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ABSTRACT

Background: We previously reported that ginsan, a polysaccharide extracted from Panax
ginseng had an immunostimulatory activity such as mitogenic activity, activation of
macrophages and killer cells, and production of a variety of cytokines which resulted
in antitumor and antiseptic effects. We further purified a-(1—6)-glucan and pB-2—
6)-fructan from the ginsan with size exclusion and ion-exchange column chromatography
successively. In this study, we performed the structure-based activity of ginsan by
comparison with known polysacchrides such as B-glucan, curdlan, laminarin, levan,
dextran, lentinan and OK-432. Methods: To investigate the immunostimulatory activity
of several polysaccharide compounds, we investigated the stimulation of lymphocytes
proliferation, the generation of activated killer cells and the secretion of nitrites from
activated macrophages. Results: Of polysaccharides tested, curdlan and ginsan stimulated
lymphocyte prolif%ration, suggesting that the molecular weight and composition of
polysaccharide are dependent on the mitogenic activity. The production of nitric oxide
was significantly increased in curdlan, levan, ginsan and its fraction, indicating that
fructan has also capacity to activate macrophages and may devote to kill pathogens. In
addition, the activation of macrophages was seemed to be independent of molecular
weight of polysaccharide. The generation of AK cells was exhibited in order of curdlan,
OK-432> F1, ginsan, F3> levan> etc. The AK activity may be dependent on molecular
weight and composition of polysaccharides. Conclusion: Unfortunately, purified poly-
sacc%-laride from ginsan were less active on immunostimulatory activity than mixed
compounds of polysaccharides. From the viewpoint of structure and activity relation-
ships, we found several characteristic features. (Immune Network 2004;4(2):94-99)

Key Words: Polysaccharide, immunostimulatory activity, mitogenic, nitric oxide, acti-
vated killer (AK) cells
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1 ©]Z sephacryl S-500 3 DEAE-A50 columns $=2}%]
o7 ERAA BIFI~3)S 4tk 'H, "C-NMR £4]
S %3 F1& a(l—6)-glucan@} B(2—6)-fructan®] 5:2
EAR 2 FAEH] 9o F3L B(R—6)-fructan® E Tf
w3t 848 vasty] 98 AlE 2 levan (WAKO),
laminarin (Fluka), curdlan (Sigma), P-glucan (Sigma),
lentinan (Ajinomoto, Japan), OK-432 (Chugai, Japan)E Zt
7 Fdste] Apgstgorn S digh gA Age
Table Io] S °F3}%th.

AHEHl A 2 Aol AME-E HlX]= RPMI 16409 5%
Fetal Bovine Serum, 2x107 M<] HEPES buffer, 2x10”
M glutamine, 1x10° M pyruvate, 100 U/ml penicillin@}
50ug/ml  streptomycin, 5x10° MY 2-mercaptoethanol,
1% non-essential amino acidE #7}3s}e] AF&-3t¥om =
T GIBCO BRL (Gaithersburg, MD, USA)oll A 4351
=3

AT FA T A v E AF EEHOE A
7 5 vS gojuo] M-S ths single cell sus-
pensione TEUTH AEE FLHEE Y3 96 well
flat-bottom microplate®] B4 EZ 1.5x10° cells/0.2 ml
2 BFT F 37°C, 5% CO, i F7Iol A 331wl sk
o A EE $83817] 1847 Aol *H-thymidineS 2uCi/
wellZ %] 2] 8}$ 2.1, scintillation cocktailS 3 ml 7}3+ t}
< B-counterZ cpm= FA3AT 7t AFL mF=E
A 2 APL 53] o] AAEAT

A AE 45 SHRRNEE YY), vk
)2 A L2 Raw 264.74 5 96 well-round bottomed
platedl] 5x10* cells/well& F-ZA17] & thit A 22 g
3FaL 48417k B2t 37°C, 5% CO, incubatorol] A vl %3} 43
ot Aokt 4o sopst tiET o2 PBS 50uS 7
F3ted 96 well-flat bottomed plate®l] ¥ 3 Griess reagent
(1% sulfanilamide, 0.1% naphthylethylenediamine dihydro-
chloride, 2.5% phosphoric acid) 50u< 7}sfo] 587+ 4

