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Fr. B CORBBETIR. BERBRESELLT. RERICKDHERR,
BEREMTONTVS, LA LNLKERT OFDRREFIEL LA
STHESHT, BICEROEHERELHMEETRRV, TEITSEROHEATIE. 5
v MR OERZTV, ERHAFICHTIZRIIDVTHRIIL,

(Fi%)
ER1 ; Lewis £7 v bOBEBKZKBAREETYIRT L. Euro-Collins (EC) #&H
L <13 University of Wisconsin (UW) #&ZRW TR T 52 &ICk D, 4FFME
7213 5 B O R REETo /2. #EREL 40cm-gravity £721X 100cm-gravity &
L7c. REFHRTHR, EIAGZEMLGN ATP BZRIELZ. RIZHIDZ v b
EZRAVWTHEBROFIETREEZRELLZE. HNORRS v hABHELL., IKHE
B 24 BFRIRICE S AN ATP RORE E, MiEF CPK BOREZTTo 2.
ERR 2 ERLEEKICT Y MEKEKIEFRRE TR L, UW RERT 5
MOBBEREETO/m. RERTE., KRBIRE ) > 7RICERL, organ
chamber PN T HRMEMBEMEIC L 5 MEBRIGERE Lz, MO
Ty MEKERWT 5 REERGER, BEL T 24 FRHZICKBHIR TR
DRIFEZITO T,

(#53R)
EER1 ; UW BERBETIX. 5 BRHREICA S & EC MR, JEMEFRE & bk L
T, BBIZHN ATP B2MFET 22 ENTER, #REZ 100cm-gravity 123
FCRIBRDBREEITD &, EC #EFRE. UW BB & BITHR ATP BORED
RAE<Mzolc. BHER. FEREE TIMGERR NS Mk E O K GEEM
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IR R 24 BRI O &I AN ATP Bid, JEERM TIZEE L2, uw
FRETIREERT. BIE T LA, J07k) ATP BAHEL . UW EREODIZ
SMEBITEL R o7, MiEP CPK BY UW ERBOEINFEEZZFH>T
<20, HHAEENEBLLIEARREIN,
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TESIETANEBRE &L 572, cyclooxygenase & nitric oxide syntase (D inhibitor
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(E%)
BERHOMECHL., UW BRICEDERIAEDNEEZRLN, BHER MK
TEIEFEIL., TOBEMHEEFIVLAE ML, ERTLIETOENK
BMENIERI SN ZOTIRAAWNEEZ, £ 2 THENREBREZHAEL -
EZA, UWHRKIZK BEEFRIZIMENEEEZREE L. 1 TH prostacycline & nitric
oxide LASDWNEHRMEMENE. BE5 < NEHKBH)BET (EDHF) O
ERZRICBETS MM ok,

(¥&3)
UW HRIC K 2 EERIZE P OFEKE viability 24T 2121382 TH - =485
BERZOMFETZIIESEIL, BRI viability 2B/, UW B
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D—EHEZ>TNWBRIEESENDH 5,



Abstract

Background: Despite an established preservation method for major organs by perfusion
following immersion at hypothermia, a standard preservation technique for skeletal
muscle is still a matter of controversy. The purpose of this study is to examine the
effect of perfusion on the preservation of skeletal muscle in amputated limbs.
Experiment 1

Materials and methods: The rat hindlimbs were amputated for perfusion with Euro-
Collins (EC) or University of Wisconsin (UW) solution at different perfusion pressures
(40cm or 100cm-gravity). After certain ischemic periods (4 hours or 5 hours), the
skeletal muscle viability was determined by measuring the tissue content of adenosine
triphosphate (ATP). In separate study, the amputated hindlimbs that had been perfused
with UW solution were transplanted to another isogeneic rats. ATP in the muscle and
serum CPK were measured after 24 hr reperfusion.

