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Heme oxygenase (HO)-1, the rate-limiting enzyme in heme degradation, is induced by oxidative stress

and its major final product, bilirubin, is a potent physiological antioxidant. Bilirubin oxidative metabolites
are generated from bilirubin as a result of its scavenging action against reactive oxygen species (ROS).
Thus, the production of Biopyrrins, oxidative metabolites of bilirubin, appears to reflect the degree of
oxidative stress, and the level of urine Biopyrrins may be useful for evaluation of oxidative stress. The
purpose of this study was to clarify the target organs for oxidative stress by acute abdomen, based on
the change of urine Biopyrrins levels and HO-1. The levels of urine Biopyrrins and expression of HO-1
were determined from mice cecal ligation and puncture (CLP) model , the lipopolysaccharide injected
intraperitoneally (LPS I.P) and intravenously (LPS 1.V.)) models. The expression of HO-1 protein was
shown at liver in CLP model, at spleen in LPS I.V. model, and at both of liver and spleen in LPS I.P. model.
The level of urine Biopyrrins changed in accordance with the expression of HO-1 in all models. The
level of urine Biopyrrins in 71 cases of acute abdomen was determined, and compared with the criteria
of SIRS (systemic inflammatory response syndrome). In the perforated peritonitis cases, high level of
urine Biopyrrins were shown despite of that these cases did not satisfy the criteria of SIRS. These results
suggest that the level of urine Biopyrrins is a possible marker for continuous monitoring of clinical severity
of perforated peritonitis cases.
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@5 mmf ik L1 mM phenylmethane sulfonyl
floride (PMSF) %7 &3 1ml O DPBSZINZ CTHREY
Z— b U7z, 35057 8 (12,000 rpm, 15 min) D1%1C F
HEERIL, EOE4OugF10-20% 7 77 4 TV

k7L % H W 72 SDS-PAGEIC D 4 7z, polyvinilidene
difluoride (PVDF) it (MILLIPORE #1) Ic#z5 L, Block-
Ace (KHASE) M T1R O T 1w F 2 7 D%,
U FHEHFIHO-1R Y 7 1 —F )L Hi{k (Stressgen
Biotechnologies Co., 0SA-150) 35 X U'POD#&E & HilgGHi
& (The Binding Site tt, AP-311) T, JEXA > F 2 X—
k U7z, +0%&ikE 0%, ECL chemiluminescence
detection kit (Amersham#t)ic THiH L, ATTO densito-
graphlc TZNZFNDONY ROEHREZER L.
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IV RbMFIVMAEETIVAPSLV.ETIV), TV
R b+ VEERETIV (LPSLP E5)V), ZRfLIEE
B2 7)1 (CLPE 7°)V) D JR 1 Biopyrrins & OFEHFT
Z{t#Fig. 1,2, 31w Lz,

CLPE T /VICIHBW T, Biopyrrins DEIFULEEFI 10
BREHICE— 2 2R, WoltA@bLizoblc, &
U L5 U TR %I/ E Im¥— 2 %2R Lz (Fig. 1).

Relative amount of Biopyrrins, CLP model
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Fig. 1. Relative amount of urine Biopyrrins () determined

by ELISA, according to the previously published method.
Cecal ligatation and puncture (CLP) model.
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LPSLP €7V T, WiEHM3IRHHEHICE—7 %
~L, WoltADLUIZObBIC, BU LR L T7.56
ftglc ¥— 27 7Z2R LTz (Fig. 2).

LPSLV.EFILTIE, 10~1258 %D —2 %R~ L
H#e#2 U7z (Fig. 3). HiFAER I K U BIE/KIZ5REC
BT, Biopyrrins DA BN ELIZERD 5N
o 7z, IR Biopyrrinsfifild LPS# 5:-1C X % 4V 0y g
LA R LAB I CEBERETIVOBMIERIEICE > T
L TVwaC Ebho k.

2 HOEMHROZH|

CLPET IV CIEAFIK TCOHO-1EHE 5 KR H %
E—Z7IR U, Wolc A Uz, ZO%EUE
MU TI5HEMEHZ ©— 271 #EB Uz, IE TI1dHO-1
EHEOEERZ(LIEH B NED - = (Fig. 4).

LPS LV. € 7 )V T B iKic BT 5 HO-15 [ & A

Relative amount of Biopyrrins, LPS |.P. model
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Fig. 2. Relative amount of urine Biopyrrins(4). LPS LP.
model.

Relative amount of Biopyrrins, LPS 1.V. model
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Fig. 3. Relative amount of urine Biopyrrins(4). LPS LV.
model.

