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Abstract

This study was conducted to examine the development of a new anti-inflammatory substance with potent anti-inflammatory
activities that was derived from the Platycodi Radix butanol fraction. To accomplish this, the chemical structures and
anti-inflammatory activities of the components were elucidated. Upon column chromatography of the tertiary subfraction, frac-
tions 8-4-1 and 8-4-2 were identified as platycodin D and D3, respectively, following recrystallization, based on melting point
(MP), infrared (IR), and positive fast atom bombardment (FAB)-mass and nuclear magnetic resonance (NMR) spectral data.
Platycodin D and D3 exhibited strong anti-inflammatory activities in rats when administerd at oral doses of 12 mg/kg and
36 mg/kg, p.o., respectively. Platycodin D and D3 induced inhibitory effects on capillary vascular permeability in rats at oral
doses of 16 mg/kg and 24 mg/kg, p.o., respectively, and potent inhibition of leukocyte emigration in a carboxymethyl cellulose
(CMC)-pouch when administered at doses of 3 mg/rat and 7 mg/rat, s.c., respectively. These results verified the high anti-
inflammatory potency of the platycodin D and D3 components in Platycodi Radix.
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Fig. 1. Isolation of the compounds from Platycodi Radix.
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MP : 229-236T

IR , m(cm’') : 3462 (OH), 1736 (ester),

1635 (C=C), 1040 (glycosidic C-O)

'H-NMR(600MHz, pyridine ds) : 1.438 (3H, s, CHj),
1.125 (3H, s, CH;),
1712 3H, s, CHy),
1142, 0.970 (3H, s, CHy)

BC-NMR(150.9MHz, pyridine ds) : Table 5
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IR , ,l:ir(cm_l) : 3462 (OH), 1734 (ester),
1638 (C=C), 1040 (glycosidic C-O)
MS. m/z (rel. int., %) : 1409 [M+Na]",
1277 [M+Na-132]",
867 [M+Na+132-132-146-132]"
'H-NMR(600 MHz, pyridine ds) : 1.435 (3H, s, CHj),
1.083 (3H, s, CHy),
1.704 (3H, s, CH3),
1.113 (3H, s, CHj),
0.995 (3H, s, CHj)
BC-NMR(150.9 MHz, pyridine ds) : Table 5
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2 3l TLCE A8y 2 B3 compound I 2 I =
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Hlmate] 74z}t 2el5te]
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27} 20 mg= BtOH(S mL)9l o]al o719 8% H,SO4 5 mL
£ 7ol 10417 Bt ERsIsATh o] &3 23t tell 5 mL
2 FFsle] gt Fof] AAES B2 Aa AAZ:AA 2
TFPES Aglon, CHCl:: MeOH: H,O(7: 3: 1, the lower
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1. Subfraction2| & x| =1t

Butanol %22 column chromatographyS 2 A]&ke] A&
1570€] subfraction®] &< Fig. 13} 2t} HE=3F Z} subfrac-
tion®] A-carrageenan 5t F-& A A& A= Table 1]
eplil o, f32H8-2 YElU= S subfraction No. 87}
subfraction No. 15 ©|%1T}. =, subfraction No. 8 200 mg/kg
S AT Tl FolME 2, 3, 4X7kelA ZH 20%, 34%,
40%2] 75 A 28-S dehlilon, 3413kl 95%9]
2] (p<0.05)2} 4AI7tel 99%2] §-2]4(p<0.01)S VFERARL
t}. 3 Ibuprofen 200 mgkgs FoI3 thE2ToA = 2, 3,
4AZEIA ZHZE 15%, 39%, 38%2] H-5 A4S el e
™, o] 25 subfraction No. 8- 2A] 7t} 4A) 7bol|A] ) 2

