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Abstract

In Chinese medicine, Phellodendri Cortex [Phellodendron amurense RUPRECHT], containing
berberine as a major component with such pharmacological activities, such as an anti-cholera
toxin effect, anti-inflammatory effect, and a stimulative effect of bile secretion or bilirubin
discharge has been used as a stomachic. We have reported on the anti-ulcer activity of the
berberine-free fraction in this plant. In the present study, we also found anti-inflammatory
activity in the same fraction. This fraction showed a strong inhibitory effect on hind paw edema
induced by carrageenin in rats as well as a significant inhibitory effect on acetic acid-induced
vascular permeability in mice, carboxymethyl cellulose-induced leukocyte emigration in rats and
granulation tissue formation (fertile egg method). Interestingly this berberine-free fraction
showed trypsin inhibitory activity and oxygen radical scavenging activity.

Key words Phellodendron amurense RUPRECHT, Phellodendri Cortex, anti-inflammatory
effect, trypsin inhibitor, superoxide dismutase.
Abbreviation Phellodendri Cortex, ##.
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FH s, KRNI : L T8l R, KEHm A,
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HHZ o P ROUERER 20g 0 ddY R 2%
Bdiixlzb&—f%ﬁ’f?ﬁi D, ZH%IHHNH
GBL IR HENTREIABELRREREESS LY

BEAL, EEBRICHWL, vb&UVWZuﬁB
FIEE L 228, F22/E8EINE 1 BE37TCTHINL
7otk BEBRIZHEL 2,

2 fRAFEORMY: Hwx methanol Thn#dm i
L, B2, 20O®REWCE—REL CDRLAT
) = X142 &k O, methanol T""I‘ﬂE B 5> (berberine
%) PBRELL, SoiodmBRESEEL 2%,
50% acetonitrile THRIZ BV TEEERE L, 85
-HBEOBELTEEL, 20 boKEEsE
(I 7422.0%, ¥%7F berberine & E1.0% LI T) # &R
K& L TR,

(3) MRIEER !

@7k carrageenin /2 M i#iE

REH) 200 g © Wistar/ST R -~ + D Efa"i
B Tz, RARME X L CTHRERH ICREL
1 %A -carrageenin (FIFHZE T 3) 4AHE AR 7k(ﬁ
Mo 1lml AL, FELEZ 2272, ERHE
AT EABOEHBEE S RKECLIVAZEL, F
ErEd K, BEANRSRRBRICBWT, AR
5% T 7ET TLAICBHRBELIZTERL T, car
rageenin iE A 1 BEHEETIZIE S L, EAH% 1B
BEIZSHHMEBECOREREREABEL 2, Bl
> ]~ o — L & L T phenylbutazone (Sigma) #*

e BEESEREICH VT, AR A HAKENEK
%%*’J %mfaﬁt”ﬁﬁ”“t, HohLoOBELZ
REIZ1MB &1 ~ERd @Al 72, AR
35%?&5&‘{%%”73(1:/\ PESRESRAKEL S 3
B0 RMEEDALREL 72, HEEE LT
methyl salicylate (RE{LHK TE) & Hv 72,

@7 ZBEEE A T I A A Ui

ddY RiftEer7 2 (KEH 20g) 121.0% Evans
blue 10 ml/kg * BEFIRNFE L, %V)Tﬁfa'é z
0.6% acetic acid 0.25 ml/= "7 2 % (G kEN % 5
72, BFOFEAS0SKICSEMEL HE LB L 221,

R AEK 10ml TIRIENZ &L, RIS K
PMZTE=EE20ml & L2, ZO¥EA 2,500
rpm 7104y FEJLL%%L LENEFEF 610nm

IHBITFAEEICLDMEL S, RFHIS%T 7Y

TITLIZEEZ f:u;t(f?ﬁ#]u T, FFEEAITENZE
F?&’%Lto Mttt b w— & LT aspirin (5
WEE) 2R,

