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Platycodon root, one of the most important Chinese herbal medicines, has been used as an antiphlogistic, antitus-
sivie, and expectorant agent since ancient times. In the Japanese Pharmacopoeia XIV this is listed as the root of
Platycodon grandiflorum A. De Candolle (Campanulaceae) and called KIKYOU (Platycodi Radix) in Japanese.
HPLC analysis showed that commercial samples of P. Radix all contained platycodins, and a total of 12 peaks were
identified by co-HPLC analysis with authentic samples isolated earlier from this laboratory. The peak purity and identi-
ty were checked with a photodiode array detector. The contents of the major saponins, platycodins A, C, and D, were
determined and the peak-area ratios of platycodins A, C, and D, were shown to be correlated with their sources of ori-
gin. Fourteen commercial samples of Platycodon root, the origin of which was Platycodon grandiflorum, were collected
from China (5 samples), Korea (5 samples), and Japan (4 samples) . The commercial samples from China, Korea, and
Japan each gave a distinct HPLC pattern with peak-area ratio of platycodins A, C, and D, of 1 :2:3and2:8:1,
respectively. HPLC analysis showed that those on the Japanese market were either imported from China or Korea based

upon their HPLC patterns.
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fERE D, PD & TLC ETinUED Rf B % /R T AL
FET75 0 F—ATHhHok (Fig. ). 6T, &
2Ry b OHEE S 2 HPLC IC K 5 ERETTH
TR, INETFFavoEmRpEINTNER
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(J1—J4:50g) DA% J—)UiHKICB N TIE, &
EHIZEXDEHEREONTYFNE NN, —KIC
A= 0—2ADHENELEENT W (Fig. 1.
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Fig. 1. TLC Analysis Condition of MeOH Extracts of P. Ra-
dix
[Silica Gel 60F,s4, CHCl;: MeOH : H,0 (6 : 4 : 1), 10% H,SO, (heat-
ing)].
1: MeOH ext. of P. Radix from China market (C1), 2: MeOH ext. of P. Ra-
dix from Korea market (K1), 3: MeOH ext. of P. Radix from Japan market
(J4), 4: Fructose, 5: Sucrose, 6: Platycodin D.
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3. HPLC Z AW\ o EEEDHEL
HHRFREFENTHEE L2FF 37O 2kg)
ALY =)L THIH U, EES TS BER B
U, HEELZ&EMHICDZ, [alp, IR, FAB-MS,
BC-NMR, 'H-NMR % S ERfE!*89 S 5 2
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Amax:210nm

Fig. 2. 3D-HPLC Chromatograms fo Determination of Platycodon Root (Toho Univ. Herb Garden)
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HPLC Profiles of Standard Kikyo-Saponins

Table 1. Quantitative Analysis Data of Platycodins A, C and D

Standard saponin

Calibration curve

Platycodin A
Platycodin C
Platycodin D

y=8.77X 1076 0.5
y=1.34X1075 y 01
y=1.30X1075 34

1 Dynamic range
(5 points) (ug)
0.999 5-15
0.999 5-15
0.996 2.5-7.5

y: peak area count. x: injection amount (ug).

B % %2 H1Y1Z HPLC profile D

METo. &l
W% 210nm & UG CTHEEL 2R > OfF
mZEAWTON U/ R, REEOELZ2FET
% Z &8 T & % Profile N5 5 N7z
Figure 4 1213, S EIIGE L /= 12 FEEEOE 5 O R
KXEr7O NI L EITRTE -2 No Z/RL 7z,
Profile DfEHRMN 5, PA, PC U PD OFE R DK

(Fig. 3) .