Result: The UW solution perfusion group maintained better ATP levels than the EC
solution group when the ischemic period was extended to 5 hours. A perfusion
pressure of 100cm-gravity was more effective for preserving muscle viability than
40cm-gravity with both EC and UW solutions. ATP of UW solution perfusion group
was significantly decreased after 24-hour of reperfusion, although that in the no
perfusion group recovered. Reperfusion blood flow in the UW solution perfusion
group was significantly lower than that in the no perfusion group.

Discussion: UW solution is adequate to preserve muscle viability. However, muscle
injury is increased after reperfusion probably due to diminution of blood supply. We
hypothesized that UW solution perfusion deteriorated vascular endothelial function,
which might be cause of diminution of blood supply.

Experiment 2

Materials and methods; The amputated hindlimbs were preserved with or without UW
solution perfusion for 5 hours. Thereafter, those were transplanted to another
isogeneic rats.  Vascular endothelial function of femoral artery rings were measured
before and after 24 hr reperfusion in the presence or absence of indomethacin

(cyclooxygenase inhibitor) and L-NMMA (nitric oxide synthase inhibitor). TEA



(calcium activated potassium channel inhibitor) was also used to verify the vasodilator
function of femoral artery.

- Result: Relaxant responses to ACh in the UW solution perfusion group were
significantly reduced before and after 24 hr reperfusion compared to the no perfusion
group and mostly abolished by indomethacin and L-NMMA administration. Residual
relaxant responses to ACh in the no perfusion group were effectively attenuated by TEA
infusion.

Discussion: These results indicate that the perfusion with UW solution reduces the
endothelium-derived relaxation of femoral artery. Especially, that impairs the non-
cyclooxygenase and non-EDNO-mediated (presumably EDHF-mediated) relaxation,
although has little influence on EDNO-mediated relaxation.

Conclusion: Skeletal muscle injury is augmented by UW solution perfusion probably
due to the deterioration of vascular endothelial function, resulting in blood supply

diminution.
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EC: Euro-Collins

UW:  University of Wisconsin

ATP: adenosine 5-triphosphate

CPK: creatine phosphokinase

AA: arachidonic acid

XD: xanthine dehydrogenase

XO: xanthine oxidase

O, : superoxide anion

SOD: superoxide dismutase

Fe: &1 A2

H,0,: hydrogen peroxide

OH ": hydroxyl radical

EDRFs: endothelium derived relaxing factors
EDNO: endothelium derived nitric oxide
PGIl,: prostaglandin I,, prostacyclin
EDHF: endothelium-derived hyperpolarizing factor
c¢GMP: cyclic guanosine monophosphate
CAMP: cyclic adenosine monophosphate
COX: cyclooxygenase

NOS: nitric oxide synthase

L- arg: L- arginine

ACh: acetylcholine
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NE: norepinephrine

L-NMMA:  NCmethyl L-arginine
TEA: tetraethylammonium

K, channel: Ca activated K channel

K-H solution: Krebs-Hensilate solution
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5) -1 Wiz FEEBEOBIK

IR EIEASRIL L, MSE T OIRBBIENHETHITONE L DT/,
SHREITETHRLTHLSDBDOLEEDN S, BEAREEIZIBNTSD, &RE7
S 2R TAVALHERNTHIEFOBENTONZ (1,2). L LIREOBHE
Tid, BlE HFREASFEETOBMEELBL T, EEMRTNEHELNS

VY,

O RIS 21T D BROMER

1. BOZEFERREOHH : BENFEREFMNICBEINTD, LRE
FAEEDHIIBRNICEERENREL., HEMEIIEET S, IREBED
BRI, EFTHIETRASHEETEIILEROT, ZONWDHYSHER
[BEEZR/NNRICHIGT2LEND S,

