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W A PR e S8 0 G 8 3R 14 Bl I 45 AR (hypoxic
pulmonary vasoconstriction : HPV) % 4 % 25,
ZOMEKFEEHS TR, 40, 41V 7VT
v ® HPV Ko O HIHI#F 1C — 8L aE % (nitric
oxide :NO) A0z uxFv 5 +—LAH
EM DG T %P E LR BETM 2 A CRE L
7o, BRI PSS W % Eit= CH#EmR L, WA
MERE*21 %H 55 5B 3%z L
XOMBIRE EAMES HPV S O5R & DIFIE &
KB © MALERE, NO GHERMEE
#| ¢ & % NG-monomethyl L-arginine (L-NMMA)
30uM % BERBAHICHEKG LE, Ay Fxy v
10mg-kg 12 &G K5 %S 51220p«M % BT H
WG Ly rsarF sy —ERERIIH,
rhEhA vV IVT YIERAT, 0.5,1,2MAC
WATOHPYV UL s8I L. 1V 7V V3
W ATF®HPV K% Rvax & L, HFiBEBRAT
@ HPV & (% Rwmax) & A4V 7V 5 »igfE
(MAC) o F & — R M # % FERR I e/ — 5
HETRDI, AV TNT id BB S AR
12 HPV BUG 2406 L7z, LA L, EDsold #EALE
BET0.65+0.12 MAC, NO AiBEHZHERM T
0.70£0.09 MAC, Y7 u# *3 47+ — ¥HER
T0.96+0.11 (meantSE) MAC T, HH#i O &
slope 13 AL {E R T1.30+£0.13, NO & i FE
EFTL.3540.16, Yz utF T rF—PHER
T1.88+0.17 (mean*SE) Th o7:. ¥ 7 u#
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W A JRK B 38 13 G Bl 3% M I A5 UHE (hypoxic
pulmonary vasoconstriction : HPV) % il L, 1K
BEFMAEREDOER & %2512, ZOMFHIHEFE I
DWTIE, [A#E O BEMERAN OV % MmEFE
H~NOEEERZELCORTPIREG LTw5 &
ZAbNTWD, BLICh - T, MENKEMRE
Mg & MEFEH OB LRETIER R, ME
IR O 7012 — 81L& F (nitric oxide : NO),
YoruxF v rr-ER#HEYWTH D PGz &
ORFEKR TR, af a3 by, TV LY,
R TrurFrr—EYR#EHNTHL b
YRFY Y A EOWHER T 2 EA - ST A
CEFHLPII RS CTEL —TF, HPV RIE®D
FEAN 22 B 1 R EAH T H B A, MEMNREMIKET
EEISNANODLWVIFYZ7utFI 5 —ER
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53, Ad, bhbhW R BEFRE BV, 1V
7V7 @ HPV #{IFIHEFEIZNO H B\ iz 70
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WP F18% (HAB®E) &~ b E
7 — )20 mg- kg VE#HE, 7% I 235 mgkg 1FHTET
FREE L, /%) 2450 TU - kg VR VE CHUEERE L 7.
GEE 1%) FhA > TRETFEL, S50 %
Toleob, AEHHAANTHREZE (Model 681,
Harvard Apparatus) (12X 0, IEOR[E$540[8] - min~L,
— A5 E10 ml *kg~!, PEEP 2 cm H20 D&M T
BHNERTHRA L. WEEEE1%) KA1~
TRFFHEEL, BEYREETY, MiEE LEE R
Wi AERHEEEURL, M. WE
WCHFRR L - BRI E L 72, Y FR o 3% i
D—ym % FYIBER L D MENIR £ THA L, WHEIIR,
KEIR & —36 L CREZR LIBEE L7z, fho—iidE
FT Y 2F 2% — (Gould/ =%) 2k L 7.
EZEOLRMEYAL, BIME*ZEE T THAL,
DRI THEIELEE L. MEE > 7 (Model
1215, Harvard Apparatus) % B\, 1V #F—/N—
W27z L7z 3 % 7 )V 7 3 ¥l physiological salt
solution (PSS) * EME» SR L. 3% 7
V72 20 PSS @ #AEK 1, NaCl 119 mM, KCl
4.7 mM, MgSO4 1.17 mM, NaHCO3 22.61 mM,
KH2PO41.18 mM, CaCl2 3.2 mM @ PSS 100 m {2
FHLTT7 Fo#I0mg, 12 >»20mU, 8%
NaHCO3 1 ml, FMiE7T VT I3 gxNard
DTHAH. BINEH S OHHEAEHIC S o 720
EHT, VY= N—ICHFIM20 ol % il 2 T30 ml
kg l-min! D@ EBHER AN ICBIT L. #
WHE 3% 7 VT I PSS L HRIMWEDRE
W (V/v=512) GET0Om e 257, EREE
i3 0 mmHg 12 #EFF L 7z, R = 13 T W Al
(MF-1200, HANE) CHefmyIcflle L. i
2EOF EMENICES, BENY ERLEKT
WL, ¥9 v 7y 7TTHEY, BERIRKICKLD WEE
NBE%BEZF38CICfo7. UF—N—0D4}