Z7(Platycodi Radix) Butanol ¥8&59] I35 &4 A& 775

ur $F odAlgo] Hol 9 & ¢
@
==

A Zrell A el 4x1Z A 95% 2]/ (p<0.05)< YERNATE
Rosa et al(1971)< carrageenan edema®l] #oJ3}= chemi-
cal mediator+= carrageenan A} & 1.5A]1Z174A] histamine ¥}
5-HT®], 2.5A1Z7FA & kininF7}, 2.5A1%F ©] 32+ arachi-
donic acid®] cyclooxygenase product %2 391 PGs(pros-
taglandin )7} ToJ@t}iar Hasll 0™, Salvemini et al(1996)
2 1AZRR| 9] 7] ol A= histamine, 5-HT, kinin, PAF
59 EFE0] #AsIH, 177} ©]F 6AIZM7HR| & prostaglan-
din, superoxide anion, nitric oxide 5°] #FJsl= AoE H
313}t Rasa et al(1971)3} Salvemini et al(1996)2] X9}
Hl w3l & ] subfraction No. 8 200 mg/kgS 74+ Foi gt
oA FFo Fosl= 8 wiZlE F cyclooxygenase U
Atell oJafl A== prostaglandinFo] A2 Ao R &
A Ao g3} Hold-S #9181 a1, subfraction No. 8
5o A Y3t 1 29 5 v FASAES A2
b
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Butanol subfraction No. 8& E&3lo] AL 4719 EFS
\-carrageenan & -5 A A3 A I= Table 29} o,
Tableo| 4] E.+= H}2} 7o] butanol subfraction No. 8-3, 8-4¢l|
A BE A 28-S YeERRITE =, butanol subfraction No.
8-3 15 mg/kgs Folwol| A salineFolwtol]l WIS 1, 2, 3, 44]
2ol 11.78%, 12.88%, 17.04%, 15.83%2] ¥-& A 242
YeEpR oY, SAIA o) vERA] etttk A, butanol
subfraction No. 8-4 32 mg/kge Fo] Tol|= saline o] Tl
Hl&) 1, 2, 3, 4A17kel p<0.05, p<0.012] F2lAdS LEhd o
A-carrageenan -2 F-5 o)A #-go] HoldS & 5 9l
o 2EBR §F A 28] Holid butanol subfraction
No. 845 thA| &8sl 1 74 B g FAS2ES

A5k T
3. Sub-sub-subfraction2| £& X =1}

1) §E3EE

Butanol subfraction No. 8-45 £&3}o] A2 279 &
E4E 77t Ak o]& EZ9] A-carrageenan FE F-F
AA| 2ol tiste] A& A= Table 32 ZOoH, com-
pound I 2 MoA F& A 285 YRSl =, com-
pound I 12 mgkg F TollA= saline o] ol H]3 1, 2,
3, X137kl 21.57%, 32.97%, 33.38%, 35.51%2] H-& A 2}
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Table 1. The antiedematous effects of each sub-fraction of BuOH fraction of Platycodi Radix
on carrageenan-induced paw edema in rats

Material Dose No.. of Increase percent of paw volume(M.tS.E.M.)
(mg/kg.p.0.) animals 1 2 3 4 b
Control - 6 67.5¢ 6.4 81.6x11.6 102.4£11.6 107.5¢12.4
BuOH, Fr. 3 15 6 66.0+ 3.8 82.8¢11.6 109.54¢11.2 109.7+¢10.6
BuOH, Fr. 4 100 6 77.1¢11.3  101.7£21.2 122.0+15.3 107.8+ 4.9
BuOH, Fr. 5 40 6 74.74¢10.3 94.0+17.1 136.2+19.2 121.4+24 .1
Ibuprofen 200 6 48.4+ 7.7 45 .4+ 7.6* 39.4+ 7.5 34.8: 7.7**
Control i 6 61.2+ 8.4 63.6+11.7 65.7t15.2 77.2¢ 8.8
BuOH, Fr .6 70 6 76.1+ 6.7 93.3+ 8.9 98.9+ 6.9 105.9+ 6.6
BuOH, Fr. 7 120 6 73.7+ 6.9 90.9+ 7.6 109.5¢11.4 115.9+ 6.6
BuOH., Fr. 9 265 6 70.1x 5.3 94.7+¢11.8 100.6£10.0 109.0+ 8.5
BuOH, Fr.10 270 6 78.7+ 7.6 89.1+11.6 108.2+ 6.7 114.8¢10.9
Ibuprofen 200 6 48.9+ 7.2 45.3+ 7.0 47.6+ 5.3 56.1+ 4.7*
BuOH, Fr. 8 " 200 6 61.3+ 3.9 65.2+ 5.3 61.8+ 5.4* 62.1+ 8.3**
BuOH, Fr.11 100 6 61.8: 8.8  81.5:14.6 67.7413.3  79.5: 9.9
BuOH, Fr.12 100 6 - 84.7+ 9.1 95.9:14.0 110.8+11.9 102.1£10.2
BuOH, Fr.13 100 6 74.4+ 9.5 96.9+14.3 111.4+¢17.5 116.4+ 8.1
Ibuprofen 200 6 70,3+£10.9 69.5¢11.2 57.4+ 7.6* 64.1+ 7.4**
Control - 6 67.5¢ 6.4  81.6:11.6  102.4¢11.5 107.5¢12.4
BuOH, Fr.14 40 6 75.8+¢10.3 94.0£17.2 136.2:13.9 121.4424.1
BuOH, Fr.15 65 6 55.4¢ 6.9  65.8: 7.8  73.6:t 5.7°  73.6: 5.2*
Tbuprofen 200 6 48.4+ 7.7 45.4x 7.6 39.4r T.5"* 34.8: T.7°"°

