Effects of Specific Neutrophil Elastase Inhibitors
in Ischemia-Reperfusion Injury in Rabbit Lung
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B RIEI % 5 A IFHEkT 5 A ¥ — € (polymorphonuclear elastase, PMN-E) I fl#FEE IR MG LTV 2 EEZHNL.
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Abbreviations : CO, cardiac output; dLAP, diastolic left atrial pressure; FIO., fraction of inspiratory oxygen; mPAP,
mean pulmonary arterial pressure; Pa0,, arterial oxygen pressure; PMN-E, polymorphonuclear elastase; PMN-E-I,
polymorphonuclear elastase inhibitor; PVR, pulmonary vascular resistance; Sa0,, oxygen saturation; « AT, «
antitrypsin
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Ny E—F vy A8 (AF 1% b, Wi WA, HELZ.
S CHTERE P M B RIRZEE S TRUEINR, 1
BT M, WE RO LA, B E IV IaREE A£G
TR L, ARCTHBE A LEK LA A O &
W, AEOIMIZ4A0 7B L YR (RFay, W) AV
TH—=4y bEBLE. A~ yF UYL (RHE, B
200 B /kg % BHIRMTE G L g o) b L7z LR E SIE
LB SETHE, 255Gy E—F v A H0ELD
WAL, SeimAa sk CRE L, WERENENE L, &
51295G Ny E—F ¥ A FIELEICHEA, GmE L OBERIC
@, EOEENERE L, MEreRie LCHERYy ¥ 3>
(=4, HE) % 10mg/RFf OWE THRRAMINEL, 25612
RERMERE % M B 72000, Bty smovAaTavd BB
FUYTESL (HE) FEEBRNES L -0
— =y b RERFT AR, SERTT A MO TSI S A
PRBETITV, E 2 OB LS R 15ml/kg IR EE AR
L7.
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1. xfBRHE

FERWENFFTHhTELICEMMO Y —=4 v b &l L, &
i MIZ & BHER % 2 HITo 72 (n=3) (X1).
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i Dy — =4 v P &sElF L, AloFR2EO g
BAgs L7, 2REMO B T HREMMO ¥ — = v P EBRL,
ERio B wE L 2 THIED ¥ — =4 v b &, X
TOMBEE L RAL EMOATIT) LWL 20%kE

Ischemia for 2 hr Reperfusion for 2hr

—
Lt hilium  Clamp Declamp
Rt hilium Clamp

Control group | Perfusion |
Ischemic group | Ischemia | Reperfusion I
PMN-E-| group Ischemia l Reperfusion

PMN-E-I (25 mg/kg/hr)

Fig. 1. Schematic illustration of the experimental groups. In
control group, 2 hr single left lung perfusion was performed
with no ischemia. In the ischemic group, 2 hr single left lung
reperfusion after 2 hr ischemia was performed. In the PMN-E-
I group, drip intravenous injection of polymorphonuclear
elastase inhibitor (PMN-E-I) was performed from beginning
of the experiment followed by ischemia-reperfusion as in the
ischemic group.

B 2 R % C /Nl 0 TRHEE & 47V B REIR 2 2 UG B ORE R T
BEETLE (n=6) (1),

3. PMN-EHZ##% %5 (PMN-E inhibitor administration,
PMN-E-I) #E

LB & A U MR T C BT, EERBLE & (A
I 12 FREHE R 3 C PMN-E O{R5T & Bigs RINEEH TH 5 N-
[2-[4-2,2F AF N TOEF AT F )T 22 VANV T 5 20
732Ny S AOVIEERE (N, KB % 25mg/ke/EE A
HEL 72 (n=6) (X1).
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BRILEE 3 (arterial oxygen pressure, PaQ,), MFEAaH
% (oxygen saturation, Sa0,), F¥MENRE (mean
pulmonary arterial pressure, mPAP), LA LFEE
(diastolic left atrial pressure, dLAP), [fiHiE (cardiac output,
CO), N HRHit, MhaLs &% Wi L, W ke o
HEBE I AT T M WP BT, /5 I P 7 A% 30, 60, 90, 1204, 1§
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Y- & v 25 BRI L 2Bk L C47 o /2. mPAP, dLAPIZ
FRELENRE, AOFEICEE LNy E—F v 282 R
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$EL7-. COR LT RBIMRIZEE L7 Ny 77 —MHtatT101
(7 kxR, WD) #Hille Lz, MEfniaidl -3
— MR ALF2L (7 Foxv R) 2BV CllE L2z s
4 (pulmonary vascular resistance, PVR) FTHLORXLNE
L7,

