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Abstract : To study the effects of ginseng saponin components on the signal transduction in the ac-
tivation of murine macrophages, phagocytosis and intracellular calcium concentration of peritoneal
exuded mouse macrophages were examined. The phagocytosis was increased significantly after treat-
ment with total saponin, diol-saponin, Rg: and Rg., but triol-saponin was unable to increase phago-
cytosis. The phagocytosis were increased when H7, a PKC inhibitor, was pretreated and increased
significantly by saponin fractions except total saponin. Pertussis toxin, which inactivates G-protein,
decreased the phagocytosis. But the phagocytosis was restored to the control level by saponin frac-
tions and the phagocytosis was increased significantly by Rg, and Rb,. The triol saponin increased
phagocytosis approximately by 2-fold as compared with the TMB-8 treated group. Peritoneal exuded
macrophages displayed a prominent rise in cytosolic calcium following treatment with triol-saponin,
Rg:, Rg. and Rb,. Incubation of macrophages with PT resulted in an inhibition of cytosolic calcium
mobilization, but increased cytosolic calcium mobilization with saponin fraction.
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Fig. 1. Phagocytosis of yeasts by peritoneal exuded mouse macrophages. Phagocytosed and associated yeasts are
marked as PY (pink yeasts), VY (violet yeasts), respectively. The yeast were applied for 30 min with or
without modulating agents, unbound yeasts were washed out by PBS. The right figure is negative con-
trol. The phagocytosis was blocked by 10 mM EDTA.
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= 107°% F%olA 38%71A], 1813 CAY+ 10 %
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Table 1. Effects of saponin on phagocytosis

% PHagocytosis

PY* VY CAY*
Control 100£3.1  100+0.0  100*1.7
CS. 107°% 139+1.2* 109409  120+0.3*
107%%  140+2.3* 133+2.0% 137+0.3%
107°%  145+2.0% 13524.0% 140+2.0*
D.S. 10 *% 129+35  133+3.8* 132+1.3*
10°%%  136+5.2% 116+4.3 126+1.8*
107°%  130+4.2% 121£0.6* 12620.6*
TS, 107%% 113408 110+49 112+20
10°'%  128+3.2  113%+6.3  124%1.2*
107°% 128+4.3  138+29* 133+1.1*
Rg, 10 "%  129+4.7 135+55% 132+1.2*
10 "% 126462  148+3.5% 139+0.8*%
10°%  123+52  136+5.0% 129+0.3*
10 %%  134%3.2% 118+3.7  12740.3*
Rg, 107%%  144%3.2% 126+80  135+26*
10 %% 147+4.6* 111+73  129+26*
10 %%  153+0.3* 87+3.0  119+0.3*
10 *%  146%+54* 98+7.8  123+0.6%

“Pink Yeast (PY) is inside the cell.

® Violet Yeast (VY) is outside the cell.

“CAY is total cell-associated yeasts. The phagocytic
index is percentage to control (PY: 3.2+0.1, VY: 2.
4, CAY: 5.6%0.1). Three identical experiments
were performed. CS: total saponin, DS: diol-saponin,
TS: triol-saponin. Values are mean®SE of three
successive determinations on a given well. *p <0.05.
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39%74A fr214d A F7hshsich
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Fig. 2. Effects of H7 on the phagocytosis of per-
itoneal exuded mouse macrophages. H7 were
administrated 30 min before the yeast treat-
ment, and maintained during the phagocytic
process. Expressed values are mean+SE of 4
experimental data of phagocytic index (PI: as-
sociated or injested yeasts per macrophage).
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Fig. 3. Effects of TMB-8 on the phagocytosis of per-
itoneal exuded mouse macrophages. TMB-8
were administrated 30 min before the yeast
treatment, and maintained during the phago-
cytic process. Expressed values are meant
SE of 4 experimental data of phagocytic in-
dex (PI: associated or injested yeasts per ma-
crophage). *p <0.001.
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Table 2. Effects of saponin on phagocytosis in the H7
treated macrophage