Significantly different from the saline group (*: p{0.05. **: p<0.01. ***: p<0.001)

Table 2. The antiedematous effects of each sub-subfraction of BuOH fraction of Platycodi
Radix on carrageenan-induced paw edema in rats

Material iﬁd w (mg]aﬁzlep.o.) g]:j_ nfafls Irllcrease per(;ent of volumz (M.iS,E.Mz.l) _
Saline — — 7 45.6: 7.6 89.5+£6.3 102.9: 81 99.2t59
BuOH, Fr. 8-1 72.02 216 7 83.1£17.2 116.6£19.0 | 121.7¢19.2  117.7+17.2
BuOH, Fr. 8-2 9.47 28 7 79.2+ 8.3 1314+ 6.6 133.6£ 6.8 127.6: 6.3
BuOH, Fr. 8-3 5.06 15 7 40.2¢ 3.0 T779+49 854+ 89 83.5+ 8.5
BuOH, Fr. 8-4 10.57 32 7 36.4: 42 67.4: 74 68.1x 7.6* 65.3+ 6.3**
Ibuprofen = 200 7 31.0: 2.4 42,0+ 7.9 51.0¢+ 6.2*" 559+ 5.4

Significantly different from the saline group (*: p{0.05. **: p<0.01)
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Table 3. The antiedematous effects of compound I and compound I of Platycodi Radix

on carrageenan-induced paw edema in rats

Increase percent of volume (M.£S.E.M.)

Material Ext. of Dose No_. of

vield(%) (mg/kg p.o) animals 9 3 4 hrs
Saline _ — 7 38.1¢3.67 68.7+6.81 93.2+9.61 91.4+8.64
Compound I 0.18 12 7 29.8+4.19 46.06.62" 62.1£7.98"  59.4+5.33""
Compound I 0.53 36 7 25.7:3.70" 40.6£3.61™"  41.2+2.46™"" 47.6:6.56""
Ibuprofen — 200 7 36.5+2.87"*" 33.4:3.82"*"

29.8:3.04 35.4¢1.42°**

Significantly different from the saline group (*:

25 el om, 2, 3 A7l p<0.05, 4 A7l p<0.01
245 YeERNATE B3 compound 1T 36 mg/kgs Fof ol
saline Fof <ol B3] 1, 2, 3, 4/\] Zhell 32.40%, 40.88%,
55.79%, 47.88%2] FF A 282 UERASI oM, 2, 3, 44]
7kl 22} p<0.05, p<0.001, p<0.01 f2]AS Yepdo
-carrageenan 1'% & A Aol HoldE & & UATh
2) MR Fof oH 2
Butanol subfraction No. 8-45 £&3dle] A
Z compound I3} compound 1] A& & ‘—waﬂ 2} %oﬂ
iste] A3k A= Table 49F 22 compound I3} com-
pound ITellA 242t fold & Yepliglch &, A5 Al 1719
dshe v T o gk A9 Oi w20 157t
el 719542l o ELLS Fofste] 3 TS 57t
Al71a1, @ Zsld 412291 pontamine sky blueE o3}
B4 U2 Tty Aae] 2 A% A7 compound [

o,

Table 4. The effects of compound I and II of Platycodi
Radix extract on vascular permeability in mice