@ 7  } carboxymethyl
pouch #iz & % [ mEes L

REX) 200 g O Wistar/ST LT » F D FER

10}

cellulose (CMC) -

ETIEERAS5ml 2EAL, 17TRMZEZZI22%
CMC-Na (B#1{b#) nABEEKBREEAL
72, 6EERAEIC CMCEOWHRE 0.1ml L, B
MmERFOEFEIZHG 2, HEEEHLEROEEIL 0.05%
Brilliant Cresyl Blue ? £ &EKEH 3.0ml i
FPE 0. 1ml 2Hm2, BAYE L, Bilirker-Tiirk
MERETEHEL VL 2 L2k 01T 72, Bfks

NHE I CMCERICESR W LBE L, 5108
5 o) [ B - streptomycin sulfate (BB E) &

Upenicillin-G (200,000 units, Sigma) # &
ACMCHEMEL.OmI 7220 0.1lmg &% 5 L iz
ZEBRIZHWR, 2, BlEzrbte—ne LT
phenylbutazone # B\ 72,

OFHEBINSC L 2WFRE

SFERINIEINOE ROBBL SR DL DR
vz, BoEZm0iz L T8 2cm DIEE=ZA
FORICORFR 20D, S S IZHIREME L WR L 72, K
12, EmAEUTRRE R, ABE25%T 28T
TLEMICBREZIIERL2ER B0l 2 LA
SERALEZRIOMmOBEKT s A7 EFFAL, B
FRLEAERAL 2, ME% 4 BETCIZ TSP
L7tk BRLAFMNEERT + 2 72RDHL
72e Bl B TR DK ZBEC72H%55CI2T—
BRHE L 72, MEAFERL, FREAFAEER
T4 ATERNL, AL LHEEL TEVETR
ERT s A 7ERXELIVCTENL 22, BiEo >
} v —sL & L T phenylbutazone * Bl 7z,

(4) Trypsin FRESEMAIEE"

Trypsin (Difco, 20.0 gg/mb K UK 2 £ 1
Z411/15 M phosphate buffer (pH 7.6) Ziaf#%L,
37CT 10 MR L 7214, 1.0% casein 212 T
37C T 30 wMEfRiE L 72, 2 X2 0.8 M trichloro-
acetic acid (TCA) #Mmz, 37C 7T 20 s HRE
L, 3000 rpm TIORME L5 BER AT - 72, 185 72
Ei#12 0.4 M sodium carbonate % (* 1.0 N phenol
HEAM237CTI05MIREL 72 %, 660nmizk
T AU # 805 L, trypsin 283 5 BLEE
HaRHz, REGTTIoMIZERT S TCA ]
R 5 tyrosine D 1.0 pg BBIZHLETLER
*’TTIL% O trypsin 5 A 1 B (U) & 3%
L, 158z trypsin &% 1 BAL 20008 T 5%
trypsin EHEEE S IREHMA (JU) S ERL
726

(5) Papain FEEEM X"

Papain (Merck, 50 yg/ml) R UFE¥ & 2 £
#11/15M phosphate buffer (pH 6.0) |Z&ML,

trypsin & & [FEEEIZ U T papain &2 T 5
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EMIAEE 2R L 22,
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KD F T 2L ThT o 72, T4 b b, xan
thine, hydroxylamine hydrochloride & U* phos-
phate buffer (pH 7.8), R NIEEMH % 37C T10
SRR L, KiZ xanthine oxidase # /1 2 T 305
HIfREL, FEW (sulfanilic acid, naphthylethy-
lendiamine, acetic acid DiEHK) #Mmz, HFiLT20
SHEIHE®MMOInmIZB TR EELBE L 72,
Xanthine oxidase NDEME 450U MET L & 2 NE
BEE® 18 (U) tEFRL 7.

