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Abstract

The lyophilization of the solution extracted from 60 percent of acetone applied to persimmon
leaves, the compounding process in accordance with the solution’s concentration, and the gel
filteration through Sephadex G-50 of biologically activated substances obstructing enzyme activity, such
as tyrosinase, xanthine oxidase, and angiotesin converting enzyme (ACE) led to the assumption that
polyphenol was the compound serving as biologically activated substances obstructing enzyme activity.
Xanthine oxidase involved in pruine metabolism oxidizes hypoxanthine to xanthine and xanthine to
uric acid. In the continuous study for natural compound, nine flavan-3-ols have been isolated from the
persimmon leaves. The structures of (+)-catechin, (+)}-gallocatechin, procyanidin B-1, pyrocyanidin C-1,
prodelphinidin B-3, gallocatechin-(4a—8)-catechin, procyanidin B-7-3-O-gallate, procyanidin C-1-3'-
37-3""-O-trigallate and (J-epigallocatechin-(4 /—8)-epigallocatechin-(4 S—8)-catechin were established
by NMR and their inhibitory effect on xanthine oxidase activity was investigated. Procyanidin B-7-3-O-
gallate, (-epigallocatechin-(43—8}-epigallocatechin -(4—8)-catechin and procyanidin C-1-3-3"-3""-
O-trigallate showed 94%, 90.69%, 80.90% inhibition at 100 (WM and inhibited on the angiotensin
converting enzyme respectively. Procyanidin B-7-3-O-gallate and procyanidin C-1-3-3"-3"-O-
trigallate showed 66%, 63% inhibition at 100 (n)M and inhibited on the xanthine oxidase competitively.
Procyanidin C-1-3’-3"-3"-O-trigallate showed 70% inhibition at 100 (WM and inhibited on the
tyrosinase competitively.

Key Words : persimmon leaf tea, polyphenol compounds, tyrosinase, xanthine oxidase, angiotensin
converting enzyme
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Dried persimmon leaves (10 kg)

«——— 60% Acetone

Extraction (24hrs. room temperature)

Centrifugation (3,000 rpm, 30 min)
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Extraction (24hrs. room temperature)

Centrifugation (3,000 rpm, 30 min)
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Discard Concentration

Acetone Extration

<Fig. 1> A procedure for extraction of dried persimmon leaves
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<Fig. 2> A procedure for isolation of polyphenol from persimmon leaves
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<Table 1> Mechanical data compound 1, (+)-Catechin

Type Colorless needles
FAB-MS(mv/z) [289]
Polarity [a]zg +9.4°(C=1.0, acetone)

2.52(1H, dd, J=16.8Hz, 4-H)
2.94(1H, d, J=16.6Hz, 4-H)
4.02(14, m,. 3-H)

457(1H, d, J=8Hz, 2-H)

5.90(1H, d, J=2Hz, 6-H)

6.06(1H, d, J=2Hz, 8-H)

6.75(1H, dd, J=8, 2Hz, B-ring 6-H)
6.92(1H, d, J=2Hz, 6-H)

8.04(1H, d, J=8Hz, B-ring 5-H)

'H-NMR
(acetone-dg-D,,0)

2] C, 6206%, H, 486%, 0, 337%9) CisHuOp2] £2}
Aoz FAF o] 91om Negative FAB-MSo|A
m/z: 289[M-H] 2A2E A4} IR spectrumol A]
R(KBr)em! : 34009} OH7} 1620, 158094 C=C<
signalo] ## HY7 o]# PMR, CMR< dyHA<l
catechol Fe9] spectrum©.Z A o EA9| g
A&ow BAge 54 4o 7ES A
Z CMR ¥ PMR spectrumol 9J3t¥ A&
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o FERRE C-32 3-H 2-Hol| A&AZ oA of
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(2) Compound 2 (( +)-Gallocatechin)

OH
L1
OH O OH
OH
OH
= A (H,0) B4 mp, 172~175C, Ages
+12.4°(

[O/]“ 24°(C=10, acetone)©]™, anisaldehyde-
oS00l 2413} FeClol A A Whe-& h3ich #4F

<Table 2> Mechanical data compound 2,
(+)-Gallocatechin

Type Colorless needles(H20)
FAB-MS(m/z) [306]'
Polarity [a] b +12.4°(C=1.0, acetone)

2.49(1H, dd, J=8.16Hz, 4-H)
2.91(1H, dd, =6, 16Hz, 4-H)
3.98(1H, m, 3-H)