2. BEUKOKESE  LETRERGAEMICRSFE <, RREHEMNICS
5 X NT=HEEEBIET D Z &3 replantation toxemia (BRERIC &K % ZHes
2) 25 EREITREREND S, BRHGOREFEARHEERTSZ L
ATENIBHEFIILORRITA, BHOENS, & HEOBESN
BEE T, FENERREFENEILIN TN, BEBHORES
EICEAT ORI <. AYRFEDHBEICEIN TR,
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3, B OEGRIS | BEOBEER TIIHEORENHARTRTH S,
UL LI ERMEEO-DIZNERBE TRV, ENICIES G
MEIFEITIZ ORER QTN b BEMRBRASH D I L HBEETH 5,

MEFRESHEZ B EEOBEERRIC. XD —RIZHDETEHLDITIE
LEEMERERRT 2HERH D,
SEOMATIE LEL 2) BHENKORELFECOVWTHEZT .

5) -2 EEBEBORFHIE

1960 £ERF ¥ 5 70 FERUITMT T Dr. Collins & A3HHFE L 7= Euro-Collins (EC)
REFWIE, MIERHLR (& K. € Na) EBBEHEFOLDDOBIRED glucose
EEATIENIRYERHD, MlEERE HHRBRARETI VWSV
NVizHET, BHEBRORFREZREOICH LI R (34,5, L Lok
BTRIORFERTHTORREDIRIB NN o7, 1980 FRIZAD,
University of Wisconsin (UW) RTFEMEEIN, KD BT TRHF
B (6). g (7) @ 24 BRILA L DR 2RFREFENREER >, BED- LD~
REICHEBRETHERINTVADIEIZO UWKTH 3,

UW #ORHIZ, EC MEFRICHIRRMAERT. BEEMERDODIT glucose
D3> O IZ lactobionate & raffinose & 5123 -1 K@ hydroxyethyl starch 23 A
TWA3ZETHS., BBRIITENTNRMGERENDH D, B TIIRBEMR
IZCHZNL glucose B, I TRAESICHRKEZEZRTSH2D, REMEFD cell
swelling ZMHIT 5 Z EDITE/RM o 7=(8). Tl BN D R 7F T lactobionate &
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raffinose 7% cell swelling DR O BERBHEZ L TVNBI EEZSNTNB(9).
UW HIZIZZ 013 (EOREREZHRICEIL TS OMIEEN TIRIZWAD)
MREMEZEDO ATP BAED/HDEE &L T adenosine A%, HMLFEL T
glutatione X° allopurinol 23MZ 5N TNV 5,

hydroxyethyl starch OZFHRIZDWTIRELIT o ED L LAHERNTTVARN
(10), FEFRFHCHIRMEOREZIHTHDICZOHEIIMA SNTNSA,
ZNAIhH 3 2 ETHERBICEEICRBOMRAENE <25, EREOSHAL
e R IR 25T (1), EEmEARE ZEET S RIHEMED B B5(12).

UW BOBBIZE D . RIS EERMIIREBYOM E LN, Zhb gk
DORER TR0 . LIEPHOFRFICIIELZRBALND O LETIERLZK
BT OMRBIRRE TOFARMIIBERICESNS. SRED KISMENK
BEEEEILAI. MMERZBEETLH04HIENMENTBD, B K
RTHD UW TEIROMENEEEZSERIT I LNHEINTNS
(15,16). EBDLIEBH T, BHEROBIRTE(LAE KO UW BREFEFHOIZ D 25,
& K*'® stanford f&ﬁﬁ%&éeﬁzb HEMOEETHIREBRINTWVNS(17). &E
BREHAMR PRI THAEZ T H L WRERO.OEQ8) P DHREAD
FMEMNBEENTHBD, ZONBTORERRFRIZ. ELEHMREELICHS
ENZ B,