J % dm K CHENE L, BV ORI % 38 TIlifRko 7.

HMLIE B DR & AW SEwILA 7 1 vy —
(Paul) ThRELZ. EEOLNLEOHEL,
B RE (PAP), ZERBHE, [EHNEZE T >

A7 2 —H— (Gould/=%) THeehyIZHE L 7-.

WABRFERES® T X7 F 714 %F— (Multicap,
Datex) THHOYICHIE L7z, FEARIERE O
&% Normoxic gas (21 % 02, 5 % CO2, balance

N2) TAT\vy, HPV e 354 2 % Hypoxic gas

(3% 02, 5% CO2, balance N2) 2] ¥z %
ZrIZkhiEZ L, 20k E0 PAP O LA (A
P) # HPV IO & OIFIE & L /2. FIEE
T hypoxic gas 512X D 545 LLNIZ PAP ik
KEETERL, 79 b —10ETH L 2MRL
7z,

FREYMUWENF (KE2.1£0.1kg, n=6),
NO A % B % [H % %] © NG-monomethyl L-arginine
(L-NMMA) BiALiEHRE (KE2.2+£0.1kg, n=6),
voutrFrF—EREMDOAL L KR DUH
LER: (AE2.240.1kg, n=6) X5 F 7. L-
NMMA #f T IRAERERE&IZ) H— N =PI L-
NMMA 30 uM % %5 5- L7z, £ ¥ FA % T VBT
WERREEEEIZ A Y A7 2 2 10mg kg 12 BRI L,
S HICFHAI20 oM A EARERBERZIC) F— -]
WG L, AV AU HETRA Y EAT Y
v EREEAT & A ZE B ICERIM L, Prostaglandin
I2(PGI2) & Thromboxane A2(TXA2) D BDED
DLEEMRBIEY TdH 5 6 keto-Prostaglandin F1 «
(6 keto-PGF1a) & Thromboxane B2 (TXB2) @
MAEEE %%/ L7, 6keto-PGF1a 1 RIA PEG
i (5[6.keto- 7B A% 75 VY FiaF v b,
NEN), TXBz (& RIA PEG # (b o ¥ K F 4>
B2- 181 % » b, k%) THlE L.