(7) HEEHFAIARIE

E/EHMNBEZI, Student » tREF H W
THRETL 72,

#w R

1, MREER

(1) 7 } carrageenin & iFIE (AT 3 5 2248
Hhad 5 EE 10.0mg/kg DBEENEZSICL - T
carrageenin iZREHTHI AN % 7~ L, 20.0mg/kg T
3 FI B & phenylbutazone & ) L v Lo, &
WHIHIER 2R L 72, 72, 0.2mg/kg @ berber-
ine sulfate | carrageenin iFZ8& (25 L H&HER %1
hd -7 (Fig D), FBEEGI2L-TH,
A4 (2.0%) (% carrageenin iZHE & A FZIHI
L72h° (HIH#17.6%), 2.0% berberine sulfate
R Pt EEE ¥ | TRV 72 2.0% methyl salicylate

BABLHHER 2 RS o~ 72 (INiHIER12.8%,
14.1%) (Table 1),

(2) MmEEBETEICNT 288 Bty
i 40.0mg/kg D TS CTREEBRMSIIZ LS
BN~ EFREL» HEIZEEL 200 (0HIEFE
—33.0%), 200.0mg/kg D TG TILEIZAE
ZHORIL 72 (HPHIER 34.0 %), Bt b o—n
L L THlv 7z aspirin (40.0mg/kg) LA F 440
BIER 2T L, FOIHEIZEIL26.0%TH - 72797,
berberine sulfate (4.0 mg/kg) 3/ E L {E:#/EH
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Fig. 1 Effect of intraperitoneal administration
of Phellodendri Cortex extract on carrageenin-
induced hind paw edema in rats.

Data are presented as mean+S.E. C | control,
& | phenylbutazone (20.0 mg/kg), o . Phel-
lodendri Cortex (10.0 mg/kg), B . Phellodendri
Cortex (20.0 mg/kg), ® : berberine sulfate (0.2
mg/kg). Significantly different from control at
*p<0.05, **p <001,

Table 1 Effect of local administration of Phellodendri Cortex extract on
carrageenin-induced hind paw edema in rats.
Treatment Dose (%) n (g&vglérfs(yg)) Inhibition (%)
Control 2.0 9 83.5+5.1
Phellodendri Cortex 2.0 11 68.6+5.7* 17.6
Berberine sulfate 2.0 10 72.8+5.3 12.8
Methyl salicylate 2.0 10 71.7+5.8 14.1

* . Significantly different from control at p <0.05.

Table I1 Effect of Phellodendri Cortex extract on acetic acid-induced
vascular permeability in mice.
Dose Dye leakage
Treatment (mg/kg) " Mean (u@)+SE. Inhibition (%)
Control 12 27.7x2.0
Phellodendri Cortex 40.0 8 36.9+3.5* —33.0
200.0 7 18.3+3.5* 34.0
Berberine sulfate 4.0 8 38.613.2** —-39.3
Aspirin 40.0 10 20.5+3.0* 26.0

Significantly different from control at *p <0.05, **p <0.01.
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2ol 7z (E#lE--39.3%) (Table ).

(3) AmEREEICHT L 7 PEEHETIC
fER L 72 CMC BNz #iik 2 /Anik 5 L ¢, Ao
BREEE I T 2 BET L 72, £ ORR, HEAOH
H 43 ] 13 20.0 mg/pouch & ¥ 100.0 mg/pouch @

BEICE D BmMERGEEZFHEICHE L 22 Gz
29.8%, 60.9%), % 72, berberine sulfate (2.0
mg/pouch) RUMHEaI >y to—E L THW
phenylbutazone (20.0 mg/pouch) i & & 7 i il
fER %L 2 (IHIEI339.7%, 46.8%) (Table

Table III Effect of Phellodendri Cortex extract on CMC-induced
leukocyte emigration in rats.

e Dose Count of leukocyte/ml e G
Ireatment (mg/pouch) of pouch fluid (x107/mi) _ hibition (%)
Control 8 6.15+0.53
Phellodendri Cortex 20.0 6 4.31+0.40* 29.8
100.0 10 2.40%0.36** 60.9
Berberine sulfate 2.0 7 3.71£0.35** 39.7
Phenylbutazone 20.0 8 3.27+0.32** 46.8

Each value represents mean+S.E.
Significantly different from control at *p <0.05, **p <0.01.

