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Abstract We prepared 2 different crude polysaccharides from persimmon leaves, by hot water (PLW-0) and pectinase
digestion (PLE-0), respectively. PLW-0 and PLE-0 showed similar sugar compositions and contained 11 different sugars,
including rarely observed sugars such as 2-methyl-fucose, 2-methyl-xylose, apiose, and aceric acid. However, the uronic
acid content of PLE-0 was lower than that of PLW-0, because of pectinase treatment. In normal mice, administration of
PLW-0 and PLE-0 increased the spleen index and splenocyte proliferation. The effect of PLE-O on the spleen index and
splenocyte proliferation was greater than that of PLW-0. We subsequently assessed the immunomodulatory activities of
PLW-0 and PLE-0 on cyclophosphamide (CY)-induced immunosuppressed mice. We revealed that mice treated with PLW-
0 or PLE-0 showed increased splenocyte proliferation, NK cell activity, and white blood cell numbers. Taken together, our
results indicate that PLW-0 and PLE-0 can enhance immune function in normal mice and modulate CY-induced immune

suppression.
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oA ARl AxE AL Fuljste] ARSI 3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), concanavalin
A (ConA), dimethyl sulfoxide (DMSO), lipopolysaccharide (LPS),
trypan blue solution (0.4%)+< Sigma-Aldrich (St. Louis, MO,
USA)Z HEl F}ste] dgel o]8-3k3itt. RPMI-1640 medium
<2 GIBCO BRL (Grand Island, NY, USA), fetal bovine serum
(FBS)2 Zhejiang Tianhang Biological Technology Co. (Zhejiang,
China), cyclophosphamide (CY)+ Jiangsu Heungrui Medicine
Co. (Jiangsu, China) #|&& AM-3IIT]

Ao 2HE e dFFE2Thd PLW-0sF a4 Uy
PLE-0E Shin 5(17)¢] #¥<& W3t Eeaidnt. O &
FES Y B 1000 108 FHe] FRFE 7Fete] 100°C
A FEsIAth A EFFEE] 4] B3] 95% ethanolS
7¥etaL, HARES o] FRT| &3kl 3U7F FA(MWCO:
12,000-14,000, Spectrum Laboratory Inc.,, Rancho Dominguez,
CA, USA)3te, ARAEDS Mexog AASI. & 4
Azste] 2o AE2] PLW-0 8-S Al e} ¥x= 7
YA E 100 g0l EFF(pH 5.0) 2LE 78t AgA7l 3 A8
9] 1% 2] pectinase (from Aspergillus niger; Sigma-Aldrich)
= 7lsle] 50°CoA 397 E4AE S F3FITE. Pectinase *2
E2 6,000 pmolX 20327+ AAlEE]|ste] TALE AAGBL, AT
Aol 4uf) F3]2] 95% ethanol2 7Fste] syt WHx|gh &, oluj
A JAEE &F SHRT S3AA 2397 FAHMWCO:
3,500y 331, o5 B4 Hxsle] a4 xupd %, PLE-
05 ATt

it ME Y FHE 24

ANg9 FY SHFS glucoseS EFEFE 319] phenol-sulfuric
acid H(18)2.2, 2T &2 B-D-galacturonic acide EFEZ
2 3o carbazole-sulfuric acid H(19) 2.2 =433t} e &
=4 o HFEZ=E bovine serum albumin® ARE-3le] Lowry
HQR0C-Z 43182, 2-keto-3-deoxy-D-manno-octulosonic acid
(KDO)= thiobarbituric acid (TBA) B #HH21)S AH-ETh

TG A2 Albersheim 59 WH(22)S ¢ WISt 7F
FEE & 7 F4EE alditol acetate®} aldonolactone =2
A7 F, gas chromatography (GC ACME-6100, Young-Lin
Co. Ltd.,, Anyang, Korea)E ©]-8-3ld #2439t} GC columne
SP-2380 capillary column (0.25 mmx30m, 0.2 um film, Supelco,
Bellefonte, PA, USA)Z, detector= flame ionization detector
(FID, Young-Lin Co. Ltd)& AR&-3le] HA3l9nt. 72+ 443
mole%o= 7 F=AC] peak® 4], EAFF B FID| tigh molecular
response factors 747} 2bEdted AlLbsd

8FHE &4 SPF KM "H-2x(18-22 )2 Atieh 4
5 EAE](Yanbian, China)2FE < Wo} 33 Alge} E&
AHrRo] FFEPEA 5Y AE AFFEH [VCA A <=3t
AZL F FAR Aol 10m]A WREATh v AR
L 2% 2242°C, FEE 40-60%F FAISHIL, WY F7](Light
and dark cycle)e 12A17F 7H4o= Z4A39Th