448(1H, d, J=8Hz, 2-H)

5.87, 6.03(cach 1H, d, J=2Hz, 6.8-H)
6.48(2H, S,2". 6'-H)

'H-NMR
(acetone-dg-D,0)
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<Table 3> Mechanical data compound 3, Procyanidin B-1

378 ppme] C-4, 49} 662, 701, 762, 818ppmoll A zt
Zb C-3, 3,2, 29 %ol FHAHAZL PMROIA
(Table 3)3} 722 signald RSB Z o] &S
epicatechin-(44—8)-catechin® & Z$HH procyanidin
B-1& 533t

(4) compound 4 (Procyanidin C-1)

dzae rRAYRBZAN [2]5+755°(C=1.0,
acetone) ©. &  anisaldehyde-H2SO4E &4 o A
procyanidin 54Q 24 WSS =) Negative
FAB-MSY 98] compound 4+ m/z ; 865[M-H]
#215S Atk Compound 49 PMROA g £
ol Gt 4-HY A% AF7r HoEE BIHY
o] Bra Mt PMREA Y 23] signal®] #2 (Table
4>9} 7+9k2 ™, compound 4+ epicatechin-(4/3—-8)-
epicatechin-{4/— 8) -epicatechin®. & 4 3 &
procyanidin C-12 48t

<Table 4> Mechanical data compound 4, Procyanidin C-1

Type A amorphous powder Type A amorphous powder
FAB-MS(m/z) (5771 Polarity [a]zg +75.5°(C=1.0, acetone)
Polarity [01]2]; +40.2°(C=1.0, acetone) FAB-MS(m/z) [8651

2.58(1H, dd, J=16, 8Hz, 4-H)

2.83(1H, dd, J=16, 6Hz, 4-H)

3.98(1H, brs, 3-H) 4.10(1H, m, 3’-H)
4.68(1H, brs, 4-H) 4.76(1H, m, 2’-H)
5.08(1H, brs, 2-H) 5.94(1H, d, J=2Hz, 6-H)
5.97(1H, S, 6’-H)

6.03(1H, d, J=2Hz, 8-H)

6.62-7.08(6H in total, m, B, B’-H)

'H-NMR
(acetone-dg-D,0)

2.64-2.96(2H, m, 4”-H)

4.12(2H, brs, 3, 3’-H)

4.36(1H, brs, 3""-H)

4.82(2H, s, 4,4-H)

5.04,5.12, 5.20(each 1H, 5,2, 2, 2"”-H)
5.90-6.20(4H in total, m, A-ring H)
6.60-7.30(9H in total, m, B-ring H)

. NMR
(acetone-dg-D,0)




(5) Compound 5 (Prodelphinidin B-3)

OH
AAe BAYEoOR ABEE [a]F-1576
(C=10, acetone) 0] 97 anisaldehyde-HsSO400 A 224

HHe-& JERI 212 Negative FAB-MSOlA m/z
609[M-H] 9 EA3-S At PMR spectrum<
(Table 5y 7Zow, o EZL2 4-HY coupling
constant7t ARZ i AFE Yol ST
I3 E 2 compound 5% gallocatechin-{40—8)-
gallocateching! prodelphinidin B-32.%2 =743} th

<Table 5> Mechanical data compound 5,

Prodelphinidin B-3
Type A amorphous powder
FAB-MS(m/z) 16091
Polarity [013:-157.6°(C=1.0, acetone)

2.58(1H, dd, J=7, 151Hz, 4-H)

2.94(1H, dd, J=5, 15Hz, 4-H)
4.25-4.67(3H, m, 2,4, 2’-H)
5.78-6.14(3H in total, m, 6, 8, 6"-H)
6.19,6.41, 6.58, 6.62(4H in total, B, B'-H)

"H-NMR
(acetone-dg-D,0)

(6) Compound 6 (Gallocatechin-(40—8)-catechin)

<Table 6> Mechanical data compound 6,
Gallocatechin- (40:8)-catechin

Type { A amorphous powder

Polarity | 0% -196.8°(C=1.0, acetone)
2.40-3.00(2H, m, 4-H)

4.01-4.76(5H in total, m, 2, 3,4, 2’, 3’-H)
5.76-6.33(3H in total, m, A-ring H)
6.46-7.28(5H in total, m, B-ring H)