PVR= (mPAP—dLAP) /CO XK (K, &%)

Wi LT A P W AT O o T A kAR e LCHEH L
AR

V. /REMEEFEEE

BB I AP W 1204012, MR mAE, PMN-EIEETIE
FRENEER R 12050 A & e L, 10 % PR R L~
UL BHEERIZNT T4 A R L, HESRGE L
U WFPERoOBREoREE, — (BL), + (R%E), +
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1. mfTEhke

1. Pa0,

RIS ERRE 0 IS4 B 4% Pa0, (mmHg) OEE ZRE %
Mot BEIEECIL R BIATE PaO, BRI L, 1
R B AE IS LS T~ T R 2 60 53 DA ) PO, 13 A BT
o7 (p<001) (1), FoaREE%E B L CRIMEE T
LR THEI PaO &2 - 72 (p<0.01) (K2). PMN-E]
2T 3 TRV BIAE 12 PaO, | 3R BREYIZA L, TEHE R B i
|2 e~ T E 2 90 3 PAIE ) Pa0, 137 B 1T &40 5 72 (p< 0.05)
(%1). PMN-EIBE L BmEE% 5 &, HiERAKROER
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Fig. 2. Changes in PaO; of control group, ischemic group and
PMN-E-I group. Each point indicates as X =+ SD. O, control
group; @, ischemic group; (], PMN-E-I group. * P<0.05 vs
ischemic group, ** P<0.01 vs control group, by repeated
measure ANOVA.
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Fig.3. Changes in Sa0, of control group, ischemic group and
PMN-E-I group. Each point indicates X = SD. O, control
group; @, ischemic group; (], PMN-E-I group.
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Fig.4. Changes in mPAP of control group, ischemic group and
PMN-E-I group. Each point indicates as X &= SD. O, control
group; @, ischemic group; (J, PMN-E-I group. * P<0.05 vs
control group, by repeated measure ANOVA.
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Fig. 5. Changes in CO of control group, ischemic group and
PMN-E- group. Each point indicates as X + SD. O, control
group; @, ischemic group; [, PMN-E-I group. *, P<0.05 vs
ischemic group, ** P<0.01 vs control group, by repeated
measure ANOVA.
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Fig. 6. Changes in PVR rate of control group, ischemic group
and PMN-E-I group. Each point indicates X #+ SD. O, control
group; @, ischemic group; [], PMN-E-I group. *, P<0.01 vs
control group, ** P<0.01 vs ischemic group, by repeated
measure ANOVA.
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Fig. 7. Changes in tissue blood perfusion of control group,
ischemic group and PMN-E-I group. Each point indicates as
x &= SD. O, control group; @, ischemic group; [], PMN-E-I
group. *, P<0.05 vs ischemic group, ** P<0.01 vs control
group, by repeated measture ANOVA.
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BT PMN-ETEIIEIMEE L b 4 A BEIZPaO, B -7z (p<
0.05) (02).

2. Sa0,

wHHEEE, M, PMN-EI#EE & RBEGICHE % Sa0, (%)
ODEBHE RS oz, FL2RB0LE, SHMEOLET
LEBRBICHEERERD o7z (F1, M3).

3. mPAP

IHBE CIIREM A E % mPAP (mmHg) OB 2R &%k
Mot BN TIIHERBAZmPAPIZ FA L, HBRRS
BIMEIC R THEERZ 12000 mPAP X FEIZE o7 (p<
0.01) (1), &RB* L TEMMIHBIEL K THE
IZmPAPIZE o 72 (p<0.05) (X4). PMN-E1BET b Bt
BlG % mPAP ILRRIEMZ EH T 2R E R L R I

Table 1. Comparison of pulmonary function

27

BEELo7 (R1). PMNEIF L ENBEL RS &, BiE
B GRT O %8 Tt PMN-ET BT BRI X ) mPAP I3\ g
[MARRDIH, HEZEE o7z (H4).

4. CO

AEEBE TR ICHE 2 CO (ml/%) OBEBE TSk
o7z RIIEECIZFERMAECOMA L, B
2 AT EHETTS 60 LD CO A E A > 72 (p<0.01)
(£1). 2RBEIE L CRLEIREL L THEIZCO
& -7z (p<0.01) (E5). PMN-E-18:T b BB iG#E
CO RIS L, B FIER I e~ THER%Z 604
DD COREEIEDP 272 (p<0.01) (1), PMN-EI# &
BUMBEE L5 &, BERRAGBROSEETIIPMN-EIR IS
MEEL YN SEFEIZCORED -7z (p<0.05) (15).