IWICBWT, UTOFIECEREED -, E
RIE#305 1%, PAP DEEXHRAL, £F, 4
V7T YIEW AT CTHixTIE O HPV Kt % 2 [
BIER L7z, RICNERET, AV 7V BDOBED
0.5, 1, 2MACW AT T® HPV Ip % #1E L /-,
FERDA Y 7)VF D 1MAC 132.05 % & L 79,
Av7NVs rizERSET I~ 18 MK I #*
FAWTHASICRE L, MEET 2ZE=4% — (type
1304, Briel & Kiaer) THFfEfy (2 MR B % il
EL72. BREDOA Y 7V T v BE IR AR %
AL &2 TH 5105 LN 5 12E T 5 0T,
BieEED 4 V7 VT ~iF hypoxic gas ¥R IZYI D
Bz BISORATL DA & B2, RBIZHT, 1V
TN 7 IEWAT THIFIEO HPV Ke % 2 [6l#]
27,

BB, WESEBRICGERBRONT 2 v b
Normoxic gas M U° Hypoxic gas #t & # @ pH,
PCOz, POz % M # X 7+ 5 4 #— (BA-7, %
) XDl L, EERETRICHEEZER %
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E L, Lung (wet-dry)/dry weight # & H L 7.
HEME LT N TP LR ETR L. #H
DB X 2 TTECE 57 #L T & % i3 Friedman
MEIC L D #E L, $EILEICIE Scheffe F-test
& A i3 nonparametric-test % vy 7z, BERE O X
9 B fE D H# i unpaired t-test 12X ) BRE L 7.
¥ 72, 6keto-PGF1« & TXBz D IMLAEIRE DZLIZ
paired t-test (X DRE L 72. P<0.05% b o C

HELHELE.
= L

FHEM, ROEBEN O RO EFRIE O 7
AGHEANT b2 9 MCEBEZEE R 272DT,
DT Z0FHELZRT. ERBEO T R5HIE
normoxic perfusate: pH 7.370+0.009, PCO232.8

A
pg/ml
1000
[
3 100-
& ] [ *
4
R
£
é 10-:I
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pre post

+ 1.0 mmHg, POz 149.1 £ 1.7 mmHg, hypoxic
perfusate : pH 7.382 = 0.008, PCO2 33.9+ 0.4
mmHg, PO227.1+0.5 mmHg T » 72. ¥R
DANT M7 v MiE8.9+0.2% TH > 7-. Lung
(wet-dry) /dry weight &, #EALERE T4.04+0.27,
L-NMMA #T4.3340.18, 1 ¥ Fx ¥ ¥ VBT
4.54£0.06T, HMICAEE T O L o7,

4 FA% Y y¥512X5 6 keto-PGF1 o
13420.0+110.0%4562.2+13.8 (pg/ml), TXB:
R 13 3551.7 £2288.7% 584.2410.3 (pg/mé)
WWAHBEICETLA (K1),

F1IWCRT XD, L-NMMA # ® Baseline
PAPEA V7 NVT YIRATRPFEGERICE W T
MALER B L CAEBEICKE 2 572, L-LNMMA
B D baseline PAP 13 44t BB AR 4 HE 12 Heiz L <

pg/ml

10000

10004

pre post

Fig. 1 Effect of indomethacin on cyclooxygenase products. (A) Effect of indomethacin on production
of 6-keto prostaglandin F1,, the stable metabolite of prostacyclin (PGIz).(B) Effect of indometha-
cin on production of thromboxane Bz, the stable metabolite of thromboxane Az (TXAz). Both 6-

keto-prostaglandin F1, and thromboxane B2 concentrations in plasma significantly decreased af-
ter 10mg-kg™' of indomethacin administered intravenously. Data was expressed as mean * SE (n
=6). *P<0.05 compared with pre-administranion.
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Table 1 Effect of isoflurane on Baseline PAP and HPV

