare Soamsan, are currently being
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Table 4. Effects of Pronase E, NalO,, and PMB on the protein sample-induced stimulation of lymphocyte proliferation

[methyl-*H]-TdR uptake by spleen cells (cpm)

Sources of protein samples

Control Pronase E NalO, PMB
Angelicae gigantis Radix 12,453 (£843) 7,350 (+1,031) 5,485* (+380) 13,465 (£2,382)
Atractylodes macrocephalae Koidz 23,755 (+1,411) 14,708** (+864) 8,024*** (+894) 20,456 (£1,433)
Ginseng Radix 8,634 (+492) 5,720 (+1,237) 5,188* (+296) 8,808 (+786)

Helianthus annuus L.
Scutellaria barbata D. Don

28,887 (+772)
21,105 (+852)

Oldenlandia diffusa Roxb 21,345 (x707)
Sargassum stenophyllum 12,073 (£854)
Spargranii Rhizoma 7,569 (+458)

Tribuli fructus 9,702 (+621)

17,574* (+2,492)
11,627+* (+2,108)
13,077* (+1,807)

11,149%*+* (+1,225)
6,245** (+1,042)
7,2004** (+624)

23,530 (+2,192)
22,450 (+1,218)
21,022 (+2,280)

9,347 (+1,331) 9,081 (+667) 10,135 (+1,410)
6,638 (+746) 8,549 (+731) 6,089 (+662)
7,342 (+414) 6,015% (+525) 10,358 (+1,216)

The protein samples were incubated in the presence of pronase E, NalO,, or PMB as described in the Materids and Methods. Ten
micrograms per ml of each sample were added to the splenocytes to measure the proliferation induction activity, using the tritium incor-
poration assay. The results are expressed as the mean tritium uptake in cpm+ SE of triplicate cultures. *p <0.05, **p<0.01, and
*** < 0.001 indicate significant differences between the experimental and control values (one-way ANOVA).

characterized through further investigation. We are aso
determining whether other active ingredients responsible for
the immune stimulation are presented in the (NH,),SO,-
precipitates, because the lymphocyte proliferative activity of
the protein sample was not completely reduced by pronase E
or NalO, treatment.
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