Table IV Effect of Phellodendri Cortex extract on granulation
tissue formation (fertile egg method).

Treatment (#gfgg " Glgf;“vlvﬁgh“t o< Inhibition (%)
Control 9 9.4+0.7
Phellodendri Cortex 100 10 6.0+£0.5** 36.2
1000 6 3.3+0.4** 64.9
Berberine sulfate 10 8 6.4+0.4** 31.9
Phenylbutazone 500 6 6.5+0.9* 30.9

Each value represents mean+S.E.
Significantly different from control at *p <0.05, **p <0.01.

Table V Inhibitory activity Phellodendri Cortex extract and soybean trypsin
inhibitor on hydrolysis of casein by trypsin in vitro.

Drug

Conc.

Optical density Inhibition (%)

(Mean+S.E\)
Control 8 0.463+0.003
Phellodendri Cortex 0.031 mg/ml 4 0.464+0.003 0.0
0.063 4 0.462+0.003 0.3
0.125 4 0.452+0.004 2.3
0.250 4 0.424+0.005 8.4
0.500 4 0.344£0.009 25.7
0.750 4 0.195+0.001 57.9
1.000 4 0.099£0.009 78.7
Control 8 0.416+0.003
Soybean trypsin inhibitor 0.10 gg/ml 4 0.408+0.002 1.9
0.20 4 0.400x0.002 3.7
1.00 4 0.333x0.000 19.9
2.00 4 0.26910.002 35.3
4.00 4 0.117+0.001 72.0
6.00 4 0.064=+0.000 84.6
8.00 4 0.053£0.001 87.4
10.00 4 0.048£0.000 88.6
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Table VI Inhibitory activity Phellodendri Cortex extract, superoxide dismutase,
soybean trypsin inhibitor, bovine serum albumin on superoxide anion
production by xanthine oxidase system.

Drug Conc. (zg/ml) n Optical density Inhibition (%)
Control 3 0.181
Phellodendri Cortex 10.0 3 0.130 28.5
100.0 3 0.060 66.9
Control 3 0.216
Superoxide dismutase 0.5 3 0.167 22.6
1.0 3 0.134 37.9
5.0 3 0.055 74.7
10.0 3 0.031 85.6
Control 3 0.213
Soybean trypsin inhibitor 0.1 3 0.213 -0.2
1.0 3 0.214 -0.6
10.0 3 0.213 -0.2
100.0 3 0.212 0.5
Control 3 0.149
Bovine serum albumin 10.0 3 0.149 -0.6
100.0 3 0.143 3.5
1, LIEFRNIERTH 2 W HEM D H 5 729, bovine
() WEERIZRITTHE | THBIEICLAAW serum albumin (BSA, Sigma) (22w T L4
FOMBUCATT 5 BAIMIR sy B8 % et L 7248 To72. FOER, BSA Z 100 pg/ml T L &1l

£, 100 /lg/dlsk R 1F 1000 wg/disk o FH = T A #F
B EICHHEIL 72 (0HIEE36.2%, 64.9%),
% 72, berberine sulfate (10 pg/disk) M =
> Fe—n & LT 7 phenylbutazone (500 ug/
disk) LEELISIEMETRL 72 (NHIE31.9%,
30.9%) (TablelV),
2. Trypsin BRER M
BRI SO trypsin DEMIZ T TR AR
BT L AR, EMIRmE s BB KA trypsin
EERIHEIL (50%BIERIX 0.69 mg/ml), o
PR #F & 13 0. 025 1U/mg T, soybean trypsin in-
hibitor (SBTI type I -a, Sigma, 6.251U/mg) o
#31/250 T& 72 (Table V),
3. Papain [AEEH
H a4 4 B3 papain D FEME (25 L 15 mg/ml
i7ﬁ/‘ﬂ'r,§,%l /;]A/)f:o
. EMERFIRER
ﬁ*ﬁ?ﬁﬁ;‘iﬂﬁj\lﬁf 10.0 pg/ml F1F 100 gg/ml TS
It L iETEEE R B2 £ A28 5% L 1£66.9%
«fu&’} X472, HiEM128.96 U/mg TH Y superox-
ide dismutase (SOD, type I from bovine blood,
Sigma, 189.75 U/mg) Ny 1/20 D& E T - 7:0
IR d & STV (s P AN s =

