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Abstract

In order to develop new physiologically active polysaccharides from persimmon leaves, two different crude polysaccharides
were prepared using hot water (PLW-0) and pectinase digestion (PLE-0) and their immuno-stimulating activities were estimated.
PLW-0 and PLE-0 showed similar sugar compositions with 15 different sugars, including rarely observed sugars in general
polysaccharides such as 2-O-methyl-fucose, 2-O-methyl-xylose, apiose, aceric acid, 3-deoxy-D-manno-2-octulosonic acid, and
3-deoxy-D-lyxo-2-heptulosaric acid, but the uronic acid content of PLE-0 was lower than that of PLW-0 caused by pectinase
treatment. Both PLW-0 and PLE-0 showed potent anti-complementary activity in a dose-dependent manner which was similar
to a known immuno-stimulating polysaccharide, PSK, from Coriolus versicolor. The activity of PLE-0 at a low concentration
(100 pg/ml) was higher than that of PLW-0. In an in vitro cytotoxicity analysis, PLW-0 and PLE-0 (up to 1,000 xg/ml) did
not affect the growth of peritoneal macrophages and Colon 26-M3.1 carcinoma cells. In contrast, they enhanced lymphocyte
proliferation activity. Peritoneal macrophages stimulated with PLW-0 and PLE-0 produced various cytokines, such as IL-6
and IL-12. However, PLE-0 was more effective on the cytokine production. Intravenous administration of PLW-0 and PLE-0
significantly augmented natural killer (NK) cell cytotoxicity against Yac-1 tumor cells 3 days after the treatment of
polysaccharide fractions. But NK cells obtained from the PLE-treated group showed higher tumoricidal activity even at a
low dose of 40 pg/mouse. In experimental lung metastasis of Colon 26-M3.1 carcinoma cells, prophylactic administration
of PLW-0 and PLE-0 significantly inhibited lung metastasis in a dose-dependent manner and PLE-0 was more effective
on the inhibition of cancer metasasis. The results lead us to conclude that the pectinase-treated process is indispensable
to preparing polysaccharides with higher immune-stimulating activity from persimmon leaves.
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S FAA Y] RS A7, FAA TS S7HIAI
= Higte® 7|29 Xz W] W92 H(immunotherapy)
52 =U%t B2 9 ¥(combination therapy)& A| =35k At
(Kadhim - 2000). o]2{gt T oA FFol| gt w52 Hoj
713& FAA] 7= AAEHSZ A A|(BRM, biological response
modifier)®] AR F2Hg-o] 4zt HE 2R Y A o]
g 4 doke HolA B2 a7 JFH =Ko F
2010), £3] /ol 5/d0] glom, %520 i8S =8
T Ue A=A FE3 HukE2 A o gk Tilo] =
OoFR|AL Qitk FT AFAE, FF0l, ol7F £2F = R H
glg]op 5 AALA oA Eal gt thdAollA theFst Edo] B
IEI en, 53] o5 T¢ BE I, A4, NK cell,
LAK A|32 9 2174 A|Z 5 A ZY] B3 A AW ¥
Ie= $AA7|1, BRMe 2RO J&S sh= Aoz o
Z ot HACZEE {5 lentinan ¥ Polysaccharide-K
(PSK) T} Zo] oju] & X thFA|(S-glucan) o] 7,
o]50| Zh= A, BlwA 4o 55 H R 54 FY
EACZ Qleto] thet 4 A 8AY] A=A S8
1tHHong HD 2011).