Dose No. of Pontamine sky blue’ Inhibition

Material

(mg/kg, p.o.) animals (¢g&/ml, M+S.E.M.) (%)
Saline — 8 78.58+7.51 —
Compound I 16 8 39.89+4.79"**  49.23
Compound I 24 8 42.12+2.17* 46.39
Tbuprofen 100 8 2939217 62.59

# © The quantities of pigment permeated into peritoneal fluid were
dertermined.

Significantly different from the saline group
(*: p€0.05, **: p¢0.01, ***: p<0.001)

p<0.05. **: p<0.01. ***: p<0.001)

16 mgkgs A7 FAF Aol 2=E% pontamine sky
blue¥ 2] F="} saline ToqiLoﬂ B3| 46.23%5 A5l p<
0.019] #9488 el e, compound 1T 24 mg/kg 7475
oAM= saline ool H&l 49.23%5 A3l p<0.0012]
A4S JeEMIQlE o] 2725 compound 12} com-
pound I 25 4= A 17]9) didele dd S A = =2
A Tl tiste] Zhgh A 2Hgo] Slse & = ATk

3) 12 Air-pouch0ilAM2| BT 73 X &S

@ E321 compound 1 2} compound 9] 1Y Air-pouch
ofAle] MiE T -5 A 2H8- AAIgE AI= Fig. 2¢9F 2ok
Wedmore & Williams(1981)2} Higgs et al(1980)= oJ# E2
o] &29%8-S 2t7] Y Al= cyclooxygenase <A 28Tt
oflet ME T {5 x| 285 7HA o drha P o
A A5 919 ME T FF Al A=E AFTFeEA
A AT WAE AHE F ok FAsTh o]d 2
#Hel T FH ol air-pouchd FHEIA A7Ee] synovium@}; -
*Hf} ?ﬁEHi THE H 2% CMCE FARS] ¢itsl7] non-
=3k CMC-pouch®Hel] ]3] W&+
FE SHA ﬂ( shkawa & Mori 1969, Sedgwick & Lees P
1986). olu] & 2221 compound I3} compound IE 212}
3 mg/rat, s.c.} 7 mg/rat, s.c FATNA = saline TS o
zao fF9 NdT 7 mm® G 38,560+3,225.991H] ]
sle] 217} 26,462+1,768.7, 21,498+1245.2% 01, o]& tx
ol vlste] ML FF7F ZH2} 32.15%(p<0.05), 44.25%
(p<0.01) 7l A= omZ Ao WEd+ 21-go] 9]
52 A HSTh ol pouch Wel A& aFe =Tl
Hlal AA 9 xoks o 25 e 835 JERA] &%
ow whid Abeol wak Ao tixoks BTl oA
A= A A8 YERRA] Eskth o= HAVF w4 A8