EROERED bE—VEENAEL, RELD
TOWRPEAS OWMEPZEELT, Z03EMH,
HULT 12 O 25 % W E BIE D %
HigL 7. £IT, ModtmEiRike W ERz2T
S0, T3 EFIZ DWW THBREZ RS -4
B, WTNnH 0.99 DLEEFEFEITHEVEMENES N
7= (Table 1). F/=, PA, PC XU PD OL %%k
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OH

R; R, R;3 Ry Rs R
Platycoside A (1) OH Glc H H H H
Platycoside B (2) OH H H Ac H H
Platycoside C (3) OH H H H Ac H
Platycodin D 4) OH H H H H Api
Platycodin A (5) OH H H Ac H Api
Platycodin C (6) OH H H H Ac Api
Deapioplatycodin D (7) OH H H H H H
Polygalacin D (8) H H H H H Api
2”-0O-acetylpolygalacin D (9) H H H Ac H Api
Polygalacin D, (10) H Glec H H H Api
2”-0O-acetylpolygalacin D, (11) H Glc H Ac H Api
3”-0-acetylpolygalacin D, (12) H Glc H H Ac  Api

Glc: B-D-glucopyranosyl

Fig. 4.

HZENTN, 0.46%, 0.52%, 0.16% L &ZE L I-#

NEHNz. £k, ZOMO IMEOEMHITONT
b ZNT N ERDIER K OE BRI Z KD 7=k
R, EBICLDERT—INEONLIENS, PA,
PCKUPD #88 REHOERZRESLL &
HPLC OFE &L E LS B,

4. HPLC (C&L DY R OEERVEMR) £
D L

Api: B-D-apiofuranosyl

Structures of Standard Kikyo-Saponins (Peak No. 1-12)

14 H Pt OG5 SRS T AP 2 I5—I11 (FEE
REFEERE, R REERRE, RRERREER
B, (LR R ONERAERE 3 4 P J12—J14 (AL ifEE,
TER, KR O24 niiOEEMIZIONT
HPLC 2 W/ E&ZTTV, RYRZCFEKD
R A DEVIZ DWW TR Lz, &kl
=AY S QON S Y i R I e QY R e LA
Lb0ZBHL, RIEOGECKS . T8k
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Table 2. Kikyo-Saponins Contents (mg/g) of the Roots of P. Radix from Different Sources

Location Route PA PC PD PA+PC+PD TS
China 1 Helongjiang Prov. Market 2.0 3.7 6.3 11.9 20.7
China 2 Hebei Prov. Market 2.6 4.7 6.8 14.2 26.3
China 3 Auhui Prov. Market 2.7 5.6 8.3 16.6 27.8
China 4 unknown Market 2.0 3.5 6.0 11.5 21.8
China 5 unknown Market 2.3 4.4 6.2 12.9 22.7
Korea 1 Gyeonggi Do. Market 1.9 10.8 1.1 13.7 26.7
Korea 2 Gyeonggi Do. Market 1.9 9.8 1.0 12.6 23.5
Korea 3 Chungcheong Do. Market 1.7 12.5 0.9 15.1 23.0
Korea 4 Jeonra Do. Market 1.5 10.0 0.9 12.4 20.3
Korea 5 unknown Market 1.4 8.7 0.8 10.9 20.0
Japan 1 Hokkaido-2 Market 3.1 17.2 1.7 22.0 23.4
Japan 2 Aomori Pref. Market 2.9 6.2 8.6 17.6 26.4
Japan 3 Nagano Pref. Market 3.4 6.8 10.1 20.2 28.7
Japan 4 Gunma Pref. Market 6.8 12.7 6.3 25.7 34.7
Japan 5 Chiba Univ.-1 Botanical 4.7 10.2 4.8 19.6 25.9
Japan 6 Chiba Univ.-2 Botanical 5.6 11.9 6.0 23.6 29.0
Japan 7 Toho Univ.-1 Botanical 4.1 8.6 4.4 17.1 21.7
Japan 8 Toho Univ.-2 Botanical 5.3 10.3 5.9 21.5 29.9
Japan 9 Tokyo Univ. of Pham. and life sci Botanical 4.5 9.5 5.0 18.9 26.0
Japan 10 Yamaguchi Pref.-1 Botanical 5.3 11.6 5.6 22.5 27.2
Japan 11 Yamaguchi Pref.-2 Botanical 7.8 12.1 7.7 27.5 31.7
Japan 12 Hokkaido-1 Wild 6.3 12.3 6.8 25.4 29.9
Japan 13 Chiba Pref. Wild 6.5 13.4 7.0 27.0 33.2
Japan 14 Ooita Pref. Wild 6.2 13.3 6.6 26.1 30.3