10~125FfIC € — 27 2R LT 1% ISl U 7z, [iFIg©
WWHO-1EHEDAELRZ(bIEHA S NIah - 7z (Fig. 5).

LPSLP €7V CIE, A TOHO-1EH &I 7.5
72 ¥ —7IcHER L7z, Mk COHO-15E M & 3 KM H
W=7 "R UM%, WolzAD Uiz, ZO%BT
BN L C 1085 H %2 ¥©— 2 %Z7x L 7= (Fig. 6).

Heme oxygenase-1 protein, CLP model

Liver SN S == A e =SS — 32 kDa
Spleen T ——— ———— . ——.  — 33 kDa
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Relative amount of HO-1, CLP model
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Fig. 4. Expression of HO-1 protein of liver (4) and
spleen (). CLP model. Western blot analysis using anti-HO-1
anitbody according to the previously published method.
Values were normalized by the amount at 0 h after treatment.

Relative amount of HO-1, LPS |.V. model
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Fig. 5. Expression of HO-1 protein of liver(4) and
spleen (), LPS I.V. model.



T64 % i

DL E & 0 g2 CLPE T )L CldiFE, LPS LPE
FIVTCIEEES X OFEE, =2 R v VImiETE
g TH 2 N FHEINT-.

B2H

§ TUERDEIC BT B IRAVSA A YY) AMEDOZE & Z D
FRIRA 3%

EMETTE

T (20034E6 H ~20044E8 H ), RMEAEREDZMK T
MR ABE & 75 o T2 THERNC DWT, ek AMEIERE D
HEEHEICHEHENTWHZAPACHETI 227 B &
UCHUMER a7 ZHEH L, SECE EEFHICKS L
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A a7 h b SIRS(systemic inflammatory response
syndrome) DZ Wi HENLZHINE X2 I K> TV
%. Z T CHMRIC, SIRSFEWHEUE (RIEICRifEd 214
I, IR, PERER, SRR EIMERE O A S HE) IcHE
oL, JEWZESIRS(+), SIRS(—)EHCKITL, /B
EDAGE, EEER E 2 i L TRY Biopyrrins{f &
DR fRET L 7z
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R

ZVEEIE DB T AR U 72 TURER O APACHE-TT A
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Fig. 6. Expression of HO-1 protein of liver (4) and
spleen (M), LPS L.P. model.

SIRS(+) &f, SIRS(—) #f & R Biopyrrinsfi & (DB
REMRT ZICHiz 0, IE@EEREEZ PO MR
BRIEMN3.0LL 727k Uz 2 kSR o 3JERI T, &=
B L %7 < JR H Biopyrrins fif 13 184.9(86.5~233.1)
CEEERLT WS, THEMDS bhbhnb3
JER 2Bk E LU OMGET 217 7z

SVEREEESS 365172 BRUN 72 68FE I 7 B TR i\ 34451
DR Biopyrrins i, % AN THYE 1.05(0.52~
1.58). ZMEMEE685EHITIX, 4.6 (0.6~106.3). ZD S
5, TV R MY UVIEMNGEHE N2 7THIC DOV T,
46.7 (17.8~106.0) & @ fET&H > 7z (Table 1).

RAENTRIBEN A RE T H - T aEEA L ZSEH,
+ ieEE LR LG 7 & LU R EEE O S MERRERER] T
&R Biopyrrins fEIKEZ /R L, ZF/NGELOKR
WAZEfL, WaEEistn & O ERE DL MEIRAIER] Tl
M7z - 7z @ififiZe 7k U7z (Table 2).

N5 68%EHIZ SIRS(+), SIRS(—)IC2X4LiE
=, SIRS(+) D264E 13 N & JK H Biopyrrins 5
BZRL, ZTO2BAEFICIECERA TS, —T,
Biopyrrins i D iF # EEFIC SIRS (+ ) 5E 35 K OFETH
e HIZO.

FELGIERID S5 B 2REFNIZEEBHITH S I H
MbH 5 FSIRSOZMAREICHEE T, LHLrER
BiopyrrinsfEA &l T - 7z (Table 3).
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Fig. 7. Comparison of APACHE 1I score and the sepsis score
of the survivors and non-survivors of acute abdomen cases.
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Table 1. The urine level of Biopyrrins (U /g ¢ creatinine) in

acute abdomen cases

Acute abdomen (n=68)
{Endotoxemia (n=7)

Healthy volunteer (n=34)

4.6(0.6~106.3)
46.7(17.8~106.0)}
1.05(0.52~1.58)

Table 2. The values of urine Biopyrrins (U /g ¢ creatinine) in
acute abdomen cases

Acute appendicitis (7) 2.9(1.3~5.1)
Inflammatory tumor of ileocecum (1) 8.5
Adnexitis (1) 10.0