ZH(persimmon, Diospyros kaki Thumb)2 -#uehE H|E
3t FEo Aot A ] AufE Il 3™, carotenoid, pectin,
polyphenol 2} 7 ok Wl A7} AE(Gorinstein 5 1994; Gorinstein
S 200050 et glAle =, T R FHlA = Auirt
S Qe Tt T 7l ARk dvto] A 5
o2 713 B dRE Y IR A=y, o=t vi¢
2 FA FAREe|th mEbA ZAels o]8ste] L EIEEA|
7154 AR e FAbE 28 H A S SdEe
SHA 2 o7} ekl & 4= Qltk JE 7ol gt A
g A= e 9 olRn Yy wE g A S (Jung &
Jeong 2012), A% A=F 2D AAhA 24 a3lung 5
2011), v]el o =3} G 3HAn F 2005), FAEG E
o] ¢{Kawakami 5 2011) Fo] ¥ v} glon, 79
Sarcoma-1809]] gt 3t & T Moon 5 1996), S Ho| S
oA H FAIE F4 JA 3K Moon SH 2002), Y A2
(SUN16)9| 4] &FoF& THKim & Kim 2003) S ® 18 u} 9]
o}, spxjet 7hele] Aelehol] tigt AT TR flavonoid
U tamnin SAro.= s ol grom, ool EASHe o
ol tigt v 250 A= Ve T At =
3l wxek Aol

wepd 2 GHE AL PO 95 55 R AL
Helg Wi, o 2 RE RS Helstel A 33t 54
_]
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FUe DRI He)715Y 22 AL
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1. M=
H Agof AMEE 7 (persimmon leaves)-2 2011d A
AxFtoll A AatElo] AxE HAHAE LYt AFARR
Ahgshoirk

2. Pt B U 7N BY

AN &89 FAT FF2 galactoseE EFZEZHE 3} phenol-
sulfuric acid®(Dubois 5 1956) 2.2, A -2 galacturonic
acidE EEEZZ 319 m-hydroxybiphenyl H(Blumenkarntz &
Asboe-Hansen 1973) 2 2 TBA-positive material 2] $}F-2 2-keto-
3-deoxy-D-manno-octulosonic acidKDO)E FEZEZZ 59
thiobarbituric acid®(Karkhanis S 1978)©.2, Tz S1epe ¥
ZE2 2 bovine serum albuming ARE-5}0] BradfordH(Bradford
MM 1976y AFA oo gA HPste] ARSI

FAY BEAL g A|2E 2 M trifluoroacetic acid(TFA)Z
121 Co|A 1.5X7F 7FE38te] Z+2Z) alditol acetate -S-TEA
(Jones & Albersheim 1972)2 AEA|7] &, GCE B4t T
GC&] £49-2 SP-2380 capillary column(0.2 m film, 0.25 mmx30
m, Supelco, Bellefonte, PA, USA)o] #2tE GC ACME-
6100(Young-Lin Co. Ltd., Anyang, Korea)S ©]-&3}lRom, &
zow27 60C(1 min), 60CT—220°C(30°C/min), 220°C(12
min), 220°C—250°C(8 C/min), 250°C(15 min)of| 4] EA-L A1A]
AT FAE Y mole%e peake] HZAH], flame ionization
detector(FID)o]] et ¥F-Al4 D Z+F LA F9] alditol acetate
=AY EAFe 2 R E ALbet gH, 149 5 KDO
9 3-deoxy-D-Iyxo-2-heptulosaric acid(DHA) ko] GC £-4]
2 93 A= York 5(1985)3} Stevenson 5(1988)2] WHS H
Foto] ARSI &, ARE FAF 27(1% acetic acid, 100,
2A1Zholl A 7h=Ealiste] €714 NaBDs2 gHlste] KDOE
BH3$353, 0.1 M TFAZ 100 CoA A=} * 2] 3}aL, NaBD,2
3¢5t DHA 29 235tk ojg 2 M TFA 121TC 1
Az 7kt dolle BE A% Adstal, Sdat
acetylsH5 AA A7) 2Aste|A £A8HTh