PA: Platycodin A, PC: Platycodin C, PD: Platycodin D, TS: Total saponin.

&, AENY =2 a DI AR E B 3
MEL, TOVEEZRLE. ZOMRR, SEOMH

PA+PC+PD O HGHE
mg/g), MYRZ>EE

127.0—254mg/g (£1.6
133.2—29.9mg/g (£3.3

B TlE, EYRZ2D ThHS PA+PC+PD D
ARtEZSORY R EFRIE, PE (C1—C5)
TPA+PC+PD OHEE : 16.6—11.5mg/g (£
5.1mg/g), MYRZ>E & 27.8—20.7mg/g (=
7.1mg/g), #E (K1—K5) TPA+PC+PD D&
& 0 15.1—10.9mg/g (£4.2mg/g), MY R=>
S 0 26.7—20.0mg/g (£6.7mg/g), HA (J1—
J4) TPA+PC+PD O&E&E :25.7—17.6 mg/g
(+£8.1mg/g), MY R_>EZE :34.7—23.4mg/g
(£11.3mg/g) EAEFEHTHEZDDONTYFNDH
D, HAOHER TR DRERENED SN
(Table 2). #HEq& (J5—J11) THHADH BN,

FIARICAEFETRERNTYFNED S, PA+
PC+PD O & & 1 27.5—17.1mg/g (£10.4mg/
g), MYR_>EE 31.7—21.7mg/g (£10.0mg
/g) Th-7= (Table2). —7F, BpAfE (J12—J14)
3, EEMICKDZRERNTYFNEDSNT,

mg/g) TH o7~ (Table 2).

X/, HEOEEMIZES PA+PC+PD O &G
BEOVEEI, B (26.2mg/g) > (21.5
mg/g) > HAETSS (21.4 mg/g) > EETIS M
(13.4 mg/g) >@EME TS5 (12.9mg/g) DJET,
PA+PC+PD OGEIEZZVHRT R EFREDT
BE, BARE Gllmg/g) >HARKETSN (28.3
mg/g) > (27.3 mg/g) >HEET S (23.9
mg/g) >EEET S (22.7mg/g) DIETH > /=
(Fig. 5, Table 2). £/=, MUY R EF2FDOEE
% PA+PC+PD OGEHEDILERIL, PERE,
EPEDH B TR S6% KL, HAEDOHEMT
K176% @<, FEEMAHKI 79%, BFAFETH 84%
EHAEDOWTNOAEMODRYR=EEFROD
PA+PC+PD OAEIEDLENEGNWI EN0h o
7= (Fig. 5).

X512, REFEMD PA, PC,PD DZNZFND
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Fig. 5. Variation of Saponin Contents of Each of P. Radix

o (mg/g) I, HWEEKRCEEE DTS5 T
AEHOEVICED ST, TOFELERE, 1:2:
3KU2:8:1 ThHh>7. HAEOHELMTIE, &
REFEROEFEENPEEF U GELRZ, i
ERENBERE LFUCERIERTH 2. FEMHLD
BAMTHAEERMOENVIEDST, ZOE8ER
$1:2:1THO, BEEEOTIGMLBFELU &L
RTHolzl s, BEMOFFavzmihms
LU Tl U7zl REVEAY & W (Table 2). Zh 5 DS
Rino, HAEOM S (J1, J4), Hhms (8L
HHEE) MOEEEDOTSY (K1—KS) T,
PCHEHRZ>THD, ZED PD Z2EDMMOY
RV RO BEIFTENT W (Fig. 6). —
F, BAOHEE (32, 13) KOHEEO TS
(C1—C5) TiZ, PDMEYR=ZTHD, FED
MOBRZ VLD BELEENTW I &M
5, WEROMEFMTIIRMERRTIENTES
(Fig. 6).