Perforated gastroduodenal ulcer  (20) 3.3(0.6~22.7)
(4) 26.1(2.9~106.3)
(8) 31.3(4.8~54.8)
(1)91.0

(13) 4.8 (1.6~9.8)
(4) 11.3(4.9~17.8)
(6) 13.1(1.1~17.6)

(3) 9.8(2.4~12.0)

Perforation of small bowels
Perforation of colon

Massive necrosis of small bowels
Adhesive ileus

Incarcerated inguinal hernia
Strangulation ileus

Injury of liver,pancreas

Table 3. The relation between the level of urine Biopyrrins
(U /g - creatinine) and SIRS criteria

SIRS(+) SIRS(-)
Biopyrrins >2.0 26(4) 19(2)
(n=45)
Biopyrrins =2.0 0(0) 23(0)
(n=23)

( ):non-survivors
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BNZEEZ & > TRIST % (A N LASE). AR A
LR, VBN ANLR, (A NLA, ZLT
TNHDOHABTDESTEHBEA R L AD I HICK D E
NN, &-oLBHEARNT AN LAY I & A
ARLATHY, L)V TEY 3 v 7 HEH (heat
shock protein; HSP) M8 E N 5. 7z, A av ¥
DNDAFLATELIELS BEAENEREINS
(AL AEA). £z, B2 A ML AL UTiENRE
EWHIFE5ND. AN LABEZITT-E EDOIEEEEZED
FAFREFIEI bay R 7R/NADE RERT
HBHM, FRIMERONEZ O 0HIMmER GEERIERSS
a7y —2) R EEEEBRERZ T 5. REEICTHR
U ) A2 i & N7z vEPERE R RS % BRAE KTt DA
. R Biopyrrinsflih LR 38D EEZHNBY.

BRAGEHHE FEICHE, MIKTHINS. LML, Fik
WK BIREEDZFIC K > TGS N5 ldds, 374D
B, AL AOENERRDRE S REENE Z 5N
TNOZMET % EIZNRHREEZZ DN B EET
»%. LM, TR UMEETIV, TR
¥ UIEIER B X R MENFMEERR E T IVIC B B /F
ik, PUEIC B BANLAF T F—+E HO) DFm D
R E LI LU TA ML ADOKE g 2R Uz,

HOW, AMLAREH, 345bb, A g v 7EH
32(HSP32) 7D & O TBRAEKZDHHELTH 5.
HOWENL GRED) IS K> THEENDN, NLDORIZ
BIIL-6EDYA MLy, Bivavy, H30E
ARG I K > TER S NAIEEEZRICK D FE
EHPN 2 ENBRAEKMN T T, [HHEBRICGEEI N
HOEBRAEKZ S THE L, R E N7z BRA antioxidant
& LTHWTRmoEEgEZIEEL, 5L, 0
TERAMNEHE L NN RS E ZICEIEI A N L RIREED
FRIICRATD. TD L&, BREWENEBEEDKISL
T CE LA Y& D Biopyrrins Th % (Fig. 8). 5
[, SPEREE, & SICEMENFEIERIRERIC BV THIE)
INCHRTE X N B s, S 7abb, REMIEREO IZERIR
St IR, PRI 3513 % HO-1 & JRH BiopyrrinsfE O #)
NS FE DWW TERA T2, JRA Biopyrrins{i b5 O KF
ICRREA LT, HHlE, MBI 5 HOEHEEM
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MRS LN, TNHOFEAMNS, AMEEER, 5
ICZEFLIERRE R DRI RIS B % BREEA R DIRTE -
JUEDN RS E NI, iz, GHLMRERDOBEDO AL
AR AR SR, T2 R b U EO BRI T
H o, LPSHEIENR G TIERFIETS K TR R 25
LB ENHLN E 75 T2 (Fig. 9, 10, 11).
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EZO6NB. Lizh>T, TOEEIIRPICHRtEn
% Biopyrrins 7% £ O BRIE(LAE R D 2 5 b KR
BEDFLE NI T X B AlHEMED B % 0.