% Phagocytosis

PY VY CAY
Control 133+£2.3* 108+4.3 111+1.0
CS. 10 °% 134£3.2*  129+45.0* 132+£24*
D.S. 10 *% 147+4.2* 121+29 136+2.0*
TS, 10 "% 150£5.2% 142+0.3* 146+0.3*
Rg, 10 °% 147£0.1%  134+0.2% 143+3.4*
Rg, 10 "% 172+2.0* 108+3.0 145%0.1

Control: Preincubated in medium containing protein
kinase inhibitor (H7), 30 mins before yeast treatment.
Pink Yeast is inside the cell. Violet Yeast is outside
the cell. CAY is total cell-associated yeasts. The
phagocytic index 1s percentage to control. Three
identical experiments were performed. CS: total spo-
nin, DS! diol-saponin, TS: triol-saponin. Values are
meantSE of three successive determinations on a
given well. *p <0.05.

20

Conirol C+C8 C+D38 CiTS

Fig. 4. Effects of ginseng saponin fractions on the
phagocytosis of peritoneal exuded mouse ma-
crophages treated with TMB-8. The ma-
crophages were treated with reagent (TMB-8
and/or ginseng saponin fractions) for 30 min
before the yeast administration. Phago-
cytosed yeasts were stained with MGG and
then counted. Control: TMB-8 alone, C+CS:
TMB-8+total saponin, C+DS: TMB-8+diol
saponin, C+TS: TMB-8+triol saponin. Ex-
pressed values are the mean of phagocytosed
yeasts per 100 macrophages (phagocytic in-
dex: PI). * not significant, **p < 0.05.
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28-S u PY: JAHAEd AHE A=17(10 %)
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A RS Al BE AgTolA 32—46%71A]
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Fig. 4o14] vtehd vlel ko] TMB-8& 22l s}
ALz 2H2-8- oA A1F] Al A Eol] QA Al IS
o] 3ted-Swe total saponin®] 7%= )&l v]E}
of f-2lgk W3-E viebiA] okt ow diol-, triol-sa-
ponin?] 7= 2ol Hlste] §-2]3t HEH-E e}
Wt} Diol-saponin- A} A #2hg0] o A5l Abej ol 4]
3 5ANE VelllA] o2& 9 triol-saponin® HE
ol ulsted 2ufe] 3] 8 28-S el Q)

3. AM|IZES0 0|Xl= PTS| He

Table 3| vebt gl5e] A" E=(PY)& PT
2] HzTolM 28%, total saponinoll A 3%, Z12)51
triol-saponinell A 34% ZrAsldct. oje} w2 Rg,
2} Rbaz 56%2 -4 oA Z7ksigdct, el 32t
B AR(VY)= Rg®] kol tizadtell w3l 25% 7t

Table 3. Effects of saponin on phagocytosis in the
PT-treated macrophage

% Phagocytosis

PY VY CAY
Control 72+3.2 113+0.2 89+0.3
CS. 10 "% 97+0.3  129+09* 111+1.0
DS. 10 *% 11634  138+2.0* 125+1.1*
TS 10 "% 66+5.4 150+2.4*%  102+1.1
Rg, 10 "% 125+£3.4 75%6.0 104+0.1
Rg, 10 *% 156+4.1*% 125+0.5% 143+0.1%
Rb, 10 *% 156+6.4* 129+23* 145+0.6%
Control: Incubated in pertussis toxin containing medi-

um for 15 min before yeast treatment. CS: total sa-
ponin, DS: diol-saponin, TS: triol-saponin. Values are
the meantSE of phagocytosed yeasts per 100 ma-
crophages measured at three identical experiments.
Comparied groups are the most effective con-
centrations of each agent.
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Fig. 5. Effects of ginseng saponin on the generation
of [Ca”l. Peritoneal exuded mouse ma-
crophages were loaded with Fura-2/AM for 30
min at 37°C. The cells were washed and [Ca™'],
were assessed spectrophotometrically prior
to and following treatment with saponins. Ex-
pressed values are mean=SE of three meas-
urements. A: total saponin, B: diol-saponin, C:
triol-saponin.
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2ol 0lxl= "g

itz AE-E A o 30% Fol totalh
diol-saponinel| A= 22 57} 7Fasker) Zo)st
= 7%e BEooh 68% 7|E2Z @ total sa-
ponin<- 10 "%l A #4e] F=7} 20 nM ZE7}slked i