X7z, EEHOENIZXS PA,PC,PD DGR
ERIGEWITED s Naho 20, ERTERER
MO PA+PC+PD OFEtEZE DRI RV E &
ICHSMRENRE DN, ZOHHEL TAFR
BOMOEWITINA T, AR O EREICHA
MBHBDTRBNNEEZEZSNDT, WHEETTS
FTHEBOZTRT W KDOFEEIIDWTHRE L
7o, BEEARFEEREOFF a v OMEHNTRAE
G ENIR B XL PNk EEEODR bk
ESERICH UIRER) T L, %, miEOS

BTV EHAR Z AR L EREITT > 2. T O
BOEMNEDEO PA+PC+PD O&E &KUY R
— &R, 27.0mg/g &£ 33.0mg/g T, BRI R
CEBRBDEEN D PA+PC+PD O&EEDHE
3K 82% LR EEMEEMEERLZ., —H, KX

D DIRIE, PA+PC+PD D& EERT R H
B, 145mg/g & 26.8mg/g TRY R & &
DEEND PA+PC+PD D& ED LRI 54
9% & v [E PE R OV E O TH 8 b &SEBUE 2 R L 7=
(Fig. 7).

7z, BEMFEREEEVMRTIE, PA+PC+PD
DEEHET, +13.5mg/g (BffEHZ 100% & L
EHEEORAPES0%), MYRZ>EETE6.2mg
/g (BEfFEMRZE 100% & LG50 R19%) &
TNTNERETNRD SN, ZORENS, K
EORIIBEHENIEZTTS5 2 & TPA+PC+PD O &
FEEZELIEASEREZZENS, AR EHOMIC
PA, PC, PD OHY R VA MNELEIZEEN TN D
ZENRBINT.

Arlal,  HE R ONREE O A pE LN S lEF R =T
X, WInsABIIRA-S TREE2HY, B, =
I, A0, KREDREBBEBVWITZRD SNBN-
fo. HAEZ, W5, BREOKOCHAREDHE
DREEPE IR THBDN RN R AZ TR TV,
B, BX, GV, KRR EDOHMBENIED 51K
Moz, SGRIOHERNS, SO ADE NI E
FEDENWTH D EHEHEND A, HED#HE L
HiEm, EOXD I HETUEZTT> TWDS DM
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Fig. 6. HPLC Chromatograms of Roots of P. Radix
(Peak labels correspond to the compound numbering in Fig. 4)
A: China Market (C1), B: Korea Market (K1), C: Japan Market (J1).