CNX TRMMIEDHESERFEIC, CRP, APACHE-
OAa7, BIEAI7ZEMEHEN, THIC, &
LTI, SIRSEWIHHMENER I NS X 5 1cix- 7227,
SIRS &, American College of Chest Physicians &
Society of Critical Care Medicine &R A > 7 7 LV
A TRBEI N/ HUETH . SIRSOMEZ TIXRATR
JESIOICIEE 597, RIEIC > TEERSHIERNFE
ELIEEE, ZhoZz (i) Bz a MK
i (BHE), (ii) BEHUCHE S 2E MRS (RIE) I 2739
%. ZLT (i) Zsepsis&EFR LI/, TTICHB
sepsis D E & TIE RO BUMIE & ¥ 75 D FIME 1302
TR

& T, SIRSIEFMENED D 2 W-H5T b 2 WMEHE N 7%
EFTLDHDH. TOUCHERT 5 & THEIEMKFIOZ
MSIRSIKREICH % L HEENS. LHr L, HNERE
BOHEREN, HhAT < EERDERIEENMDS B
ICSIRSFEWHEHUE & B LR\ & OB A DR TRt
HE N7z, SIRSZWEMEZ-X S, Lard, K
Biopyrrins i & il D 2 RESERERI D DI 5 S ET
HTEMHIHLIC L IZT TSRS EETHS. IFHIHE

Oxidative stress
Heme

i Heme oxygenase*

Biliverdin

Biliverdin reductase

Reactive oxygen
species

Biopyrrins

\ 4

Fig. 8. Oxidative stress and bilirubin.

Biopyrrins and HO-1, CLP model

—— Biopyrrins
—=— HO(Liver)
—+— HO(Spleen)

0 10 20 30
Time after treatment (h)

Fig. 9. The relation between Biopyrrins(49) and HO-1 of
liver () and spleen(A). CLP model.

Biopyrrins and HO-1, LPS 1.V. model

—&— Biopyrrins
—=—HO(Liver)
—&— HO(Spleen)

0 10 20 30
Time after treatment (h)

Fig. 10. The relation between Biopyrrins(4) and HO-1 of
liver () and spleen(A). LPS I.V.model.

Biopyrrins and HO-1, LPS I.P. model

25

—B—HO(Liver)
—A— HO(Spleen)
1 —&— Biopyrrins

0 5 10 15 20 25
Time after treatment (h)

Fig. 11. The relation between Biopyrrins(4) and HO-1 of
liver () and spleen(A). LPS I.P. model.
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TR B O ZERIE I IR R B & 1EAS U 72 & BRIIUE
BENDT-ORF N EIEBRNT 5L LT, B
5L, ULAEIME, T2 R MU VMEREDDIE
DN ENS THRE D, Whip 2 MUMiES 3 v 7 |
DA IV —Z=hlc T gL, IR EIEO HEEZE L
MRERE AR EB D 7, SIRSFEZWHAEZNE S 9, L
M, W77 > 72 R Biopyrrins &l 2 < 3 EHID A 5
N VHIFRIEFRIREZEDTHS. BHEDZELL
SOEEGE, sepsis, TV K M+ VIfER EICHKT S
EHURIERKISOHBENTFEEINZICEMIDET,
SIRS#Z Wil e 72 3 72 3K A S N ixin o Tz T
EDOBIF 3R TH S, —MKICSIRSOBFIEEY 1 b
HAVIMIEE ENBD, SIRSOBEDOY A KhiA 2D
i EMETH 5. SIRSIE, Bz rEbiunaeg
RYE, bacteremiaZ £ 3 7% U sepsis, bacteremia % 1
9 sepsis, &XHITZHEMDHEDESKRTH %.
SIRS TIFHLERR U 2 /SERDY A kA1 > DI
ENTVBD, )T THPEROY A k1A U FEEIRIT
HEIRRBICH D EENE. HEFIMAE, BREEGOR
W ELEREEE EE DO SRR BE TUERIEEY A S A A >,
B CICIRIENEY 1 M A ik, Elc—@MEic
FRUHE, FE85LLBICEFICET S, TNF-a,
ILAZEORIGEMEY 1 b A A Nl S iz, Ak
DEEEZIRDTZDICHYTT ZPIRIEEY A A A
> (AIYATETINFRZ A4, IL-1ra, IL-10%) & [A]RFIC i
NS VS ERNAENS. RIEWET A AV
EHRIEMEY A R A Y DINTG Y ADRERIEIKT %
Tz, REOKEEIORHHIC K > TERHINBIERI
BWixd. T UTRIEMNYT A S Ao U MEAIRIRREC 7
MSIRSTH % & &N 3?. BEOEERIERIG, &
ICHMIEYE S 3 v 21> TREFNC BN T, RIE
WA S AL U BRUPRIESEY A A1 > OFRBIC
FEHEABRNALN, LHMrEZo#midEEtL TW»
%. TDI, R[Nz g v 2718 TIIHIRIE
MY A A NS KB IHINEERIEA D iz, —
73T, MAKFREIC KB EY A b AA VIMFEDRRICH
YA A VEIEDNE SIHERZf I BIELES T &
IC K o TSIRSEWIHMEIC BRI IR L Twix
WATREMEDY D B. T DK S IRIERITIE, W FI 7RG
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