O

i

of

welozRE te Belshy] giste] B A WS o
S350} T BRRFBE 7 B 100 gof 208 2]
B - R REE T RS PEE
4ulf F-1] 8] 95% ethanolE 7}Fotal, FHAEL 2% SFH
L35} 24417 2 EAMWCO; 12,000~ 14,000, Spectrum
Laboratories Inc., Rancho Dominguez, CA, USA)& Za§3}¢d,
AEABES HAHO R AASG oS AU S5
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A& o83} 553t ., B2 7% (FreeZone, Labconco, Kansas
City, MO, USA)3te] zrhd A2l PLW-0 &g Agch

o9} 2 2 ¢ 2] 0.05 M acetate buffer(pH 5.0 ZAA]
2100 g2 I &, AR 1% TFFQ pectinase(from
Aspergillus niger, Sigma, St. Louis, MO, USA)E 7}3}] 50C,
397 A TS YT} Pectinase 2 E-2 6,000 rpmo]|
A 2083 ARt JIARE Al AL, Aol 46 F
719] 95% cthanol & 7F5te] SRR AT F, oln) Wy
AR 2% 250 SAAA 2390 BHE Foha,
ol2 57 7Axste] a4 2obg & PLEOS AYrh

4. BRAIQ EMEs

HA|A 2] &-A(anti-complementary activity)-> MayerH(Kabat
& Mayer 1971)& ©]-8-3to] Algo] ot BA| &3} &, &
= EAof ogt AP 28T ZAHE & complement
fixation test2 2731t} =, AARRIQ] A1} 2% gelatin, 3 mM
Ca’", 10 mM Mg” o] 3+8-5 GVB ¢389(gelatin veronal
buffered saline, pH 7.4) L A|2& &3}slo] 1X} ¥HA]7 &,
oFo] Z1ZHA g (IgM-sensitized sheep erythrocytes, EA Cell,
Biotest Co., Tokyo, Japan)S do] 22} vF--2 A7l th2 4T
9] PBS(phophate buffered saline)E 7}5te] W2 AXA|R
o} ZF ¥R A 4°C, 2,000 pmofl A 1087 4R st o,
Ao FFE=E 412 oA SHsHE FEA B
Z1A| 88 A X]E(ITCHs: Inhibition of 50% total complement
hemolysis) 2 UERH 3, FAJtZ2l PSK(polysaccharide-K) 2]
S ARgste] 2 & YeEh itk Yamada 5 1989).

5 MElE=

AT 5~65 9] 34 BALB/cE G-Bio(Seoul, Korea)ol| Al
T-Aste] 3U3t 28-S AX T Aol ARESIATE Mouser=
ARE-Z0) 5~100tE]X Ho] 2% 23+3C, S& 55~70%] A
ARt on, B AlgE AR 34 FEHE fAsk A
T2 A7t s YS9 Ao wt AATsH
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22 woll RCIEQ| MATM|ZoL 2FM|Z0f| CHEH MIZE

Jn
o 0z &

FAIZ D At Ao it A RY N 54 oRE
F22F mouse E7ol| A &5 HAFAEQ] macrophage
9} Z9FA| 2] Colon 26-M3.1 carcinoma cell-& 2z} 1x10*
cells/ml o] =2 A3t 5 flat-bottomed 96-well microplate©]]
100 &) 3101, of 2] FE2 2FH ARE 7 wello] 100
WA A7yske 37°C, 5% CO, Bl %704 387 v st ALt
ZF A& ol WE A 549 A= CCK-§(cell counting
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kit-8, Dojindo Co. Ltd., Kumamoto, Japan)E 58} 3]4]5}o] well
50 A 7FgE & 377, 5% CO; 7oA 30~6087F Bt
SAIZ12L 450 oA FFEE S5t