i Post theti
Group Parameter Premesthetle . ¢ yiae 1 MAC aMAC  ostanesthetic
Control Control
Baseline PAP (mmHg) 11.340.6  11.3+0.4 11.240.7 11.5+0.8  12.3%0.7
Isoflurane
alone Ap(mmHg) 10.4+1.7 5.540.9% 3.7+0.8* 1.8+0.5* 10.4+1.4
Baseline PAP (mmHg) 12.540.5  13.5+0.7% 13.8+0.6% 14.0+£0.8% 14.9+0.7%#
Isoflurane
+
L-NMMA Ap{mmHg) 11.5+1.1 8.541.0  6.2+0.6%% 2.240.3* 16.7+1.5%
Baseline PAP (mmHg) 14.440.4% 14.040.5% 14.140.8% 14.340.5% 15.840.9%
Isoflurane
: .
Indomethacin 1o 7.540.9  6.6+£1.2  4.240.7 1.84+0.2% 10.0%+1.9

Values are mean+SE (n=6).

AP=increase in pulmonary artery pressure with hypoxic ventilation. *Significant difference (p<0.05) compared with preanesthetic

control phase within the group by analysis of variance or Friedman test. # Significant difference (p<0.05) compared with isoflurane

alone group in the same phase by unpaired t test.

EEIZKXD o7, 4 v KX %3 »BD Baseline
PAP BEBHICB VW TELER KL AR
WCKEDo7. F7, AIMBEREOAPIZOWTIE
LNMMABEH B0 A v FA2 7 vy HIZELE
B LTHBEER 2 h o 7225, HBITEEEO AP
ZHEALE R CHE L C LNMMA #XEEICKE
o7, LNMMA BRI A ¥ KX %2 Y HOH
HHEBBOAP ICIAEEE I R dh 72085 #
WHTKEL ZAEMMND /2. IFHEHITAY
TN T IZEERIEEC AP R REE & E.
HixtHE & BB AP O FHfE % Rvax & L,

AV 7NVT Y RABEDAP (% Ruax) &4 V7
VI vikE (MAC) MoRHE—RibM#iz R0
I R=Rmax-CS- (Q14+CS) Uz &k n M/

FE (Gauss-Newton's method) % f#i - TR 725,

EDso i 4 QL& B T 0.65 £ 0.12, L-NMMA # T
0.70+£0.09, 4 ¥ F2x % »#7T0.96+0.11
(MAC) T, /1Y FA %Y v EBEEELERICIL
HLTRRKRKEH» o7 (p=0.08). slope i AL
B#T1.30£0.13, L-NMMA ##<1.35%0.16,
Ay FX% S BTL.8+0.17T, 1Y Fx% Y
CEBEEMEBRICHELTEEBICREL, 41V F
XY yBETAVTNT D HPV FIHIVER O
ggEEn (M2).

£ 5
W A FE W38 13 HPV e % B0 5 %12, Mar-

with indomethacin

50
isoflurane alone

HPYV response (% Rmax)

with L-NMMA

L)
0 0.5 1 1.5 2
Isoflurane concentration (MAC)

Fig. 2 Dose-response relationship for hypoxic pul-
monary vasoconstriction (HPV) inhibition by
isoflurane alone, isoflurane with L-NMMA pre-
treatment and isoflurane with indomethacin pre-
treatment. The HPV response was expressed as
a percentage of the pressor response in the abs-
ence of isoflurane, and the dose-response re-
lationships were evaluated with the following
equation® : R = Rmax-CS+ (Q! + CS) !, using a
nonlinear regression based on a least square
method. Values (mean * SE) for EDso were
0.65+0.12,0.70£0.09, 0.96£0.11 MAC and
the slopes were 1.30£0.13, 1.35+0.16, 1.88
+0.17 for isoflurane alone, isoflurane with L-
NMMA pretreatment, isoflurane with in-
domethacin pretreatment, respectively. There
was a statistical difference of slopes between
isoflurane alone and isoflurane with indometha-
cin pretreatment.
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shall 5139 v MEGMICBVT, v sy, 4
VINT y, Tr7VsryidFEBEONMT
HPV G % #IH4 5 0 <, ZoIHER 3k A
TR B35 D I ST A WSS A EAR AR VA 12 K
HEEZLTWAY, —J, HPV Kk O FHA % b
FIEAHTH 245, MENEMECELE SIS >
ruatr*rr—EHBMEDDHVIENOZED
BHRTCTHSHZ LEHLNTHSY. SE O
ROWER, 4V 7NVT O HPV HHIEFEICY 27
ot &5+ —ERHEYOREGITRE S i,