£ solXE f2l4de] Asdrh(Fig. 5A). Diol-sa-
poninell A& 107G} 10 %ollA 2] Fx7} 20~

RS A A
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Fig. 6. Effects of ginseng saponin on the generation
of [Ca®], Peritoneal exudated mouse ma-
crophages were loaded with Fura-2/AM for 30
min at 37°C. The cells were washed and [Ca”"],
were assessed spectrophotometrically prior
to and following treatment with ginsenosides.
Expressed values are meantSE of three
measurements. A: Rg,, B: Rg,, C: Rb,.

*p < 0.05.

35 nM7HA| F71sh= 738 X vh(Fig. 5B). HbHel
triol-saponin< 25 Fioa] Zpe] ofo] 70~95
nM7EA] -84 Al F7FskaAcH(Fig. 50). o1Ake] A
el A= triol-saponine] thAIA ] A FU] Z4g
F7HA 7 = 7k Al 2 712 viehdo

5. GinsenosideZ} CHAJM|ZZQ| MZELY Ca* S H
30l O0|xl= A&

Rg,, Rg, Rb, 25 Z552] <ko] tixZ(time 0)°
vl °F 50~100 nM7HA] §-214d Al Foksidn
Rg® 10 %o A= 30&eA 7hisiclrt Zrlels
743S Bgrd 2E ginsenosidedl| A 658 71E 08
B AF=(10" = 10 ‘%)Y AF- 3FE(10 %,
10 ‘%) B} 2ge] Fxrt o Folske Aes 2y
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Fig. 7. Effects of ginseng saponin on the generation
of [Ca™], in the PT-treated peritoneal ex-
udated mouse macrophages. Macrophages
were exposed to 2 ug/m/ pertussis toxin (PT)
for 180 min at 37°C. Cells were washed and
loaded with Fura-2/AM for 30 min. The cells
were washed and [Ca®"], were measured spec-
trophotometrically. Expressed values are
mean+SE of three measurements. CS: total
saponin, DS: diol-saponin, TS: triol-saponin.

c}(Fig. 6).

6. PT X2|A| QIMAIZL MEO| MEL Ca» S
{0l OJXl= HE

PTA 2] oAz szl total-, diol-, triol-
saponin A4¥-& el 3908 uf PTA2lslA] oo of
el wls) 2] okol 100 nMAE FHA-shedct.
et QlababEd AR Aol Fe A)7ke] 2w
2t Z71819d 2 triol-saponinell A £7}-8-0] 7}&F =
sk (Fig. 7).

L

= Aol s A 2] XA Al s A gt
o] deps stobrmal AlsAlge] WAlshs
712 ofE& ARt F oA EL] A 35}
Azl e d S8} o] Ast elakAdRol
oo} A xEgo] el vl felA 9l
(p<0.05) Z7kebdrt. mheba) Abzd AdE-e oja]4)
o) MM E 35l dgo] 9l A oE AbgE)

A A 2o] Aol F-23F 9 ES v]HE PKCE

NE ©

AFH A A ATAD vlA = RS o 165

H7o.5 Ag]sted JAe}1S 2% AAESTo] o
Aw 2] dAVE F7bsldel(Table 2). FAME o
Al ¥ AR IgG o)EF el A EEEL PKCO
A Holx doftx]et ] A gA) AMERES
A= PKCe] &Alo] = gslar® ul) & PKCe
Aol AN ZEE-E 9)al vh=a) 2g AL oy
gl g} 28]28 lectin-o] H48-4 8 o]-4-3h
A A E2) AN E&-Felli= PKCS &4do] a5}
AV, == PKC BAHE oA 1419 H7olv} stau-
rosporoine°ll 2744l tf2 PKC(AlE <] nPKC)
7} 28 3158 o R AlgR}