DWTIRHERAEFTHS. L, UHEEDE
WTPA,PC,PD G EZEUDHRI RV ENK
ELESTWEIENS, HPLC 2V EREE
152 &7T, 1EROMEFMIETITH S ah o ek
EHIFOENS, YRZ VKRS OEERKERTET
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Fig. 7. Peel and Peel out of Saponin Content of Platycodon
Root
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DIz L, BIVEY NOBENIZHRZ D kH 2%
O#% 592 EHEICHEMNITSIEZ2HEL TY
2. YRR R EEENIEAL LSS
ICEREPEIIEML NI EHHEL TG, 2
—7, BEZIERIZDOWTHEBMKSIE, EILEY b
DRENSHMOVHSARZ AL TREZHINT 2 &
AR B0, TNEYRZRSNDMGET S &
EHEL TN 0 ZOERITREER & BR&RL
EZIDHDOTHD, FFaviidsEK, REKEE-
ERIED2DOEMAND S, —ICFFavdRz
F, YA YR K0 BEEEZIEWAS, N
fE 82 EMRIT K 5 /PRI E 2 Il 2 B = 3
HBEZENPWMEINTND, 253D Fix IT AN
DNNA 0Tz AEFIT LB FEBITH U TREsh %
R EEBIZ, Ty NOHTT = RE EFREIC X
HIFBEICH L THFNHDDOETOHREEZRT I &
HMEINT NS, 22 £ T, FIEDHERENS,
BHR=ZERFTOEENS PA+PC+PD O&E!
EOHROEIGOENKENWEEME PC & PD O
FHRZUBMOPT R T E 0 HEENHEIC
ZWAEPEMZ B & UTGRIRL /R, FEOTE
i (C3: PA+PC+PD O &it&E 16.6 mg/g, #H
R E&E 1 27.8mg/g) KUEEOWSH (K3:
PA+PC+PD O&HEHE 12.4mg/g, YR &
& :1203mg/g) EHRHRFEREEOFF 3T DOR
(J8: PA+PC+PD O &El& 21.5mg/g, YR
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Table 3. Effect of Crude Platycodins and Ammonium Chloride on the Permeability of Evans Blue
Dose Amount of E.B.?
Drug (Sample no.) mg/kg ;:Il(i)ﬁ(a)lfs exudation I“fE/e'glse

p.o. (ug+S.E.) °

Control — 6 33.4+4.8 —

Toho Univ. (J8) 802 6 84.2+7.19 60.3

China Market (C3) 80Y 6 82.3+9.29 59.4

Korea Market (K3) 80Y 6 65.4+6.29 48.9

Ammonium Chloride 200 6 60.2+6.39 44.5

@) 5% Evans Blue, 1 mg/kg i.v., b) The drug was ingested through the mouth in four divided doses.

¢) Significant at p=0.05.

Each value represents the mean=SE from six animals.

CEE 299mg/g) EERLE TNTNORD
AL ) — )i E @RI/ T T ) —ILT
L, HP-20 2175 7z TF 2 2 il BHAW &
L7z, BIVEY MIT20% T LY 2 RREHE S THE
FL, KBEIRIZ2—L 2 A%, EWik5mh
Za—LVOFHICBERLZAEEZEDDZOHICTL
BAVY, w7 TkEs, Evans Blue 4= H & ik
ZRIEEIRICIER L, [ENBHLUEBREOREZE
£ 605 nm I[ZBT SPOCEEHIE Lz, HEHEREYIC
Wby =Y LZE, 32O —=)LELTI0O%D
AMAEKERWE, HEEYTH DAY — )Ll
R, BFERTEHE, 157rB 12 80me/kg % 4 [H
WZHTTROKES L, #ERIEICHBIT S Evans
Blue DB HEZHELLHER, EILEY MIC
Evans Blue ¥ Z #IRICIE S, 4 R TRENZBH
Leadmld, ®HKRYE (J8) T 84ug, HE
PEHSM (C3) TV 82 ug, WEPEHHM (K3)
TEH65ug > ho—)L (33 ug) 1THARK 2
fELL EoBmAFED S5z (Table 3). T OFEFH»
5, BEHEEMELEY B LA REOSA L
bk, MR ZROHPEETSHOSD, HEPET
Lk D B <EMTEHHEANED 5N 74
b, EYRZCMNPDELLILPCICEFKRERL,
I 52 PA+PCH+PD OFEEDENVNL D BV R

ZUEROEVOLN, RRIEMIEEEGA5Z
ENRRE N,
6. ER

FFaUORERITH <, HATHERRAD 55
DEELE L THWS N, HRSE, PEIRSE, §EngsE
ERFEE U TEGECKEER MO ETEE & HITh
BINLFHEOENERESEETHS, Lnl,
FFavOENEERIZ 2 3/FEICBET, BN