LNMMA 5 Wid A ¥ FX ¥ ¥ HiALE 2 X
0 Baseline PAP 2" L H LD ix K4, NO &
PGlz DIEBETWMDWL DIzdb L #E 2 bz, 7z,
L-NMMA ¥ O 3 B8 0 HPV e A% e AL E B 12t
BMLTKED -0, KERHBCIIEZS
NO ittt 2% L-NMMA L 12 X Dl S iz 720
LEZONS F, RV IUFFITF—
YRHEHR L HPV Kb &2 il ¢ 52, 1 v F
x5 OO HPV KM HELETE O Z 1
B LT LANS WH[ICH o 7201F, 1~
FX 42X h) TXA2 DFER 25 PGLz (S B L
TEXVEMICHflshdELON. V7
O+ ¥ 27+ — A EY O MR O FERIE A
51, 4 ¥ KA ¥ LD TXA2 BEEEIFI O F 1T
PG D Zh KL TCEHTH 4. T 74, L
NMMA B, 4 ¥ Fx % ¥y rHEicBWTERBZES
&L BT HPV RICDOMEOHE A S » 7225, %
NoOERK TRHROMBEZESHIEREHETH D,
Jiti K D FE 3 5 T & 7z,

SEDOERIZBEVT, NOEKEBEEMETTY
EDso, F&— UG HHAR O & slope (3 HEALERE &
DEICHEEE 2 572, Zhix, Marshall 5
ATy MERRT, AFL Y 7L —FIREIZLD
MEFEHDO L N T NO DVEH % HE L - EE
RTEEERE—FLTWAY, $/, KBk
DHEBRADINE ) > 7Tk, nay rHEopnn
ALK E T LA, TRFva ) LRI X
A NOELFIHT A0, 5T, £V T71VTF
O HPV Mll#EFE 12 NO BB G LAaweEEZ S
DHEEBTHS ).

Ny ALRBEOMEBENE IZ B AT 1 34
A4 FEENOEEBIZEL TEL 0#ENDH 5 D5,
LTIl ~xsZE L, REMMFOTERO—H %
ATHVONFBIRTH AH. KD in vivo DIERT