PaO, Sa0,

mPAP

co Tissue blood

Group (mmHg) (%) (mmHg) (ml/min) PVR rate (mlf/er:,‘fil:sll%%g)
Control
Pre 65212 99.9%0 13+2.6 463158 1.0£0 988
30 63510 99.9+0 13205 450+62 1.0+0 97+6
60 647123 99.9+0 13+0.5 468+67 1.0+0 97+11
90 645134 99.9+0 13+1.2 450+ 65 1.0£0 93+11
120 643136 99.840.1 12+1.2 43349 1.0+0 907
Ischemia
Pre 58872 99.9+0.1 14£2.0 424144 1.1+0.2 89+3
30 485+78 99.9%0.1 15+0.8 328462 1.7+£04 81+6
60 332 96%* 99.910.1 1717 243+ 63** 2.6£0.8 75+4
90 264 4= 52%%* 99.9+0.1 19£2.9 181 64k 3.9£0.9%%  73+6*
120 159 = 26%* 99.8%0.1 21%4.1%* 147 £ 57%* 5.8 1.5%*% 68+ 5%*
PMN-E-1
Pre 60224 99.91£0.1 14£0.8 417+38 1.1x0.1 93+3
30 53949 99.9+0.1 15£1.2 343+51 1.5+0.2 92+5
60 437112 99.940.1 16t£1.7 294 14 [ §** 1.94+0.2 84%5
90 384 127* 99.9+£0.1 18+3.3 258 £26%* 2.3+£04%*% B0 7*
120 331 117*%*  99.840.1 18+t4.4 240 = 24%* 2.7+0.8%% 76 T7H*

Control, only interception of right hilum was done; ischemia, 2 hr single left lung reperfusion was done after
2 hr ischemia and no treatment was done; PMN-E-I, drip injection of polymorphonuclear elastase inhibitor
(PMN-E-I) was done from beginning of the experiment.
Pre, before interception of right hilum; 30, 30 min after interception of right hilum; 60, 60 min after
interception of right hilum; 90, 90 min after interception of right hilum; 120, 120 min after interception of

right hilum.

Data are shown as X £SD. *P<0.05; **P<0.01 vs data of pre clamp by Scheffe's F method after one-factor

ANOVA.

Tabel 2. Histopathological findings of the lung

No. of Neutorophilic infiltration Intraalveolar change
Group N "0
rabbits used Interstitium Alveoli Edema Hemorrhage
Control 3 - - - -
Ischemia 6 + + + +
PMN-E-I 6 +H- +H -+ +

Control, only interception of right hilum was done; ischemia, 2 hr single left lung reperfusion was done after 2
hr ischemia and no treatment was done; PMN-E-I, drip injection of polymorphonuclear elastase inhibitor
(PMN-E-I) was done from beginning of the experiment.

—, nothing; +; moderate; H-, severe.
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Fig. 8. Histological findings of the rabbit lung stained with
hematoxylin and eosin. (A) Control group, after 2 hr
interception of right hilum, shows no significant change with
no evidence of neutrophilic infiltration or hemorrhage. (B)
Ischemic group, after 2 hr reperfusion with no treatment. The
interstitium and intraalveolar septa diffusely infiltrated by
neutrophils and severe edema and hemorrhage are seen in the
alveoli. (C) PMN-E- group, after 2 hr reperfusion with drip
intravenous injection of polymorphonuclear elastase inhibitor
(PMN-E-I), Neutrophils were moderately scattered into the
interstitium and the alveoli and mild edema fluid and
hemorrhage are present in the alveoli. Scale bar indicates 50
M.