"H-NMR
(acetone-dg-D,0)

dzme mAgor AAEE [a]’)-1968°
(C=10. acetone)©)} oW, anisaldehyde-HoSOs&
oA Hzb wreL &9t PMR spectrum->
(Table 6)3} 7+om, 2o aiFah= 4-He coupling
constant7b AR E B FFE-S  gallocatechin- (40—
8)-catechin® 2 F783tAch

(7) Compound 7 (Procyanidin B-7-3-O-gallate)

| —QH
i O I~ CH
oH !/ = j
PN f—\—OH
| f \ /"
OH
/
OH N
_<\\ e
R\ Pe)
OH

OHOH

(8) Compound 8 (Procyanicin C-1-3, 3, 3”-O-trigallate)
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(9) Compound 9 ((-)-epigallocatechin-(45—8)-
epigallocatechin-( 45—8)-catechin)

Compound I-a-1, Il-a-1, H-b, H-c-1[(-)-epicatechin-
3-O-gallate]

colorless needles, [0(]28 : -139°(C=10, acetone),
IH-NMR (acetone-ds+D20)5 @ 2.79(1H, dd, J=17,
3Hz, 4-H), 309(1H, dd, J=17, 4Hz, 4-H), 515(1H,
brs, 2-H), 556(1H, m, 3-H), 638, 608(each 1H, ¢,
J=2Hz, 6, 8-H), 665(2H, s, 2/, 6-H), 7.00, 7.23(each
2H, s, G-H), 7.06(1H, d, J=2Hz, 2’-H), 18C-
NMR (acetone-ds+D20)8 : 26.6(4-C), 69.1(3-C),
782(2-C), 1016, 1036(68-H), 1045(4a-C), 1066(2
6-C), 1099, 1103(2xG, 2,6-C), 133.1(4-C), 1390,
139.8(each G, 4-C), 1457, 1460(3', 5'-C, 2xG, 35-C),
1515, 1567, 1575(5,7,8a-C), 1652, 166.6{each COO)

Compound I-b, III-b [ (+)-catechin]
colorless needles(H20), [0(]23 +915°(C=07,
acetone), IR : 3300(0H), 1620(arom. C=C), 1H-
NMR (acetone-ds+D-0)5 : 254(1H, dd, J=16, 8Hz,
4-H), 292(1H, dd, J=16, 6Hz, 4-H), 401(1H, m, 3-
H), 457(1H, d, J=8Hz, 2-H), 587(1H, d, J=2Hz, 6-
H), 604(1H, d, J=2Hz, 6-H), 6.76(1H, dd J=8, 2Hz,
6-H), 682(1H, d, J=8Hz, 5-H), 692(1H, d, J=2Hz,
2-H)

Compound I- c[procyanidin B-7]

cdlorless needles, [ © +478 (C=10, acetone), 'H-
NMR (acetone-ds+D:0)5 : 246(1H, dd, J=8, 16Hz, 4'-
H), 286(1H, dd, J=8, 16Hz, 4-H), 395(1H, m, 3-H),
480(1H, s, 3-H), 452(1H, d, J=8Hz, 2-H), 464(1H, s,

4-H), 496(1H, s, 2-H), 600-615(3H in totel, m, A-ring
H), 670-704(6H in total, m, B-ring H)

Compound I-d, II-d-1[gallate]

colorless needles(H0), mp 266-268, IR VI&' cm-1
:3400(0OH), 1710(COOH), 'H-NMR (acetone-
ds+D00)d : 720(2H, s, galloyl)

Compound I1-d-1[procyanidin B-2]

colordess powder, [0/]28 T +349°(C=10, acetone), 'H-
NMR (acetone-dg+D20)8 : 2.62-3.08(2H, m, 4'-H),
400(1H, s, 3-H), 431(1H, br s, 3-H), 475(1H, s, 4-H),
496(1H, s, 2-H), 512(1H, s, 2-H), 580-620 (3H in
total m, A-ring H), 660-720(6H in total, m, B-ring H)

Compound I1-d-1 [procyanidin C-1]

colorless powder, [0{]23 1 +755°(C=10, acetone),
IH-NMR({acetone-dg+D:0)8 : 264-296(2H, m, 4”-
H), 412(2H, br s, 3, 3-H), 436(2H, br s, ,3"-H),
482(2H, s, 4, 4-H), 504, 512, 520(each 1H, s, 2, 2,
2”-H), 590-620(4H in total, m, A-ring H), 660-
730(9H in total, m, B-ring H)