7. 49 w7l CiEe| Blo7 SAEM £3

65 female BALB/c mouses 73 B5H o2 A7l &
T2 O = vE 2 E510] stainless steel mesh )-8, PBS 4
ol A mFaf(100 mesh) % JTH200 mesh)ste] HIZF A|ZE
Y53k 02% NaCl 5 miE o8, 3 HET1E 9375}
I, RPMI 1640-FBS Hjx|(with 10% FBS, Gibco BRL Co,
Grand Islane, NY, USA)Z 2~33] A& & A|Z4E 5x10° =
& 2455

ojuff oj A2 F-FHL 96-well platee] 180 04 £
shaL, vjR|2 A SAE AR89 20 ubE H7Fst 37C, 5%
CO, BiF7Iol A 72A17F vl ket &, 2t well 20 1£2] CCK-8
kit(Dojindo) 2948 H7}5te] 37°C, 5% CO, HjF7]o) A 34]
7t vjo¥5}aL, microplate reader(Molecular Devices, Sunnyvale, CA,
USA)E ©]§, 450 oA FFE=S S5t &S vlust
At

e

o]

N

fQ! el ZCHEe| Macrophage Cytokine A4AKIS

8. 2
gy =3

BALB/c mouse2] E7}o]| 5% thioglycollate H}X](Sigma)S 1
me FJA3FL 72A7F Yol - =%H macrophageE 343 &,
RPMI 164002 2~33] A|H3lal, NE$Z 2x10° cell/ml2
243} 96 well plateo] 100 WA B3] o1& 5% CO,
incubatoro]| 4] 8J%¥377C, 24 hr)S}¢] macrophage monolayerS
FAAZIIL AEHE AATE &, R macrophage RPMI
1640-FBS HjZ| & o]-85}o] A|&5t3iTh of7]o] RPMI 1640-FBS
HiRE 2} wellF 100 pbE H5510L, Tt =2 34H
ARE 100 WA A7}ste] 37°C, 5% CO, incubatorof| A 24 A]
7+ v st et Macrophageo]] &J3f| f-%=, £H|H wjg A5¢
29] cytokine(IL-6, IL-12) =2 enzyme-linked immunosorbent
assay(ELISA) kit(BD Bio-sciences, San Diego, CA, USA)E 9]
& AzAre] Aol whet 24

0. 2ol T Cige] Kot AlGHMIZNK o)l AZS 57

A9 §9) TH 2 6732 $4 BALBLc nhg-2o] 4
WEART, 39 Fol US HEt] HPHLE A
th. 96-well plateo]] HF-S-AZ HE] A& H|ZFA| Z(effector cell,
E)2} NK cell Aoz Gl A £%A|E YAC-1(target cell,
T, BT H]&©°] 100:1, 50:1, 25:10] =& ZA3}o] 64
70 St vjeFskct. olm) ] NK celle] Abzso] o)
FAANZZ2EE {25 += lactate dehydrogenase(LDH)2] 2HAY
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Table 1. Chemical compositions of PLW-0 and PLE-0
PLE-0

S

A
(7o)

L
polysaccharides isolated from persimmon leaves
PLW-0
713

oot

B -
60.4

26.2

1.8

383
1.3
0.0

Aot
0.7

(Mole%)”
1.1
117
17

Chemical property
Chemical composition

Neutral sugar
Uronic acid
KDO"

Protein

Component sugarz)
2-Methyl-fucose

Rhamnose
Fucose

2-Methyl-xylose

Arabinose
Xylose

Apiose
Aceric acid

Mannose
Galactose

Glucose
Galacturonic acid

Glucuronic acid

DHA

0.2
42
0.7
0.3
20.0
34
23
1.5

0.7
17.9

9.2

27.2
11.1

1.4

el

ZFS CytoTox 96 kit(Promega, Madison, WI, USA)2 AR&-35}o]

o

10. &&0| &4
o] mElZ o3I HYoo 5 1994). AHFEZ 247 BALBle

|V
i

shick
A£9] Ge] B4 T(lung)el that 1014 FPAE
Z9] Colon 26-M3.1 carcinomas o] &3l= ATEE =2
FAHV)BHIL, AN EE TS A