Y S=2d
A ERY A4FE 5t ve2E TR 57Hn=10)2
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2 BEFale] XAtk A (normal groupye SHFE, Y
ZPAIE PLW-0, PLE-O A2+ 100, 200 mghkgs 1547+ 7t
7+ AT Bt 48 F5Y0) HdIdFEY AFS A
ST & A, vS AEste 2 FAE S8k, HIEAE
£ FElEte $4%8 RIS A¥FES vy FAAS
= o

Azl gt g7 5ZFe=2 ALt
< S8k vle-2E FERIZE 67-(n=10)
o7 BEF3l AR Gt (controlt xS i 1314 347F
AZHEFE B FAG &, S/FTE 14U A7 T8I
oA 9 F(model controlt) CY 100 mgkgs vl 1
3 3U7F B FAsle] "HYE S AS &, FRTE 1497
74l ZYAE PLW-0, PLE-0 A2 CY
100 mghkgs i 134 3U7F B FARE F, AR ES 100
mgkeg 200 mgkg F7HA FAFOR wjd 131¥ 1447F AT
T3 v Foj7h By 2487 & wlg-2e] Falg )
e o v-2E AT F uAS AES] AR F
2%, NKAIZ 84, 2x84Fe] Wd1L4-E SH8h. 93
Tre ATETWHOE  semi-automatic blood cell analyzer
(KCTHO04, Kingcare Medical Equipment Co. Ltd., Guangdong,
Chinayg |83t 43t
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A5 o R AT nhe-ARRE HgE AR 4
Z3lo] RPMI-1640 Wil oz A2 & Ha feleo= 7hA
il AMEs FEAzch 229 AEHEENS 200 mesh
stainless steel sievell 534A17 RPMI-1640-FBS vl %l (10% FBS
Fsho g 23] AHsIL, 1,000 pmolA] 557 4 Easlgct
O]AL Tris-buffered ammonium chloride (pH 7.2)2} S-F5<l &
YAlA 587 HEste] AYTE AASAT. A8t AAR”
H74A| 2= TFA] RPMI-1640-FBS B kallo] EAFAJA, trypan blue
solution® 2 418 & hemocytometerE ©|-&-3l] I ME FE
Z48tal, RPMI-1640-FBS HiYf o & A Z5% 3.0x10° cel/mL
2 BAZI T 96-well plate (Nunc, Rosklide, Denmark)°l
90 uLA R F AlE ST Sl ARSIt ConAgt LPS
= HFTFEEE SpugmLet 10 pgmLS 7K $ 37°C, 5% CO,
HiE71eA 72417 vl st widke] i &, ZF welld 10 uL
o] MTT 0.5mg/mL &L H7lste] 4x7F B9t vhEA1Zl &,
Hl NS A ASIAL ZF welle]l DMSOE F7Fste] formazang &
3¢t & microplate reader (Molecular Devices, Sunnyvale, CA,
USAYE °l& 540 nmellA SHEE S5t &8 Hlasisin
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Natural killer (NK) A|3E2] M E5A-E NKA|Zd| o8] =}3|®
FUHE YAC-1 (NK-sensitive cell line)> ZHE] 52| lactate
dehydrogenase (LDH)E &4 3t= WH-S |83t th RPMI-
1640-FBS medium .2 96-well U-bottom culture plate (Nunc)ell
1x10* cell/100 pL7} =2 YAC-1 (target cell) AE5E 248}
3 E2E vA A (effector cell)9} o] vt H=l, effector-
to-target Al E Y7} 50 : 10] HEE HNE FE 2T o]F
37°C, 5% CO, MZH|L7oA 4x7F Bt widsisitt. o] = NK
Mae] ApdEel o3 TAMEZRE F2|5E LDHS] A
< cytotoxicity LDH detection kit (Roche, Mannheim, Germany)
£ ol]&3te] SA AT
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thd PLW-09} PLE-09] :@H%H < AWE A= Table 13
I}, PLW-09} PLE-02] 482 7} 45%9} 54%% 2448 o
PLE-02] &+&0°] E45F % PLW-0°]] H]3] 2F 20% =%
o, ole aaxgd 93 Axg B Sl o8 48] F7}
gt 2102 AR A}, Pectinase Z%ﬂc’ﬂ o3t FE4E9 FU=
2Rz 9 gr)gEe A BaEnl QIrk23.24). PLW-0= 249
60.5%, A 35.9%, YA 23%, KDO 13%= FA%]
on, PLE-0= 49 64.5%, 2T 312%, T2 1.8%, KDO
2.5%% FAEo] UAT}. Pectinase &gl &) Ao 7F
AFHI, AEFEENA Bl HEHE 4T ¢ KDO ol
Aoz Fretded ol 7Y %% o]g-gt ojdel A+
Ao} gAjsl= dtoltk(17). T4 4 23}, PLW-09} PLE-
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oll Ao]= Qg o]5¢8 AUWSFAA Fole & FEALE 9
v A Sl Aolg EHstaL, o2l 5EE A A H
& & FEFE e JoR sjAdrk E3 dnkzor HWoxd
Al (immunopotentiatory= T3 H7Fe] FAE F7MAITAL &