FBIIRIE — mEMRETICKD, ~"o v »1.2%
BRI 2 IR S & 555, ZOMEEA > FA ¥
PUMETHE LAWY, LaL, J v M
HEVrrcik, REEo Ny, fVT7VT 0,
L7V T Y IERRENR 2 IR S ¥, 2o
BA Y P25 Y LB CHEgT 512, F 72, 4
it B IR M. 2 PR RE B Ml © ik, v\e g v i PGLe
DR EARAE LY, FRERM I 28 ik
t-7F b FoF s N—F 94 FHl#EoD
TXA2 R 22+ 514, Lo L, FKRERME
AEEZEMBTE Oy Y EL VTV T Vi
PGlz O AW IS 8§, ooy v i
7774 F = CHIBO PGL2 i & B A1),
F7, 7y PRBROMEY ¥ 7 Tid, Nay
EAVTINT YT 22V T7 ) TR S E
M¥&E LV, TXA2 % PGF2. THIIME & & 7211 %
L DEMICHIES® A, ZhiE, WARKEEAH
Ja B @ prostanoid L+ 7% (2xf L #IRM 2 EH
Lo e EZ LN T WA, I A RRERSEE I
BAETOIZA a4 FEEIZMS»h0HEY
52BEEZEZTEIVWEITHD., BRO—HEA
TWERE TS LR ORE OE Y, O
E W, ME O OEY, EBRETIVOE:,
O ME NG - WwERFTHANORZ Y FiY »
RO 3 VT OERER~NOREENIEZ LR
5.
SOORBERMOERTIE, 1 Fx¥ ¥
L@ ICL 0 4 v 70T >0 HPV #IEIVER O R’
§ros. FUERMOERICBVWT, Jv b
TiEA 7707 2 VREIMLEIZCX DD, XTI
YFAZ T UHIREICX DS N g o HPV
PIHIVER 5859 5. L2 L, Ishibe 513 F Bl
BT, 417787z VHIALEICTD &K
7 N7 v HPV IIHEREEIL L 22 o 72 L
HLTWwBRY, ZOEBREROA—FE, TAKK
MEDENDPHH VI, YrarF o rF—¥Hl
EFERoOEHL G 8, ~N) Y oS58, iR
ANOIMAEDBADTEEICL D, HREATTHS
PGl & iR T TH A TXA2 Ixf§ 5 > 7 o %
F 7 —EHEROME DN T ¥ 2B HE
THENLTIEHAVWALEEZ OGN, 72, Naeije
513 KD in vivo DFEAR THIENIRE — i = MR
ITIZE D, 4V 75> 1MAC Tit HPV 2#)
fland, SHIET7AEY VEILEICLDA VT
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Contribution of NO and/or Cyclooxygenase Products to Isoflurane-induced HPV Inhibition

Yoshiaki Oshima*, Yuichi Ishibe*, Naoto Okazaki*,
Kozo Hidaka™, Seiji Sakamoto™* and Toru Sato*

*Department of Anesthesiology, Faculty of Medicine, Tottori University, Yonago, Japan

The aim of this study is to test a hypothesis that
nitric oxide (NO) and/or cyclooxygenase products
are involved with inhibition of hypoxic pulmonary
vasoconstriction (HPV) by isoflurane. Lungs iso-
lated from eighteen rabbits were perfused in
constant-flow recirculation manner with a mixture
of the physiological salt solution and the autologous
blood. The HPV response was induced by changing
the inspired oxygen concentration from 21 % to
3 % for five min and was evaluated by an increase
of the pulmonary artery pressure. End-tidal isoflur-
ane concentration of 0.5, 1, and 2 MAC were tested
at random order. The HPV response in the presence
of isoflurane was expressed as a percentage of the
pressor response in the absence of isoflurane, and
the dose-response relationships were calculated us-
ing the the nonlinear least-squares method. The fol-
lowing three groups were studied : 1) without pre-
treatment (n=6), 2) pretreatment with NO synth-

ase inhibitor ; NS-monomethyl-L-arginine (L-
NMMA) 304M in the reservoir (n=6), and 3) pre-
treatment with indomethacin 10 mg -kg™! before
surgery and additional indomethacin 20 #M in the
reservoir (n=6) . In all three groups isoflurane de-
pressed HPV in a dose-related manner. The hal-
finhibition values (EDs0) of HPV with isoflurane in
the group 1, 2 and 3 were 0.65+0.12,0.70£0.09,
0.96+0.11 MAC (mean £ SE) , respectively. Slopes
of dose response curves in the group 1, 2 and 3
were1.30£0.13,1.35%£0.16,1.88+0.17 (mean*
SE), resbectively. There was a statistical difference
of slopes between group 1 and 3. Inhibition of HPV
by isoflurane was slightly attenuated with indomet-
thacin pretreatment but L-NMMA pretreatment ex-
erted no more effect on the dose-response curve. It
is conceivable that isoflurane may inhibit HPV par-

tially through cyclooxygenase pathway.

Key Words : HPV, Isoflurane, NO, Indomethacin, Isolated perfused lung

(Circ Cont 16 :538~544, 1995)

Presented by Medical*Online



	0538
	0539
	0540
	0541
	0542
	0543
	0544