AA
uhe- A g AMEEFE o H, Yo HEL 13 Colon 26-M3.1
carcinoma cell(4x10%)&
%29 Aol 2 SEEE 13) 0gUS Fto] TAstart
FF B 149 Fol heAE BAIT, Bope] HA7|B
ol H& 2 &3}o] Bouin's &(Sigma)ol| A Mol F4S 1
s, A= ot

BN F, B 2 48 Sk
Y3 Fo] AT FUT HEY 22 vlwsto] A&

st
Protein

0.2

18.6

4.7

32

1.0
1.5
28
3.6
223
39
0.7

1.1 1.1

0.0 0.7

1. SHAE
A1 A= SPSS 20.0(SPSS Inc, Chicago, IL, USA)S AH&
sto] SAAY st e, BAEFETH N meantSD) = LHE}
Witk Al27t E A2 F=7F 2442 two-way ANOVAS
SoFRT

=
A A3t ThE, Duncan's multiple range test2 ARE A2 AA]

=
=

KDO
Y KDO means 2-keto-3-deoxy-D-manno-octulosonic acid.

* Mole% was calculated from the detected total carbohydrate.
? Monosaccharides were analyzed using alditol acetates.

8ko] p<0.05~p<0.001 oA IS
2t 3 nF
1. 29l fa Cigel sai Su
Ao HE T I43E 9 pectinase T A2 of| 23|
223 2ohg PLW-09} PLE-09] Uyt 315HEA]S AwE 4
= Table 13} 2tk & G455 2032 PLW-0= 54
o 60.4%, AHG 383%, KDO 13%=2 A0 glglen, o kolx Rom 2t
pectinase #|2]o] 93t Rty PLE-0= FAY 71.3%, AT
63k 919ich ol pectinase A 2. 219 |af ECigio] HAH MBS X
EFEEAA AEHE 4T AAG] 27| Zr@Holol o] FaT JTL FstaL QL
o= & 5 Aok T, = EAA digte] A - ¢ =5 2o PLW-0%}
S pectinase BAHT ErF PLEOS] TS} o BB 2]
A8l FEA S SHHAT FHRTeEE SAHA
(Coriolus versicolor) 3 HIEA thdA]| 2] PSK(polysaccharide-
K)E AM235149 O m(Tsukagoshi 5 1984), SANZRALCZE=
NEE WA S S50 olgalsith. SATRZoA
o] A3} A= E ITCHsp 0%= dFe] PLW-03} PLE-02] &4
Fohs %t FEA

26.2%, KDO 1.8%
g Al Aol HaEar, 2
W KDO o] AtjH o2 2713
PLW-02} PLE-0S 7}5=E-3)|5}4 alditol acetate -S-=A| 2 A
HA 5] 0, galactose, arabonose, thamnose”} =2 H|&=Z g
, AAaANA ALY AR o= 2-O-methyl-

wA AT F AR BE 1559 FATO
fucose, 2-O-methyl-xylose, apiose, aceric acid, KDO, DHAQ} Z+

ST TS ¥
Sl It
© Eofeto] vz A%tk 53| pectinase Tol o3 X
2j%] Zohg PLEO7} PLW-0C} H] 4 & &) Sofg
o], o]+ pectinase A4S * 2O ZH pectin

.

o] AEHE
He|2 ZA5t= thdoll A a-1,4 Z2E9] galacturonic acid
FHAIQ] homogalacturonano] A= o] Fo|t v]&o] A3

32 &It AikFig. 1), F A& 25 1,000 pg/mle] F=
&S Bk 21U 100 pg/mle] AEEoAE PLW-0E
T} PLE0S] &/o] oF 148} H&= &2 202 Ueh, pectinase

N 5L =5 71 Fdi=Lol
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Anti-complementary activity 1)
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&
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Dose of sample(ug/mL)

Fig. 1. Anti-complementary activities of PLW-0 and PLE-0
from persimmon leaves. " The anti-complementary was ex-
pressed as the inhibition of 50% total complement hemolysis
by Mayer's method. ' PC (Positive control) is PSK, a known
immuno-active polysaccharide from Coriolus versicolor which
was used as a positive control and its concentration is 1,000
rg/ml. Means with different superscript letters (a~c or A~D)
indicate significant differences at p<0.001 by Duncan's multiple
range tests.