COXIIRBIIRIENTNABMERENH 2720, BHEERIIBW T,
EFNTNOREBORFEIHEL RFREERTRETH S,

14



&1, BB REFEOMEK

Conponent UW solution (mmol/l) EC solution (mmol/l)
KClI - 15
NaOH 29
KOH 125 -
NaHCO;, 10
K,HPO, - 42.5
KH,PO, 25 15
MgSO, 5 -
Glucose - 194
Hydroxyethyl starch (g/1) 50 -
Lactobionate acid 100
Raffinose pentahydrate 30
Adenosine 5
Allopurinol 1
Glutathione 3 -
Osmolarity (mOsm) 320 400
pH 7.4 7.2

5)-3 MUl RSB ORESLIE

PR T RSB ARMIC R B <. BB S 5 SN HRAREBET
52 &13 replantation toxemia (B & B 2MIFL) %3 =2 Tkt
RBB. Erls xR L ToRELATIE. BEOEWIGDNS, B
B OREHERMAERET 3 2 ENTENEIBHERIL DRLICTA. 18
DAERER I DRAD . BRGNS, B,

DHEE DL BERRFEDHBIIIN TV, EC#(20) ® UW # (21,22)
WEBHHBRBERAFEOEDETTEHIN TS, HEEH#ERTHZ LITBEL
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TILERAH 5. Arai B ECHETI v MEIKZEFRBRBEAE L H LB
REOHTOIHEZLEBL T, BHT5IETRIKOAEEFERMET L &G
L TW53(23), Harashina 5%, N/NUADEBEEKZEZRANWT, #ERO
BEHEZREL TWVWS((24), —F. Gordon HiF UW HIT & 5 KRBT Hrgenk
TV OBRBHREFICEDN THS I EERL(25). Ablove HIFE IRV
F—U UBCHBILEIZRRT I ETTy MR OAEF RN LA 7z L3Rk
L T\ %(26).

IS DMK T BRI, ENTNERBCRHERAIEZITENNH D Z ENE
HTHBEBZAE5ND, fEHTOHBERZEDIC, BHRIITENTNRBSELE
NHBH, CNETIIMREINZREFERN, BRHREOLDICHEBETDH
LZEEABERBNTHAD. SERAMUEBEZREI R TN LT, GBHOD
IR RTEIR. (E R R T B 2 EREETH B,

5) -4 EBROEB

BEHEE LU THBZERTAERICIT. UTOLIRIENEZSNTVS,

4, EWRTHIEICLD, HIBESERICREFRMSIER L, RRiceRTs &0
TES, RETIHBOIAZFNESIE. BRERES T CIIHBERORE

BE L, SSRCEROEEEMETHOLEDNS,

5. MEEAEMIZHES & ATP AR E N T hypoxanthine 12725, FE/-MIEN

D xanthine dehydrogenase 4% xanthine oxidase ICE#IN5, MITNHERL T
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EE#ZEAME$R X415 &, hypoxanthine I3 xanthine oxidase Dt T xanthine 1253

REENDH, ZFDEE superoxide radical PHFFEENCFEET B, superoxide I

YA A OMBEDD & LD FMEDIRY hydroxyl radical 1T S 115 (27) (K
D. BEDEIA, INHENBHRERESOIRTHELEALNTS
D, BEREZEEZNET2/-0I03MENICE SN/ (hemoglobin, Fe)

IFERIZEDRETRETH 5(28),

1, BIERFERICHESIEERROESE

ATP

l

ischemia adenine
H0, >

l SOD
hypoxanthine
__’ 0, Fe
\:(anthlln/ \

XD —» XO

OH -

uric acul

XD: xanthine dehydrogenase XO: xanthine oxidase O, : superoxide anion
SOD: superoxide dismutase Fe: #k-7 4 > H,0,: hydrogen peroxide

OH ' : hydroxyl radical

17
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6. HERBDEMEMRPBELEOREGICLD, MRKEZNALTOIF DB
Bz 5 NCHIIB N IEZ B LT 5.

M REICEDNTHED, KEOBREVOT, HERIZEETHIEERS
NB5A INETRIUERH TERSGE BRROZRZLEL LRI,
T THSROERTIE, RERKECAINTWAREFRZANVWTS v MIKE
RzERL, ERHRFICHTEHREREL .