7HbEd 829 glucan® mannose RHE-3 =
G sz olxzzlel A A} A A= o]_g_s—].];], G-
A o AIAQl PTE A& o A 712 AB(C
S, D.S., Rg)ollA dl2aHels A4 ¥35o) 7&5:
Rl ARt PTA ] dzdto) vl 23S of 7]9) 2
16~25%7+* F7}8tsick(Table 3). o1& G-wh
A o]&H4l glucan®} mannose Hg-4 AlF gt
AA 7} A w]o 4] o] F EF-o Al AD AA e} A
M ow 283l typed BAA Gpg-AE o]43]
of M E L ANEZES 3 AT ApuFHq,
Rg.9} Rb.oll 4] Al 2 8go] 713l 7o wol A}
] o] o] AN 2 &E-E 218 Aog Algs
o} z2ih PTE X2|3e wf chAlAl 2] uhof] it
Hol ol VY Ak Adiut 22lsl-e wjo] vys}
A o] B 3 Aok ol s an
ofl th3h A A o] F 23 21822l mannose 2}

FEA7E ANegt tegAolr) wEel® Al WE
AR Awrt 29 Aoz ool Ratse] o=
VYZ} Zhaba]at PTAR] Al AlE o] 44]e]
AAF A VY7 718 Zleg AlgEe} wat
TMB-828 A Aelale] AN Z24-S ofAA 7 3 o)
AAPEIANRE-S Melet A3k(Fig. 4) total-, diol-
saponine A X 28-S 3] BA|7]x] Eghd] s
triol-saponin®] 745 izl vlsle] 2uA e
%2 phagocytic index 2 vFehl it

Total-saponin®} diol-saponing- ™ Z-3} v]8)
< W AF sx s o] f9AT triol-
saponin, Rg;, Rg, 718137 Rh& W& 2l $-24]
Al el oFs Z7MAZACHFIg 59 6). 1elm
PT HYAe Az #gss WPl Ao
100 nMA X ZHasbdAlut AlZyd A8-S 2a)s}x|
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o izl vlal Al AT Agke] BE
weba] Zhge] ot 24 Srsledch ol A
= rbEd ARe] G- olEAa) AsA
AAZF obd ohE H2E F3to] A ES] A2y
g F7Ve vy ARSEARE it A
W3 A Als A Ao e el o B
A7F g 8 sjc},

el AH EEFES actinZE A EFA 2] Auld
o] odofjufelsin] oL g FEol &]EA ]
chites al o AR AR e FHoR A
2-3h=d] »]213} nucleation Aol 5nM o)Ak
2] Zgo] Baslar 200 nM o]4de] Zhge] EAF
o= &Ado] 7} Ech ™ L Ao x 2
9] Frxe} AMEETS Avrgirl PTAE A=
Zge| st st AlRh Al 2E o] 2hAE
A 5] 2] o2 A2 lectinFd] LA 5 o] B3
MAZZ ol dhghe] o] AA R ek e
obetar Al Ew ZHgel Fxrt 7h f-2lAd A
%718t triol-saponinel| 41 8] A A& Fo] 9~23% 3t
28k 10 Hol Age| FE AN ERFI =
AZF $le Aoz AlgEn) Fo whpg-a] wj7) Al
N EH g e AEANe 2ol F7) glolx o
ofydrh o] AlM| EZ T Nl F3
(actin polymerlzatlon)” skt AEY 2
F7W7F HaEkA] vk B} dA)shy| E gt

A A £ o] Fofxal BAdol| PKCe AT Zw
o ZrizE dawsty, AARED ARe] FFAAL
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Fa%
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