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Metabolism of Non-steroidal Anti-inflammatory Drugs by Peroxidase: Implication
for Gastrointestinal Mucosal Lesions
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Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used to treat inflammatory diseases including rheuma-
toid arthritis and gout. The anti-inflammatory action of NSAIDs is due to the inhibition of prostaglandin synthesis by
preventing cyclooxygenase (COX) activity of prostaglandin H synthase (PGS). However, administration of NSAIDs
causes gastrointestinal mucosal lesions and a decrease of granulocytes as side effects. PGS catalyzes two distinct enzyme
reactions: (1) bis-dioxygenation of arachidonic acid catalyzed by COX activity of PGS to form PGG,; and (2) reduc-
tion of the hydroperoxide group in PGG, by PGS hydroperoxidase. Most NSAID are oxidized by peroxidases to
produce NSAID radicals that damage biological components such as lipids and enzymes. Indomethacin, phenylbuta-

zone, and piroxicam are more toxic under aerobic conditions than anaerobic conditions during the interaction with
peroxidase. We discuss the contribution of peroxidases in the formation of gastrointestinal mucosal lesions induced by

NSAIDs.
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B fgE - PIRIER E L TASHWSLENTNS, —
75, NSAIDs QRIS T, T LB R R E D HH
RIER A 72 EDORIER B IL< D HNTWS, K
Bs a2 L 2 HARY 27 < F W O i
2R UL, NSAIDs Z EHICIRAHL TWa Y o< F
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Fig. 1. The Peroxidase Reaction Generates Tyrosyl Radicals Essential for the Cyclooxygenase Reaction?

This process involves two intermediates in which one oxidizing equivalent is stored as a ferryl heme and a second oxidizing equivalent is located on either the
porphyrin in Intermediate I or tyrosine 385 Intermediate II. The Fe**-oxo species is reduced back to the ferric resting state by reducing cosubstrates (NSAIDs).
ROOH: alkylhydroperoxide, Tyr: tyrosin, AA: arachidonic acid, PGG,: prostaglandin G,.

FIVDBERSINDG., FO oI PHIVE, NALgkE
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D 1EIOKIE TS 7 0FF 27 F—E ORBEHED
slEzan, Fur ool raFtF s
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AE VIREEIZH D, T PGHS D 3 fidALITE
RoO~)VA4F 3 R &KL T Intermediate T 2 42 5%,
5, ZHUIART MVOWENHEED S VX)L A
F3 4% —+1 (horseradish peroxidase; HRP) com-
pound I EFERIL TW%. HRP IZHBWT IO Inter-
mediate [ 134 FV 7 2 VU )lL (Fet*=0) &R 7
1 UHhFA>F2H) (Port) MH72%. Port
DiELIZH D Ty NS 1 ETFOBENE I T,
Intermediate I |3 Intermediate Il & 7% %. %= Z CTE
RENf=Fa >IN rarF s —1
i1 7 )L & BtE S % (Fig. 1).
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Table 1. Relationship between Chemical Structure of NSAIDs and the Reactivity with Peroxidase
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DL E, RVTAUHFF IR ENS
72%. Compound I IZ%F L T NSAIDs |38 GH| &
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pound II |3 & 512 NSAIDs I2 & > Ti#EL S Nk
REERICR S, 97205, NSAIDs NFEET S &,
(L FEE 3% (Felt ) —Compound I— Compound II
- bR (Fe¥t) CSPERBMEZ > TL X
DDIT, PrOFF I F—ERIGEEET S
OOFOAT T IHINERINTIRN, Dz
WIZPG ERIIHIEE NS Z &2/ 5. ZOHEIT
XA F ¥ —E ORI, PGS ©HCAIENE
tZm<MHIETS2HELEFRLbBOTHDEEALN
%, 101123 35 NSAIDs |& Compound I X |3 Com-
pound I1 |12 & > T X1 T NSAIDs 5 P h )L &
B0, HEERRGOEEEZGIEEIT.
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Fig. 2. Generation of NSAID Radicals by Peroxidase
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Table 2 IZ13 NSAIDs 7 P )ik > THEE I N
ZWEDOREML LR E R 2R 9. NSAIDs &
CHNIFINWTND, CK (creatine kinase), ADH (al-
cohol dehydrogenase) 7% & @ SH BEE D ARIEMAL %
FIER T, RS EHQIREDENTE
LWENBND ZENH D, 12 RAY I DY
OF AL EHNEHEITE, FRNEETBN
T CK % ADH {3 X D SN IR EH L Z 21T %

A2 RAZ OB EITE, FRWEHETT
HRP IZ &> THPNIER{EEI N, TOBEELNVA
R MV OBEENBER I N TRISAERIZE G &7
5., ZOWIKRIE24- b0 72V RS DY
THREOERBRDZDT, 1> R=)IVEEOEEE D5
BLTRINAF IO ER>TNEHDEEZ
5N,

EOF A LDEEITE, CILICEEENGRML
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7 —EOREMAEGIER L T 2

TI/EYON YRR )T, Y
707 2 F W TIRLEIL ORIV AF I F—Fic K
STCI7Y—=F VIV ERDIENRINTNS,

U FINBROBEITE, HFRNEAETTIE, L
% LDH (lactate dehydrogenase) D AiE AL 1]
IN/ 0 XN FF I —VICKBT U FIVEDORE
L2 TiX, 410 nm AT ICRIAR K &2 7R 9 36 D
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Fig. 3. Typical Representative NSAID Radicals Generated by Peroxidase