r&% B 33
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16 Table 5. C NMR chemical-shift data of platycodigenin
compound I and II in pyridine ds
Tt H Control
ElComp. I (3mg/rat s.c.) Carbon No. Platycodigenin®® Compound 1  Compound II
o 12 L B Comp. 1I (7mg/rat s.c.) Sapogenin
<, Ibuprofen(20me/rat s.c.) c-1 44.6 45.2 45.2
g c-2 69.9 69.5 69.6
g 10 f c-3 75.0 86.8 88.3
o ) C4 48.7 48.1 48.0
= c-5 488 471 461
o8 c-6 19.1 19.4 19.7
X c-7 33.6 33.6 33.7
E 5| c-8 40.0 40.4 40.8
é c-9 47.9 48.1 48.0
?{l C-10 37.1 37.6 38.0
4 | c-11 24.1 24.2 24.2
Cc-12 122.7 123.2 122.9
c-13 144.4 144.5 144.4
2 F C-14 42.0 42.4 42.5
c-15 35.9 36.2 36.2
. , c-16 743 73.9 74.8
c-17 49.1 49.7 50.1
mm® of exudate(x10*) Total exudate(x107) g:ig :;; :;i ::::
. . C-20 30.8 30.9 30.8
Fig. 2 The effects compound I and II of Platycodi 51 i a5t 6 g
Radix extract on leucocyte emigration and protein ex- c-22 32.3 32.2 31.5
udation in CMC-pouch of rats. G-23 6.7 62.6 652
C-24 64.3 66.5 63.9
c-25 17.2 18.4 18.8
o 2lal AAe] B8] Fialx 1 ] wjEol At eMC o 2t 21 212
7} Sl A 2o 9dEFS Zuka 2SR 26k c-28 175.9 176.0 175.7
c-29 33.1 33.3 33.1
wjFo]2kar 3t Ishigawa & Mor1(1969)/] Hyel 2o Ans c-30 24.7 24.7 25.2
Glucose C-1 106.3 105.3
]/]'E}LH %E} (inner) Cc-2 75.2 74.9
c-3 78.7 8.0
c-4 71.9 12.4
4. Compound2| += ZA3H ok g 6.1
c-6 62.6 67.3
1) Compound IQ_' ?__7](_ je:Ué;l Glucose C-1 105.9
. (terminal) c-2 75.2
Compound 1+ F+=750©] 229~236CE Liebermann-Bur- c3 7.1
chard ¥ Molish ¥H-g-ol| A Z}z} <k d-& YERE ™, IR spec- 2:: :;'z
trum-S 3426 cm 'l OH, 1736 cm 'ol|A] ester group, 1636 c-6 62.0
em oA C=C, 1,039 cm*loﬂxi glycosidic C-02 FA == Arabinose o o =
&< band7} JERIE AS F3o) oA 4 N HCL-60% di- c-3 70.6 70.4
oxane® 7}Ea]s}ho] TLC”‘OHH EE3 vwst glu- g_i 2:‘: :i
cose, arabinose, thamnose, xylose % apiose ]S 2135153 Fhamnose c-1 101.2 100.6
(Ishii et al 1978, 1982, 1984), Akiyama et al(1972)°1 2|3}l 8% o-2 7:: Z:
C-3 2. .
H,SO, : EtOH &0 7}=Ea|5te] TLCANA EEE3} G4 st g2
H| w8} platycodigenin-S- BR11It). 1282 & o] compound Ch 68.6 68.1
c-6 18.4 185
T aglycone .= platycodlgenlni} © = glucose, arabinose, 2oloua o1 106.8 105.9
rhamnose, xylose 2 apiose® TAE o] o= &2led & 9l c-2 75.2 75
c-3 84.8 82.8
Atk T3k o] compound®] 'H-NMR spectrum- 6 1.435(3H, e g .
s, CH;), 1.083(3H, s, CH;), 1.704(3H, s, CH;), 1.113(3H, s, c-5 67.0 66.8
. . Api Cc-1 111.3 110.1
CH3), 0.995(3H, s, CH;) 5702 angular methyl singlet signal®] piose o2 . e
yelgoer, § 5230 ppmelA H-12 olefinic proton©] broad c3 80.5 79.2
3k singlet© 2 YERASITE $HA, "C-NMR(Table 5)& ¢ 93.7, o4 752 4.7

C-5 64.4 65.8
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101.2, 106.8, 111.3 ppmellA 5712] <] anomeric carbon
signale] YERJEE glucose, arabinose, thamnose, xylose 2!
apiose”} 217+ 1 mole®] Z¥ = o] 1o, o] &t ano-
meric carbon signal®] ¢ 93.7 ppmollA] UELIH, aglycone2]
C-3 BtAol] 71913} signalo] 6 86.8 ppmell Al YER}aL, C-28
9] chemical shift7} 176.0 ppmel|A4 YElU= ALR Hol
C-37} C-28¢9l Ho] A¥= o] 9= bisdesmosided = &
AAT}. Ishii er al(1978, 1981, 1984)°] H.13} platycodin D
o} ¥lm3te] 13C chemical shift7} YX|3la REFAE DX
S22 o] compound®] TZ+E 3-O- 5-D-glucopyranosyl{2 3,
38, 16 @, 23, 24-pentahydroxyolean-12-en-28-oic acid} 28-O-
B-D-apiofuranosyl(1—3)- 8 -D-xylopyranosyl(1—4)- a -
L-rhamnopyranosyl(1—2) @ -L-arabinopyranoside <1 platycodin
D(Fig. 3)= &3tk