THEINDFFavDiFeAENEITHEEDHE
M5 DEAICHE> TWDONBIRTH 5. ZDHA
& (W170t/4F) 13, EEOHE CEMSE S LE b
DTS, 2D, HAMONEFAENEEIC
725705, BEOFM S RIS ERE Z2 SO R AR
DR DOIEZ B THEEEL, 3% TO TLC 2
W B 2T TWAICEER WL, £z, ¥
DB EEZ D ET, HIC—EULOEMIRIH
DT EMEERETHD, TE, BEHLFOREL
EHITAEROHEMFFONLBER D S E->TELI L
M5, ZHNETORBRNRSEEEN S, ¥
I EE DW= R E I A O WA D JE
LR EEEDNTWE, SEO®ENS, FF 3
TDOIRD ALY =)V DO ARy RIS ETRZ >
THh2PD EPEEIHPED RFEZRLZZ &N
5, GETARY hOKE S ROEOH W &H1 iR
B THIR U 7=5- Ml 5B IR AN H 0, WEFHETF
Ll LTIl Y R HETIERW SRS N, BAaR
RELNGBEIZR S/, 2T, #Hizis e i iz
DOWF 21T\, PA, PC,PD Z##5#Z L /= HPLC
WEDEREEZMNIL, ZOHEZBRETZZET
HiGmEEAT 225G, HsndETOUREE
(EPHIES) CBU SRR EEDE TR
WIEFRICKDETOEREAHNROONEEED
WE R ENS, REFTHANHKEZRET
% (YR >E & 26mg/g Ll |k, PA+PC+PD
DEEIE 15mg/g Pl L2 REOHMEELEZ D)
Z&ET, AEMERELRSTHESOFFavz
REMRMKT D ENBEIC o /2. £/, AEHO
HBx5FFavoEBEHRHIIOWTHRFEZITOZE
25, MUYRZEREOEND S BEIEADOREIC
EERMNBOON., ZNETIET R ThHS PA,
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PC, PD O &AM DENLD, 2Nl D
PRZVEBDEVWIERL TWEH0 EHEHE N
5. Blsix, AL 75 8K C4 iz CH,OH
OEENEHIEEICESEFBL TN EOH
1526303005, PA, PC, PD BIJL @ Platycodin %8,
Polygalacin %8 OX Platycoside $g 2 & O R = >
SEROBVWIERICEETLZOTIIRWNEEDR
5. £oTC, (EROWEFHETIE, PDEEMNES
BENTVDFFaUNRMTH D, FEOME
RN R BRBOZNFFaUNERTHD
CHIETES, b, EFESIEELRELTHEAS
N5FFavoEFEITIE, PA,PC,PD 25Dk
Platycodin %8, Polygalacin ¥8 &z Of Platycoside ¥4 %
fEREIC L 7= HPLC IC K 5 @ |iEN E ik & U
THEIRFETHDL I EERE LD

B ZOWEEZRITT DRI AR
= CREEAERICEEE 2 EHIESHELREL Lk
JFET. £z, YR DRI T 26 R
EIAE E LAREREL IN— BB BRI O A
WFIRICHR L, FRA IR 2 TEE £ L AR2ESEES
HEBEDAY v T, FREAEELHL BT
9. £, FFavov R VEREZHSEG RS
WE U7z BRI 35 e mliE = 44 8 s I R
WELET., AEMEOATFICTHNEEE L,
B ER RIS =, TEREE
FE BILESES A, HEERRERAT RHE
detk, S A A R AL i i R R R R A B
SRS, BREERAE, JLAARLE fea KE
—I%, JofREERISE AT AR I, AEEEE
JE B, UF S RIEEMSGES RIS, A S
WRIEEAK, WHEEEER hHREER &&
W EEADDK, ATFN BEAEHK, Bi#m
S (L) T, T (L SES T RICEE# R
LET.
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