F4 A2 PLE-07} Ao AE 93t 84S vepdic
€ A& ¢ 5 A3k BT AR s AolE Fo| Y
3 AT F AR BE 40| EIEAAS & 5 A

3. & el =CHEel HIE% = §’<§
Mouse?] E7}o 2 HE Ha|dt Uyl A]E 2] macrophage2}
ZOFA| 2] Colon 26-M3.1 carcinomas ©]-83}o] Zhlo =
HE BEgt g8 432 PLW-09} pectinase A 2] PLE-09]]
i3t Alzol tigt 2y B4 o RBE stk 1x10” cells/
M2 ZAE £ 9 YubA|EZFo]| PLW-02} PLE-0 1.6~
1,000 pg/me7bR] 9] ohekit w2 7hste] ujekdt § A2
HE RS SISO, T Anke Fig 20) UeRd e}
e}, Aol AR v} o] AHES] S Foe =
e UeitA] gbgrod, PLW-0 A|Z%= 200 ug/ml o] AFo]
A erztel AEZA B3} BREAG. B, 2 AY B
o)l 4] Colon 26-M3.1 carcinoma Al|Zd T3t F 23+ APEL 3
ZH=| 7] ¢koktt. Fig. 29 PLE-02] 7%, 200 pg/ml ©]/¢e] &
oA thas Aso] st AFE Usli=T, ol 2
oA PLE0S] AlEo] AhEe F4aA shglon ol
A2 AZSAo] ofat Aolete AES Wrlole o
2& Ak oY AaE PLW-09} PLE0 F+ A|& HF
ZOPAEF ther MESAL ehx] ghou], wed o
of dish ZHA A ME=AGo AT FABEL =

A 2
2 3% + Ak

7 el welns 2y 945

(A) Murine peritoneal macrophages

06

o
=

Absorbance (at 450nm)

—e—PLW-0
01 b —O—PLE-0
0 . .
Normal 16 8 40 200 1000
Dose of sample (ug/mL)
(B) Colon 26-M3.1 carcinoma cells
1.2
1
E
S os
w0
<
kA
o 06
o
c
©
Qo
S 04
173
2 ——PLW-0
0.2 —O—PLE-0
0

Mormal 1.6 ] a0 200 1000
Dose of sample(ug/mL)

Fig. 2. Cytotoxic effect of PLW-0 and PLE-0 from persimmon
leaves on murine peritoneal macrophages and Colon 26-M3.1
carcinoma cells in vitro.

4. U S mOigo] HET EAEN 53

MRS olozne Ug SUs0], B U T Puyo)
K2zt Pl o) A3 ke Fof YuTe] Baprt ol
ol Fa YZ/|TOR Mg ) x| FAL Wely
A4 mje 223t oJu]2 ZH-tKParham P 2011). BALB/c
mousc®] B0 2R ST AmAEo] FoRyE B
2|3t PLW-09} PLE-0Z 7}sto] 1 %4 A=S 243 23}
L Fig 33} 2t} g G432 2opgdel PLW-0Q] Pz =
4 PHe SrEoEAoR e e Heon, 16~
1,000 pg/ml oA HEL ZA1FA-L immune modulator$]
lipopolysaccharide(LPS) 5 pgml! s =2 A= w2 ot o &=
& B4E teRiit ol £A7F gzl U8l oF 160%
488 sl Rol%th. E3t pectinase EAH o] o3
doldl 7Y ohd PLE-O= PLW-02} 2] 8~40 ngml] A5
SoA, Hohe] YmT FALHE ek ol2fet 2t
L PLW-07} 1.6~1,000 pg/nl =04 AubH oz Zmolz
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Fig. 3. Lymphocyte proliferation activity of PLW-0 and
PLE-0 from persimmon leaves. Lymphocyte were co-incubated
with the indicated samples for 72 hr. Cell proliferation was
measured by using CCK-8 kit. The data were expressed as
meantS.D. of quadruplicate cultures. LPS, lipopolysaccharides
from Escherichia coli O127:B8 was used as a positive control.
Means with different superscript letters (a~e or A~C) indicate
significant differences at p<0.05 by Duncan's multiple range