Compound ITI-a-1 [prodelphinidin B-1]

colorless powder, [a]le I -644°(C=12, acetone),
TH-NMR (acetone-dg+D:0)d : 280-324(2H, m, 4-
H), 440(1H, m, 3-H), 487(1H, brs, 4-H), 517(2H,
brs, 2, 2-H), 560(1H, m, 3-H), 596-6.10(3H in
total, m, 6, 8, 6'-H), 652, 6.70(each 2H, B, B'-H)

717184 Aol & FHEE [a-le 74 4
22 o] : -139°% 4L 'H-NMRel od
aliphatic o] 213 290 (dd, J=18, 3Hz), ¥
3.10(dd, J=18, 4Hz) signal® &g ArelA
chemical shiftgFo] C3+¢] C-4 proton¥o] &elx
t}, ©§2o] 507(brs) ¥ 555(m)9] signal®] ELAE
C3te] 2-H, 3-H9 AL£dS ¥9Ur}t Aromaticd &
ML 663(rs) o) £E ¥ 77 catechol$HB
3) 6-H, 5-H ¥ 2-Hol AEA ATk =3
6.05(brs)¢) 'H-NMR signal& B &E) 2 Ho} 7z}
A%te] 6-H, 8-H #ALol ZAAEHUL 7.03(s)>
snglet® 2-HE 9] gallate® AAlS}E A0 2 Hol
o} 33EL (-)-epicatechin-3-O-gallate & & F A3}
Atk 3FgE O-a-1, b, I-c-15 FY3 FFE=
AT BFE b FA Yo [0])

¥



+94°8 LAY IRl A 3250(0H), 1610, 1520 P &2 AU compound lI-a% BH3NHEA B
(aromatic c=c) &1 F Ut} 1H-NMR )31 aliphatic & [a-12 98 571 ARt o] FFEL FollA
G| 93 252(dd, J=16. 8Hz) L 294(d. J=16, el vh e BEE a1 AT (0)-
6Hz) signalS Hgokrto] 2loi A chemical shiftgho] epicatechin-3-O-gallate® ZA A HUtk HE
C#e C-4 protonyo] FIH AT B-Lo] 402(ddd, thiolysis % tannase AzlA] 33E [-c-12 1H-
J=9, 8 5Hz) ¥ 457(d, J=8Hz)9| signal® +E4} NMRoN A (-)-epicatechin-3-O-gallate®t & x| &} 33Tl
L C39 3-H 2-HY A%49UE 4t Aromaticd 318 [-d-29] tannased 2ol o sHgHE I-d-13
Qo N 675(dd, J=8, 2Hz), 682(d, J=8Hz) % 5L [-d 28 A AA4goR Ak HFE 1-
692(d, J=2Hz)e] £& Y-S ABX-type AlAMSIE d-2+= galatestEEol3ith oleldt 2345 & ¢ 3}
2 2}7}; catechol3H(B3H) 6-H, 5-H. 2@ 2-Hd A& & [IE procyanindin-C-1-3, 37, 3”-O-trigallate®
NZT TS 509 2 6062 1H-NMR signale Zh7+ EAET, S¢E O FE  thiolysisol Al
J=2Hz%] doublet® A% 6-H. 8-He| #&0o] 4R compound [MT-a$t compound MI-bE &5 UUL
5o} (+)-catechin® & &A=t} 3 a2 gH3U0uSA] 38 a-12 ©]
3FE M-bE H-NMROIA I-b3} singalo] U3 -2 An §P0) AR SAGYE R
Sl E  (+)-catechino] Tt SFE 12 tannased oA} o]n] 83 A procyanindin B-22 el =itk
A B 9 [-[dE B EH 0T, compound I- B [[-h= 1H-NMROJ A (+)-catechin® 2 574
dE= IRAA 34009} hydroxyl, 17109} carboxyl7] 7} A v e @ epigallocatechin-(45—8)-
o1E o™ H-NMRANME 7.02 ppmoll A 2H9 epigallocatechin-(43—8) -catechin . 2 &< = T},
siglet®] galloyl7]7} EQlE P E gallateith 3IEE
I-d-2% 92} 1H-NMR signale] JA3} ) o8 s 4, B2|XH| ER(ATEEIE)S| GAKE Al
AHRE FFstel E W compound @& (-)-
epicatechin-3-O-gallate®} (+)-catechin® ZA¥H 1) Tyrosinase
procyanindin B-7-3-O-gallate it} 382 @+ €3 ddozieH &F #e§ polyphenolt 9
thiolysisoll 218l compound II-a$t II-bE 2 © 1 mole tyrosinase A5l 84S A A3E Fg 9T 2o
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<Fig. 3> Effect of polyphenols isolated from persimmon leaves on the tyrosinase
& Procyanidin C-1-3", 3", 3”7-O-trigallate
m: Epiallocatechin-(45—8)-epigallocatechin-(43—8)-catechin
A Procyanidin B-7-3-O-gallate
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Procyanidin C-1-3, 3", 3”-O-trigallate= 100 uMol 4|
70%9 738 ANERE JEHE O epigallocatechin-
(43—8)-epigallo-catechin-(4/5—8) -catechint= 51% 9]
A a4 Jepdeh ol a3 3EEY 1l
MAZTE ARS-E T U koje acid, albumin BT -4
dpom JRES v S F F Ue 7154
FAEY AFE 2AZ M0 B E 3