i

HEIZED>»-72 (p<0.01) (R1). FAoR8E2ILELTE
TR B & T B I E®m e o 72 (p< 0.01)
(146). PMN-E-LHET & FFHE 51T B 26 F5 M0t 000 HOHT L 3R IRE 1 12
BE L, PR BRI BT L H T ST AR 90 43 LU 00 i 1 3
}R%}Llu;tﬁ FloEh o7z (p<0.01) (£1). PMN-EI# & dm
BEx b5 Lk, FEERMGRO LSS T3 PMN-ELRE L 8
B/ 3—”1‘1 I MBI IR - 72 (p<0.01) (96).
It LR 1
o HEIRE TR IR 09 L2 A 2 7 AL M & (ml/ % /100g) @
AR N M A - 11 A Qe 2% 8 oo T T Nl N 2 7
1 90 53+ LA 00 il LA L9 584 A 25 12 6 o 72 (p < 0.05)
(£1). SRME L CRMBEIE A I & I ~Cf B
FEIm A o 72 (p<0.01), (7). PMN-E-I#:C b #iE
1L R s T T LA I B O AR A L2 L £ A AT L2 b
AT BT 90 23 LK O Bl /LR INL 3 B 3 B A o 7 (p<
0.05) (3%1). PMN-EI¥ & BBz b5 L, Wiz
DAFEETIE PMN-ELREE R AL & 0 & 47 =0 BRI 050 43
Btz (p<0.05) (7).
I. #E#FrrrR
EREO R BALMIT W2 R 2 1R, T A
12070 Wi L 72 e in LR O 37, IR E
MO EFED SN h o7z (U8A). Ml CH
1203 VARG L 72 BV T R B i s & O IR P L2 S W 7 e v K
DU E AR L HIHANANORMERDB H A4 &4, HlikIE
3B ETH -7z (M8B). PMN-E-IH: CRHEH 2 120 51245
L 7B il i aE 3 L OB A~ O IFthER R & Ch
o720 F72, BRAANORMEROEHIZER TR0 s B 72
T, BRARNE S BB XD L BRIECH -7 (M8C).

& =

[ AT SE WG B O IR I B » 723, ALk MINa, (U
AR SR, &5 SRR L SEMCEERARN S NDb L Z E
(R ) B4 11 1 R A 4 4 R (TN A
bW A EMEFERES. ChD, LML, B, DUREEIK
BIZED & 9 72 s #5 0 B MM E & ARSI RN v T b RN
PR EOH KA L L CEELMETH 5.

i ML HER R E DI & LT, Tate 5H* 7§>m|’l A (/)IBLI j
Wt LCLge, % < Olds TR (/u,l B LA RO &
P SN T E L EMEREE éi«h‘it LT iLrJ‘\ﬁFﬁ“‘/
F V—# T R K (hypoxanthin—xanthin oxidase) S5/®

Hr@Easntsh ", HBRIEATHLA—-=FF T F
ALY —+ (superoxide dismutase) % ¥ T — ¥ LD
HANEMMRBFEOMURIHIH CTHo 2T AL HET . £
e T Y BILBROMERN TH LT T - LD
Wbz & ) MR EES Gl SN b MELH Y, b
SRR R MR EEOBNTH D &) Jir ST 5
bo ez, LaL, Bishop b A% 40 F U LiEHED
BE A R AT S 2 I CE ot WG LT
L9z, MBLEEREE L HMCeFFF o Fo-54
FUBLEEROME THET S 2 L3 L.

VAR, EHMEOEARE LTeRFY L Fu-FF T
WALBERZT TR, HFPIERNADPHA F L 57— &
(reduced form of nicotinamide-adenine dinucleotide phosphate
oxidase) R ¥ L7 I X FUEBRY bEH S, HHEBREE
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G SN D L)k o7z, PR ERASE B A & R T A8
ORI BEERLC 70 B &M B s — R, AR ERIC R B & T
KRS BT 5, —RPRIZ Iz uRTFY ¥, T
FerFos—¥, 7ar7—¥, 235 F—ERETHY,
KWMRE ) VT =4, BRI S—E, S b7 L
FCTHL, TUTT—EORT, T IF T —EZ1d PMN-
E, #577Y G, 395 F—EhEhHY), INh5IIHER
L LT ERD S Bl S AR R 2 BT 5, & 52Tl

o TUFHERDST 7 % 8 o ERACH e 4 <0 /N B3 1 {1 I T
(platelet activating factor) ®iEd, 4 ¥ -1 {4 F -1
(interleukin-1) *, 4 > #—1 4 % .8 (interleukin-8) *", Jif
g A7 (tumor necrosis factor) ™ 2 DA Mo M L%
KEICHEAETA I LR LAICHLMZENTEY, 1 9—0
A4 % -8 N AR R BT A AT ERE I~ 0 B 3
Sekido 5 * A HiE L TV 5.