HA Aoh14). B ATl PLW-0 200 mgkg, PLE-0 100, 200
mgkg T BRI LY FoA e FUPF AAHACL
BE AHEZA] vRA T sRoE84o= Frteldlen, a4
g zohd PLE-07F PLW-00] Hlal thh && 3712 Jehigl

Table 1. Chemical properties of PLW-0 and PLE-0 isolated from
persimmon leaves

PLW-0 PLE-0
Yield (g/100 g) 4.5 54
Chemical composition (%)
Neutral sugar 60.5 64.5
Uronic acid 359 312
Protein 23 1.8
KDO" 1.3 2.5
Composition of neutral sugar®” (Mole%)®
2-Methyl fucose 1.0 0.6
Rhamnose 9.0 11.8
Fucose 1.3 1.0
2-Methyl xylose 0.5 0.5
Arabinose 45.5 38.6
Xylose 7.5 49
Apiose 5.1 34
Aceric acid 1.3 0.3
Mannose 0.8 2.5
Galactose 20.6 333
Glucose 7.5 3.1

YKDO: 2-keto-3-deoxy-D-manno-octulosonic acid.
f’Monosaccharides were analyzed using alditol acetates.
Mole% was calculated from the detected total carbohydrate.
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Table 2. The effects of PLW-0 and PLE-0 on body weight and immune organs in mice

. Initial body weight Final body weight Weight growth rate Spleen Index Thymus Index
Group Number of animal (g)y & Yy welg gh (g 1) P (S1" 4 (TIY?
Control 10 25.02+2.87 33.30+3.35 24.86 0.64+0.07 0.34+0.12
PLW-0 100 mg/kg 10 25.51+2.34 33.78+3.23 24.48 0.69+0.10 0.36+0.12
PLW-0 200 mg/kg 10 25.82+3.17 34.12+£3.21 2433 0.73+0.10* 0.37+0.13
PLE-0 100 mg/kg 10 25.25+2.56 33.80+2.67 25.30 0.75+0.08* 0.39+0.11
PLE-0 200 mg/kg 10 25.90+2.90 35.20+3.10 26.42 0.78+0.06* 0.44+0.14

*p<0.05, when compared with control group.
USI=Spleen weight/Body weight
ITI=Thymus weight/Body weight
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Fig. 1. Effects of PLW-0 and PLE-0 on lymphocyte proliferation in normal mice. Effects on (A) ConA-induced T-lymphocyte or (B) LPS-
induced B-lymphocyte proliferation. Cell proliferation was measured by MTT assay. The data were expressed as mean+SD (n=10). *p<0.05,

when compared with normal control group.
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Fig. 2. Effects of PLW-0 and PLE-0 on lymphocyte proliferation in CY-treated immunosuppressed mice. Effects on (A) ConA-induced T-
lymphocyte or (B) LPS-induced B-lymphocyte proliferation. Model control (MC): CY-treated immunosuppressed mice group. Cell proliferation
was measured by MTT assay. The data were expressed as mean+SD (n=10). *p<0.05, **p<0.01, when compared with MC group.
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Fig. 3. Effects of PLW-0 and PLE-0 on NK cell-mediated tumor
cell cytotoxicity in CY-treated immunosuppressed mice. NK cell
activity was determined by LDH assay. Model control (MC): CY-
treated immunosuppressed mice group. The data were expressed as
mean+SD (n=10). **p<0.01, when compared with MC group.
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Fig. 4. Effects of PLW-0 and PLE-0 on white blood cell number
in CY-treated immunosuppressed mice. Model control (MC): CY-
treated immunosuppressed mice group. The data were expressed as
mean+tSD (n=10). *p<0.05, **p<0.01, when compared with MC
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