FWREHEL RS L h - 12,

% 72, macrophage # Fiv> 72Kz L - T, HEx
7 serine proteases HSHIRLIZ 51T 5 I EEEEFR N EE
PG T 2 2 L LI XN T B, £ CIEME
B RAHIEMER 2 SBTL Iz W THE L 72458, 100
pg/ml T L EHBREFHIEEREIZRD N L2 - 722
(Table VI),

z £
WHIEREEHKE L CEBRLEETH L, fb
HEE L TREZHNLTLRALNTESZ, £2T

Glal, 3z S EHAT B o B JE SIS £ LI
4B # B A AT L /2, Carrageenin & B |2 5
TARGEDOFEL BRI L2 H, BERESIC
Lo THRVITHIER 2R L 7225, A9EIZERFT 5
berberine |Z#8 %19 % & > berberine sulfate |3 #1i]
FRERE o2, 72, G52, -TY
berberine sulfate DI fEMI355 <, BIARNARS
DA ELIHER 2L 72, sz
L AR5 AIZ & £ 71 % berberine VLo 9 ik 57 A% car-
rageenin /& BEERE 2 4G 4 2 2 X Aoag X L7,

2T, RO BRI T AR A LU R
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CRRETT A 20, BERENS (F—H . 0LEE
B, B A lEREE, B2 AZFER
W) 12815 BERBIIRT AEEE, FnFcx
TLHETNERICE VB L 2, 20K, AKoHE
=7 A MBAROEEAETTET T LVIINL T
BECHELIMSEH%RL, 7 F CMC-pouch
PHs & pmEGEE €T MI LT O HIGIEE
BT, B0, EREBINEC L ZAFERET
A v 2 EER T I A SE (100 pg/disk) o 5 1%
& (500 ug/disk) @ phenylbutazone & [a] & o #lI
HifEf Ay S 4Lz, -7, ¥ 4T berberine fH 25 &
@) berberine sulfate (2, M&E@M: % JoE &7,
F 70, CAmERSEA R OCRE R A A EIZIE L
7Y, AT HIGEIVE R R L TR S A5
LOTh-7, U ENESRERIZLY, AoBIZE
%41 % berberine LIVt D i 5 7 B RIE O R IE B
N3 ONEEMEE N F U L TSR & KXY 2
&R R LT,

B RIEIZ 3T, kallikrein, plasmin 5 o) 1
3K serine proteases 7%, I YLIE R B ME
OEBME L TOE S, QRO E & BT
M 4 FEE M peptide Tdh 2 kinin O8I B 5+
LHEEFZTH Y, soybean trypsin inhibitor (SBTI)
% ) serine protease inhibitors (1 kinin ¢) % B %
i+ 2 2 &S50 TE Y, 2L D inhibitors
IR &R 2 X A S s ST
¥ 72, #EMIHK D proteases T# 5 thiol proteases
(3SR EAEICE S, RELFERTFD
ARICES L, MEOWBETEELEEX AL Tu
LI EPHILNT D, F I CHE2ITZoEMT
SEOMRIEEROBEF 2B 0127 572602, 2
L5 @) proteases (X T A FRA A a4 5 HIWT
serine protease & L T trypsin %, thiol protease
Y L T papain ¥ #1X, FNEFNOBERIEEIZT
LAFRIz > TRRENL 72, Z0# R, trypsin &
(2R L TIEHBRFLIRIER 2R L2 Lo,
papain FEMICH L TR A RUTE v I L %4
Lk o, 2D EkH 5, berberine Lib o #
R R T ORI REAER O R BEF L, serine
proteases |23 T A RREEHIC L - T 2631 T
W aJREIEATRIE R AL7,