ko 27 a s 7 —Eo Ty, 1968 4% Janoff
SIS o TREW] & L7z b Tl )y 7% ﬁJﬁmm+T%%
PMN-E B EICROMGT2YWEDVLOTHDLEER
%ﬂf“é.PMNEinﬁ%%O@iU/7UT7hﬁ@l
DTHY, IR E b - 7fFE LTI AF >, JETHE
Wag—5r, grarts)a s, “%Wmﬁ‘8%<@
EHEORT T FIEREDRSIR L, SIE 120 LT
WL S & ﬁwwwwmttOTWwfﬁﬁa'J%*t
‘9L LA L, PMN-EGSEIF AL, MmgtaEA, &EE

Wik, REPrs AFy, TuFrF ) Ay, Kkas -

*5®%<®?H%%%’ P L IEE ML GET A,
'9Lf HH, PMN-EIZ XA AR B A0 7 C il s # ke

KHEH-LTwa JTL BUWTPMN-E &, WEWCTH 5
umﬁwﬁelvx+/WT_WML:ﬂ%ﬁm4a

D& B e AR O LT L, i, i, R
PUSIEPMN-EE 2 BT 2mM A 1 v e €8 — 25K l2ff
fEL ,HlWVuﬁWHAWﬁTH‘tM7.PMNEUNHMny
vy —-r LT a7 »F bV T » (a antitrypsin,
arAT), a,~¥701 207> (u«,rmacrogloblin) X U4
v —-a-b) T 4 Y — (inter « -trypsin inhibitor)
DIMDME 7T T - - £y — L Mix ORI - R

AR AW ek 7e 57 —¥ - 1 o ey —
(secretory leucocyte protease inhibitor) Z & 2%HIS T4,
=®Wf%alﬁﬂﬁwﬁﬁ A b g <, PMN-E BILE )

b &IPMﬁf;pléntPMNEamo%ua.ATu;
ST EHE IR L®, ZhEFTHEZAPMN-EEA &
LTIEMNMMEA > ey —CH D o AT LHHZERIEIE) éiu‘_
3 @li&f)") 7z

ZITERIGPERT S Ay — B ORI HEEN 2 4 ¢
nﬁlwﬁ%ﬁ ﬂf%éN&M@Z/x%w7DLﬂ_w
FEINT2ZNALT F 2 NT 3 )Ry 4 VSRR
U, WS e S 2 AR R ET L7, STt
CoHuN,NaO,SNa - 4H,0, 75+F8 52851 DUFHERT T A ¥ —
YRS FEMEENTH B, EERICEET B EEY I
NPFREDHD TIE ﬁ%@i&a’;ofMRXEmé
NFIZE FOPMN-E £ SAMICHEL, 4 X, wHF, Na

A¥y—, ¥ A, Ty FOPMNEbLMETA. S50 S
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Abstract

Ischemia-reperfusion injury remains a significant problem in lung transplantation. Superoxides and neutrophils are
considered as the major etiologic factors in ischemia-reperfusion injury. Polymorphonuclear elastase (PMN-E) derived from
neutrophils, especially, plays a major role in ischemia-reperfusion injury. To determine the effects of a specific neutrophil
elastase inhibitor in ischemia-reperfusion lung injury, 15 rabbits were divided into 3 groups: 2 hr single left lung perfusion
(Control group, n=3), 2 hr single left lung reperfusion followed by 2 hr ischemia (Ischemic group, n=6), and drip intravenous
injection of a specific neutrophil elastase inhibitor started from the beginning of the experiment, followed by ischemia-
reperfusion as in the ischemic group (PMN-E-I group, n=6). The ischemic group showed significantly lower arterial oxygen
pressure (Pa0,), cardiac output (CO) and tissue blood perfusion, and significantly higher mean pulmonary arterial pressure
(mPAP) and pulmonary vascular resistance rate (PVR rate) after reperfusion, compared with those in the control group.
Histopathological features of the ischemic group revealed diffuse infiltration of neutrophils in the interstitium and the
intraalveolar septa, severe pulmonary edema and hemorrhage in the alveoli. In the PMN-E-I group, PaO,, CO and tissue
blood perfusion were significantly higher and PVR rate was significantly lower after reperfusion than those in the ischemic
group. Histopathological features of the PMN-E-I group revealed large decreases in neutrophil infiltration, pulmonary edema
and intraalveolar hemorrhage compared to those of the ischemic group. These results suggest that treatment with a specific
neutrophil elastase inhibitor improves lung function in the rabbit lung ischemia-reperfusion model.