2) Compound 29| = Zd

Compound I+ F+=75°] 220~225C=E Liebermann-Bur-
chard B! Molish RE-g-oll A 22} S Ut o™, IR spec-
trum-e 3,426 cm oA OH, 1,734 cm '] A] ester group, 1,637
cm 'o|A C=C, 1040 cm' oA glycosidic C-OZ FH =& &
= band”’} YEhY= o2 Hol o] compound= saponin®
2 AZtEt) Compound 13 FUS wbHo =2 7iia)gh
A3} aglycone &2 platycodigenin®} &S 2 glucose, arabinose,
rhamnose, xylose % apioseS TLC/FolA &<lg 4= o
), o]& compound I3 €&+t T3 compounde] 'H-

NMR spectrume §:1.435(3H s, CHs), 1.083(3H, s, CHy), 1.704

CHpOHO/
OH
OH arabinosy!
OH
lucosyl (@]
gluc 5 o
0 CHz
O 0 |
CH.OH OH OH OH
xylosyl rhamnosyl
OH H
apiosyl

Fig. 3. Structure of compound I.

Z7(Platycodi Radix) Butanol F8&2| g5 g A& 779

GH, s, CHy), 1.113(3H, s, CHy), 0.995(3H, s, CHs) 571<]
angular methyl singlet signal®] YERHSITE ©] compound®]
positive FAB MS spectrum= 2 m/z 14094 cationized
molecular ion [M+Na]' 7} JEFJEZE ©] compoundi 3 mole
9] pentose, 2 mole®] hexose 2 1 mole2] pentose@ ©]F1 %
22 & vk T3 miz 1409904 pentose”t Bl A A
¥ fragment ion®] m/z 1277914, 3 mole2] pentose} 1
mole2] methylpentose”} B4 A ¥ fragmention ion©]
m/z 867141 JERIEZ platycodin DOlA] gt 7]2] glucose”}
A% compound® FHEJTE B, BC-NMR spectrum
(Table 5)< platycodin D} |- F-A18}Fe] platycodin D9} H]
sty F7HH 0.2 methyl-glucopyranosidel] 3l&3= car-
bon signalE°] YERIH, aglycone¥} C-3° AEE glucose
o] C-6 chemical shift”} 3.7 ppm A} o] 5% oz Hol
I 3] glucose”} platycodin D] C-39] A3= 1 glucose
9] ¢-6°l 23 compoundd-S & 4= ATt WERA ©] com-
pound= 3-O- 3-D-gentiobiosyl{2 3, 38, 16, 23, 24-pen-
tahydro-xyolean-12-en-28-oic acid} 28-O- 3-D-apiofuranosyl(1
—3)- B -D-xylopyranosyl(1—4)- a -L-rthamnopyranosyl(1—2) a -
L-arabinopyranoside 91 platycodin Ds(Fig. 4)% A7 3} th

2% 9 #E

B Q7 27 buanol 8] 2% F4L e FE
Hye weiakn old shekd T8 FRsRen, o 43
o] Aelgy B wete] glsiqith

Z 7 butanol ¥2S column chromatography &+ 23} 157}

CH,0H

O
OH 9] arabinosyl
OH

- (0]

OH gentiobiosyl o o

CHg

OH OH OH
xylosyl rhamnosyl

apiosyl

Fig. 4. Structure of compound II.
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A7) AH-g-o
22} butanol £& No. 8-4°l| 4] carrageenan H-&
}E—ﬂ.f?}?ﬂ AAstH o, 33+ EEolA No. 8-4-1, No
o]Z 2% 3ty compound IZ} compound

No. 8°ll4] 7323} carrageenan F-%

o] compound-/] mp, IR, positive FAB-Mass<} NMR spec-
tral dataZ4-E] compound I+ platycodin D= compound I
= platycodin D; 2 273} t}. Platycodin D2} platycodin Ds
12 mg/kg@ 36 mgkgs 2H2t @F o A+ TS A} car-
rageenan 50| 7&d] A= ok

Platycodin D} platycodin Ds 16 mg/kg@} 24 mg/kgS Z+
Z} mpg-2aof] A Fol g ol RAE Y T A 2}
go] T4 YeRASIT Platycodin DS} platycodin D; 3
mg/rat?} 7 mg/ratS I 3EARSE -9 31F 2] CMC-pouch &
QoA M §77 2 AEE ephele

o]gel A AN D79 FAT FEdES
din D9} platycodin D; U2 EHls}
gAjo] 7}eEde o 9
3 2371 Aol ]']—‘C— 3 1 A8
T Al&E ook &

olg L, E53(2004) A EA BT wWEAL AE pp 152-
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