Lol A WHEAIZ] B 540 nmol A FREE A7
FEFOLEE OFEIUEF®NaNO)S AHESH] HE

Table I. Chemical structure of antitumor and immunostimulating polysaccharides

Polysaccharides Species Structure Molecular mass
B-glucan Barley B-(1—3), B-(1—4)-glucan 1.95x 10°
Curdlan Alcaligenes faecalis var. myxogenes B(1—3)-glucan 9.7x 10"
Laminarin Laminaria digitata B-(1-3), B-(1—6)-glucan 7.7x10°
Levan Serratia levanicum B-(2—6)-fructan >1x10°
Lentinan Lentinus edodes B-(1-3), B-(1—6)-glucan 4-8x10°
OK-432 Streptococcus aureus Su strain Whole bacteria component -

Dextran Leuconostoc mesenteroides a-(1—6)-glucan 5% 10° )
Ginsan Panax ginseng Mixture of glucan and fructan 6.8x 10’
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S5 Adsta Al Aol o3 tiAAE
9] AL AbgE(nitric oxide, NOy) S At=3it).
AK A 85 &4, Jab7 2= 24 432 47
lor FEHE ol gE . AE AEE, B AZE 24
well plate (Corning, New York, USA)dl| 1.5x10° cells/ml
o] == RPMI1640-5% FBSHI A2 828+ & thA} Al
35 Y3 F 2mlY 37°C, 5% CO, vl d7]olA 5¢Y &2t
ikt ATt %A hERTOZE 30 Umle recombinant
mouse IL-25 AF&3lA T 59 & v 2 mlS 15 ml
tubeo] &4 Fi A FEste] AEE AN F 23]
AAsta 5x10° cellymlZ 1ASFT. THAITE=
murine leukemia cell lineQ] YAC-1& AM8-3t4] WA 5
#9491 Na,CrO, 200pciS 7}ste] 37°C, 5% CO, Hj ¥
7oA 6077 EAAZ TS 5x10° cellsmlE FE=
VAT AFEH T} FHAHEY HE0] 100:1,30:
1 == 10:19] HE=E Z43}lo 96 well U-bottomed
microplate (Corning, New York, USA)ol|l 21 37°C, 5%
CO, I &F710l A 4417t F<t v gk £ 2,200 rpmol 4] 5
B2 94 298t 459 0.1 mi¥ F8&) v-counter
SAsA o3 22 A o3 % AE =4 (cytoto-

MAE5X (%) = (experimental release-spontaneous release/
maximum release-spontaneous release)>*100

EARA, AFAHE meantSEMO.E UEFN LI one-
way ANOVAE o|&3to] FTAAZS & As]FIHP
value)©] 0.01 2 0.05E T 22 H9 F94o] A= AL

2 AAsAH.
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cell mitogen?! concanavalin A (Con A)d& ] XX &35
1} B cell mitogen$! lipopolysacchride (LPS)®.t}= $-73
o J4ke] F8EQ] Floly F3v 48 aA s A
o2 Yeiyth FBBEELS 2o X9 levanE T A 9]
oF7F AA UEtg o™ FIE g Hs 248 B
B- glucan, lentinan, OK-432= Y3t F2150] A9 ¢l
ow ZAAH7E = LEAZFS] curdlano] £ A2
g SAEAHE JeRd vhH A9 laminarinS &
Ro] SFel LebkehTable T, WebH Aot 2458
oA EaEe] 4%, 7HAMACE gl (-
3)glucan®l| A $-4=3}H triple helix 727} random coiled
FEREG Ao A UeES & F At =T
fructanS oF3h 3t F2AAES B oH, F3E9 9
Bateo] levanB ol 2o B2 A4o] k7t 7FAdE A
< B3 2742 A5 F1 BEY 9] fARE 242