2) Xanthine oxidase(XQase)

Z¥olo 2 Bg 4 B3 polyphenolF 2] XOase
A E4SHS A AHde (Fig. 9 2ok
Procyanidin B-7-3-O-gallate$} procyanidin C-1-3, 3”
3”-O-trigallate 2, gallate7} £ 3}3HE A 100pM
o] FLolA 66%9 63%9] Zhst AEAE e
wom &, T3 dAWNezE wvEL e
allopurnol AEET @37 74ek AR FlHL
ATt

3) Angiontensin converting enzyme{ACE)

Zrgo 2Ry £4 83 polyphenoi 2] ACE
A gdaEeAs 49 BIde (Fig. 53 2t
B-7-3-O-gallate= 100uM-F

8) -epigallocatechin-(43—8) -catechin, procyanidin C-
1-3, 3", 3”-O-trigallates= 7}Z} 90.69, 80.90% A3} E
st ol2ld ARZ 7Y A& HHE L
eto Al E3rt g Aolet AzEn

l

Iv. g¢k 8l H&

saa pQozny EXxe, wMiy ¢
A &4e) MFEROT 9E9 flavan-3-o HFE
& BYRT 7171846 o3 getrxE HHth
7} 3} E L& (+)-catechin, (+)-gallocatechin,
procyanidin B-1, pyrocyanidin C-1, prodelphinidin B-3,
gallocatechin- (40— 8)-catechin® 4l & & <l
procyanidin  B-7-3-O-gallate, procyanidin C-1-3'-3"-
3" -O-trigallate, (-)-epigallocatechin-(43—38)-
epigallocatechin-(43—8) ~catechin ©]¥th 7o ZH
B 44 2838 poypheno® e ACE A &A=

283 A7} procyanidin B-7-3-O-gallate 100
UMESZAA 94%9 AHEHE UJERIASH
epigallocatechin-(43—8) -epigallo- catechin-(4/3—8)-

KX
=

Procyanidin T X 94% catechin, procyanidin C-1-3'-3"-3"-O-trigallate= Z}Z
o] Asjads JepHL™ epigallocatechin- (45— 9069, 8090% &= 3s}s3th Xanthine oxidase 3l
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<Fig. 4> Effect of polyphenols isolated from persimmon leaves on the xanthine oxidase

#: Procyanidin C-1-3’, 3", 3’-O-trigallate
M : Epigallocatechin-(4/5—8)-epigallocatechin-(45—8)-catechin

A: Procyanidin B-7-3-O-gallate



100

80 r
2
>
3 60 ¢
°
©
2 40 ¢ —
E \‘\\\0
&

20 1

0 1 i 1

0 25 50 75 100
Concentration(jM)

<Fig. 5> Effect of polyphenols isolated from persimmon leaves on the angiotensin converting enzyme

#: Procyanidin C-1-3", 37, 3"”/-O-trigallate
W : Epigallocatechin-(43—8)-epigallocatechin-(4 3—8)-catechin

A: Procyanidin B-7-3-O-gallate

84954 XA A3 procyanidin B-7-3-0-
gallate$} procyanidin C-1-3'-3"-3""-O-trigallate =,
gallate7} €2 FHgHEollA 100 uMe Foll A 66%
9} 63%9] 73et A &AE vebtth Tyrosinase A
fAHSs 4 AAE= procyanidin C-1-3-37-3-0
~trigallatet= 100 uMll A 70%2] 74k As) &4= 1}
B}l O™, epigallocatechin-(4/5—8) -epigallo-catechin-
(48)-catechin= 51%<] A} ELFE Uehli it

e 3
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