F 7o l, IETEREER S RIE )98 71 7 mediator &
LT, mEE8MO FLE RN Y MERDIEE % 5
XEIFIEHLICES D DRD, THIE
o (PR RE F A% 3R AR & £F D superoxide dismutase
(SOD) DIt REEN BT, V) 27=F 2%
LB IZ I S Tw b, £72, 2D

serine protease inhibitors & iE1EEEF D EELE % HIH
FTHIEpELNTY 5, A, R 3ASEE
HEEFERMIEIER 2L, FOEEEFomEL Y

BB EIN-SOD DM 1/200EETHDZ &8
LIz L7z, SBTI 100 pg/ml # KIGHRICMZ TE
EREBRREIEERIED LN 22 s, K
SEORT G EIBIE/EA 12 serine protease in-
hibitor & L THOERICL 2L DTk % {, £
NOIEFRFEIZED T Wb Z L TRRE N, —
#, SOD DFHEAR]IT H % diethyldithiocarbamate
(DDC) 12 & » T BN FE M prostaglandin E,
ENETH»L253N, F002HICBREITRS
NazrrmbnTws ™ %72, aspirin, indo-
methacin % ? JE steroid BRI EEEIZ L » THH &
R I b FMEREIE, BHEICEBIT S prosta-
glandin E, &8 HEIFRTH 2 EEZ LN T
%, &5~ L AR5 HE A prostaglandin E, D
cytoprotection fEFH 2 R4 Z L #H L5 IC L TE
T50; SOD D5z L0 F v | BHF prosta-

glandin E, €289 6 Z &AL IZ S LT
22 2L kb b AL E D SOD & RN E
1 prostaglandin E, 24 M3 ¥ 5D Tli L »h
EEZ LN,

PLEon & 91z, Ko EHIE steroid RIRIEEK &
A2z e Eosg iR EEREZ ~TICL
PhrbbLT, FNLOBWERTH 5 BMERE 5]
ERIZLWEDPN TR FDRERIHT S & v
52 &, AHEENRICEYBWLEAKRE LR
B LI ENTHIZRNS, £EIZEIND, XK
ERZEWEPEBT 2 2 E 2 REICEE L L
THDH, LEHME T X 2L EHOWEDEEYT
H0, BERS VMO EHEST EBERETVET 5
CEIE o TR UHTERBER2FO>HAELEZL
N, H2WIERHENEREMZ R OWHEL TS
BEENTWAHMOWMEICL > TBICB T 25805
RES N, DMMECBITARIIELED L T EHAER
EMORNB L 725 3N TV BRI H B, 22
ICHE—E PR L L THWLEES L OKRELHE
B SHbEEZLND, LD -»T, RIS %
BE| 2OEBEAZRHT 220 LMELES
BUERNDFHRICL 20T, HOLEERUL
Lo & H o CERIBER 2 RRET L 72,

REHA & BRI TR & BRI 2 DEIBIEH 4R
3 berberine DIfHFER & L TEELEE L L TH
Wil TE72, LA L, berberine UMt m s L&
LB IR A L) 2 ARRIZE - TR AL
MREERZ L AT 2L 2% - 72, Hk
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HdHZEiziE, ZoFEDERABFENLIDELT
SOD ¥ 4EH & 1F serine protease inhibitor ¥ L T
DERD S5 Z LB, FRS, BT R
ERERFTHN, SLIZEHEBE BRF EiLL
FBrORBOREFRBIIERICEEL T 2E L
LN TV EHBE L IBIET 2ER 2 AaEHITRL
RZEREFICEETHD, Uz trs, E
HH#2 D\ T berberine YN N EEEHRIZ >\ T
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