- T

B uf FIEE F a-(1—6)glucan Y3+
ST A0 E AIRET o] dextran?}t AT

iy, ofN

NAAE 4%, B2 Ad7Z2HoNA Bglucand] ¥
73280l A AR, TH E, AAAs|AEY &4}
S O 71HoE gEA lon® gz &
Aels AxAeE BHlgoz 4% 43 curdlan,
levan, Z4F 9 Z14ke] B8E Fl, F37F 8oz d4
AeHE o) RS ST AT dAAE A UAE IEN-
Y (50 U/ml)$}F LPS (10ug/mh)E FA 2T o2 A3
o™ IFN-v7} LPSE T} &40 $-4=3} 9 TH(Table IIN).
A28 A5 curdlan©] &32 ¢l ¥ laminarin
2 MG JERN A 2O P Z random coiled 77} Y
AAE A whgskA] X EE AT & A F ol
M dextran &5°] lE A% AEA FI13 F3 9
=9 FAo] FAEAoH, X4k A Ao EA
st Ed 93 w29 F7he UHZE fructand]
AN E EA5F3, levan) =7 ALY FASIEZ
masking@42 Sl ALZ 58 4

AKAZ BT HIZAEE 98 T/, ddst 5=
O A oF 543 vl ek ths oAl o ek AlE=A
w23 A7 curdlan, OK-432, F1> ginsan, F3> levan
laminarin > lentinan> B-glucan, dextran =S & g Ao
UEPS T (Fig. D). 937 S48y A2sE A4
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Table II. Mitogenic activity of polysacchrides

Samples  Optimal concentration °H-TdR incorporation (cpm)
NS - 2476.8 + 1060.6
Con A 2.51g/ml 309654.0 + 65068.1%*
LPS 10pg/ml 882053 + 15678.9%
B-glucan 250pg/ml 21632 + 1141
Curdlan 1,000ug/m]l 131862.4 + 16666.0%*
Laminarin 1,000pg/m]l 334245 + 4687.2
Levan 1,000pg/m1 53926.6 + 8968.6
Lentinan 1,000ug/m]l 4295.0 + 3513
0K-432 62.50g/ml 2896.8 + 563.5
Dextran 62.50g/ml 5196.9 + 1203.5
Ginsan 500ug/ml 299527.3 + 36840.7**
F1 500pg/ml 31422.6 + 7304.2

F3 125pg/ml 34710.1 + 10780.9

Murine spleen cells (NS, 1.5x 10" cells/well) were cultured with
various doses of several polysacchrides on microtiter plates. After 3
days, the growth of lymphocytes was determined by the incorp-
oration of ['H}thymidine after 4 h pulsing with 2uCi of [H}thymi-
dine. Results are presented the mean+S.EM for quintuplicate from
a representative experiments. *P<0.05, **P<0.01; significantly
different from control.



Table III. Effect of some polysaccharides on the production of
nitric oxides

Samples Optimal concentration NOj production (UM)
NS - 4,57 + 0.61
IFN-v 50 U/ml 39.23 + 4.94%
LPS 10pg/ml 2129 + 3.21%
B-glucan 1,000pg/m1 3.35 + 0.02
Curdlan 30pg/ml 26.46 + 0.28*
Laminarin 30ug/ml 749 + 0.13
Levan 30pg/ml 27.72 + 0.44%
Lentinan 125pg/ml 4.00 + 0.46
0K-432 125pg/ml 8.56 + 0.32
Dextran 1,000pg/ml 8.72 + 137
Ginsan 500pg/ml 2098 + 0.13*
F1 30ug/ml 20.85 + 0.30%
F3 30ug/ml 22.95 + 0.70%

Raw264.7 cells were treated with several polysaccharides at serial
dilutions for 48 h. Culture supernatants were collected and the levels
of nitrite were measured by Griess reagent. The results are mean +
S.EM of five independent experiments. *P<0.01; significantly
different from control.
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Figure I. The generation of AK cells by several polysaccharides.
C3H/HeN mouse splenocytes (3x 10°/ml) were cultured in the
presence of rIL-2 (30 U/ml) or each optimal concentration of sev-
eral polysaccharises for 5 days. Cells were collected and assayed for
AKX cell activity. The results represented the mean + S.EM of values
obtained from five replicated experiments. *P<0.05, **P <0.01;
significantly different from control.
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A7 RYoA FZF B-(1—3)glucant WA
curdlan, A&A}%F2] laminarin, fructan®! levan, a-(1—6)
glucan?] dextran, A|#FQl txd AIEA gdA <l
lentinan, OK-4325 X434t Curdlane  B-(1—3)
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EAR g 2 Foekaro| A AL X (formulation aid) 2
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