tests.
Al T4 Bl AaEtE W2 ooy, AsE
oA PLE-07} A&H HIMEZE 2| F24A]7|= mitogen
Ao 9L HojE Aolth waba PLW-09} PLE-0 &
T Roj7t R 2 HE o & A, g st He b
S Fdte FEAEY 5 FTIANALEN e o
3t g3 WOl 4= 5 IS AR AREHTH
5. 22! 72l Z=CHE| macrophage XIS0Hl 2|8t cytokine
MA M =X

Macrophage= AlZolL} ol20E TH4), AAsH: 2ol
A ol 71A] cytokineE F-H|5te] WA AAE 2 W5,
o et Welztgo] A9 Jeg sk AZZA, T
Ao} Yo) ulSol 4 el Relakgo] BAH, FPAEo]
q.]OH A= A7 Q1 AslEAS YeERHTHKeller S 1990; Nathan

= 1980). E3F, TLR(toll like receptor)o] ¥F-E-3h= EZ|(LPS
it AL macrOphage— gslsto] TA S} BA|Z 9
24, 4T LS Sla Az sk oAE 2o
oE ol 5ol 27 Welw e ZHT 4 9 IL-1, 1L,
IL-10, IL-12 2 TNF- @ &} Z+2 cytokineS AJAFST S A
QITHWang 5 2003). 7% 9] B GorE ZTkF PLWA
@} pectinase A2 Zchd PLE02] A}=Hof 2]t macrophage
9] cytokine AJAFS: in vitroo)| A A3+ AT} IL-6, IL-129] A
A 285G THFig. 4). 1L69] 7, PLW-09} PLE) B%
B ozl AAe] 277t BAET, 55 250 pend

A=A Fetal
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o
&
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=
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Fig. 4. Effect of PLW-0 and PLE-0 from persimmon leaves
on cytokine induction by murine peritoneal macrophages in
vitro. Peritoneal macrophages (2.0x10°/well) were treated
with sample in 96-well plates for 24 hr. The level of each
cytokine in the supernatant of the cultures was determined
by ELISA kits. The data were expressed as mean+S.D. of
quadruplicate cultures. PC (Positive control) is LPS, lipopoly-
saccharides from Escherichia coli O127:B8 which was used
as a positive control. Means with different superscript letters
(a~e or A~C) indicate significant differences at p<0.001 by
Duncan's multiple range tests.
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Fig. S Effect of PLW-0 and PLE-0 from persimmon leaves
on NK cell-mediated cytotoxicity against tumor cells. NK cell
activity was determined by LDH assay as described in Materials
and methods. The E/T ratio indicates ratio of effector cells
(splenocytes) target cells (YAC-1 cells). Means with different
superscript letters (a~c, A~C or i~ii) indicate significant
differences at p<0.05 by Duncan's multiple range tests.
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Fig. 6. Inhibitory effect of PLW-0 and PLE-0 from per-
simmon leaves on lung metastsis produced by iv. ino-

PLW.0 PLE-O

culation of Colon 26-M3.1 carcinoma cells. Groups of five
BALB/c mice were administered i.v. with the indicated doses
of PLW-0 and PLE-0 two days before i.v. inoculation of 4x10*
cells. Mice were sacrificed 14 days after tumor inoculation for
evaluation. Means with different superscript letters (a~d or
A~D) indicate significant differences at p<0.01 by Duncan's
multiple range tests.
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