Table 2. Biological Damage Induced by NSAID Radicals

B3y B ANEHELE N 5EE  IBEEEE
U F )L LDH, ChE, GAPDH #£Z 5720
AT T L CK, GAPDH fLIshkn
A4 RAZI U4 CK, ADH, GAPDH #Z %
TV TH B4 CK, ADH, GAPDH #Z %
|l = s ALY CK, GAPDH HZH5EN
TEhTI )T W — 5
TIEY M — wEZD

R EINAEZ > T 5. ZOHRNWEIIZSY >
INT B KAET DHDT, TDOIEBHWEDARE
HERIZHFGLTWDEEZLNS. NEF 5 —
Y1z &> TT &7/ NSAIDs OEELANKE %2R~

HEITUFINBOEETOABERINE. T
J—=IVEME DY, HRP IZL > TEfLEI NS &EEIC
i, RUX—MNTEHZENFEINTNVDD
T, WY YFIER)T—NEEOHEEZRL
TWwaEEZLENS. ZOXDITNSAIDs 72 H
IVENZ BWTHERRL S & O RIBEIC D W THEEDTE
HHND.

4. PEEBER{E

NSAIDs iZ & 2 {HLERREE DY, HGRFIZSE
I INSEEBRCIGERT S Z EE2RBT HH
HFIXZW. 3O NESIE, 12 RAY T ONER
fEzfEE T 2EE CIRE®BRINE I D, supero-
xide dismutase (SOD) 7% HAhEfEE 2 M9 5 Z
EERLTVND 4B R AFFFy—-Fizksd
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NSAIDs O {LBRIC BN TIEEEREIE, 1R
AF T ETTZIVT I DEETOAHRRDHN
72,449 UL 7es, Zhs 0EFNCL> TER
TIN5 NEBEEAL ORI S NI Rz > Tz,
12> RAZ L OTRI > TL 25 #EEELTIE, W
S DOME LRI, SOD s EEkz kL
M, TV TEZY Lo TEIERIINSIE
Himk{bi2id SOD O BII@ D s zh-o 7z, A
CRRAF I DDBE, SIAFFIHF—VIiITkoTHE
RSN T P IIVINIS R DH D H0, &KL T
Oy AL, ZhMgkzEN L TIREE#R L ZEE
LTWiz, —F, 72074 > OIEEam T
X7 2 ZIIVTHY TP HIVE AR RERIE R
SETESIEHWTGRRRLRIGEGIEREI L .

5. CHIEBEHEES

e it A3, NSAIDs O E/2EIER TdH % Wit
ERIEORKIC /> TWa EI3EZ A #HW., ks
X, TEEfEM b2 5 & 29 NSAIDs IZBR 51T
WM, HLERE R IR LR SR S
IRNWNSAIDS L > THEI DTS HNHTH 5.
BRI = I RENN IS, PG O EARR & BHEIC
BRL TN 4 Linl, PG &R IEZV THEE
PEEDOTRTHHHTEZRTIIRWN, INETIC
IMARTEZLDIT, R TRRIC COX %
FHZE9d % NSAIDs 1§, NI AFI ¥ —YOHELE
7o TN, NSAIDs 5P h )L &7 5.
NSAIDs 7 2 71)Vdd 255 I EEER L = &k
U, < OBREEZEEL TEAKKRS ZRET
5. BHEIZIZZ O A FIF—ENEENT
B0, MAT, WEEICEEZ<OYZOTy—
MEEL TS, B ELZEETHD. N5
OHIfLICIZZ < DI ORI AF & —ENEEN
TWw3, Wallace 5131 > RX& T ooF 7 oFt
> THEEIN D BHRMEEE G ERUATR#EI T
2T EERL, HLERBEEEICERERNES S
LTWBZEERLE.®

A7 707z EROETHTOELT VEBERD
NSAIDs 2 7] 112 COX A LT PG &%
B BHN, 9050 ) AF -z kB RHE 2T
BRNDT, IRARKIZIZHSITS COX1 ZHEFEL T
PG &k Z[HIET 5. L7zn>7T, PG ARKMHEIEI
o THBER W DA, B Bk 0 W R K 9
LHfEEENEEI NS EEZ NS, —F, N

FTF 2 —FIiTk> THRH# & 321F 5 NSAIDs % fix
RALEEETIE, BHEPO COX1HED TS Z
Ehns, WLEFRICKRBIIHEET 2V AF>
-tk 2R#ME2ZIHTHAD. §5&, Th
IZH A 572 NSAIDs 7 2 VAT AE L, kiR i
ZEETDHEEZSND. PG ARIHICEET S
B b2, BRI O 444~ T NSAIDs
TONIINERT B E, BEOKRMIZIEMICRS
N, ISIAEBITHEMEIIEEINS DD LEEZ
5N 5.

IL4FETld COX2 7217 2 fH#E 9 % NSAIDs 23 BH %8
INT, ThHIIHEMEREZEEZL#HENEINT
W3, D ZOEHBELT, COXIIZBICHmRERE
U CTHEHBEMIZHEEL TWSOIZH L T COX2 1E£
JERFIZH A R AA DORIEAT 1 T—F —IZXD#H
BINTVWDLZENETFTLNTND. 2 Ll
BMS, COX2HEHD 1 DTHD, FFT M4
% NSAIDs TH B AOF AL, RIVAF
Y —PIZXBR#ZZTT, STVHNERDFELD
B3 2 ARG 5. 29 £ 7= Villegas 512k > TH
LERBEENS ISR IIND T EbMBEINTY
%.% COX2 HEHKEARNAF ¥ -V ORI
S5ICMETHURENHLTHAD.
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