6) FBRI5 kL

6) -1 EBREW

RE 270~330g DI Lewis FF v bZAV, Guide for Care and Use of

Laboratory Animals {ZH U THEZITo 72, 1 F— P —LTHEEZTW, v b

7—REKBBERIZEZR 2, MHEZORBITFH] 8 FFX D% 8 KX TENLT

ZEAL, ®REIEIMEBEE L, EREEZRR 25CTEL. Fa19 Rk D% 8

ETOMICERZTo .

6) -2 T4y D e

TRTOTy MR IINIVEZY—)IVF MU DL 45 mgkg DEERZSIZ X
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6. BMRROEBEMEMARPREEDOHRIGIZXD, MIEEZNLTOIF DB
Bz s NCHIRNEEZ LT 5.

MEREBICBDNTED., FEHBREVWDT, BERIEBEETHZEEZS
NBHB, INETRCERHETHERSE BREOR 2B LRI,
TITHHEOERTIR, BERKBASNTVWSREFREZANVWTI v Mk
RZERL. BRTREFECHTEYREZREL .

6) ERHGIE

6) -1 EREWY)

RE 270~330g D Lewis 27 v &V, Guide for Care and Use of

Laboratory Animals [ZHEU TR 211>/, 1 5y — T —IRTHEZTW,. Fv bk

J—REKBBEHIZEA, AEZEORBTFRT 8 FFL D% 8 BFFE TENAT

ZHEAL. REIEEE L, EREIZER 25CEL. FAT9RIDF% 8 I

ETORICERZT .

6)-2 B DHEN

TRTDTy MR IINWVES—IVF MU DT L 45 mgkg DERBERRSICE

18



O MKEEEITo 72, ERPIIFREHERE O /- DI 0B HIUT 15 mg/kg D&
NEEETo 7,

6) -3 #EEHULE

HETFERUMRATIZ ATP, CPKAZDWTIE (—tidiED S5 #HT (one-way ANOVA)
IZTITY, FREENED SNTBEREABEDFITDWNT Fisher's PLSD BRE
CEBLEUBREEZR T2 o7, MMAE (Laser Doppler flowmeter) &K
IRV B0 AR I 2B L T repeated-mesures ANOVA 2Bz, P <0.05 %

BEEHVEHELI.

7) EER1 RERCIDERTAHIEE. BBHREICEDZOMN?

7) -1 B ¥ M adenosine S-triphosphate (ATP)

ATP ISHRARMICHADS ) CBIEAEYT. RAZHEIIBVTHED
viability DIERELTHERINT WS, HHEMAEBMIZHES &, FRIERHR
HTHBHIBD TCA cycle 1381 L. ATP OREAIIMKEMIICIKET S I &
2725, BKUEMBETIES NS ATP 13, HFRMERHT ST 5 LIERITHR
WO T, EBIKH & & BITHN ATP 1344 IZEAD L TW < & % —F R (critical
time) I FRATEM L T, T2RERSES s hnd, BU TCA cycle BFHE
RO T ATP I3R4IZEEL T %, LMALEOEEHBEI B ST NE
ATP 3B L. MIRRITEET S, CORITHHAERL TH ATP OEAITE
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DB 21T o 7z, ERPIIREMERF OO I LEN BT 15 mgkg DBIERE

RIRGETo 7.

6) -3 HEtLE

FEHFRIEHTIL ATP, CPKIZDWTIE (—REEBSH KT (one-way ANOVA)
WKTITYh, FREEVEDSNIHB/IREAAEDOEITDN T Fisher's PLSD BRE
WKBPZEUBBEZB /207, MFRE (Laser Doppler flowmeter) &R
IREME I B3R I 2B LU Tl repeated-mesures ANOVA %= fW/=, P <0.05 %
BEEDHOEHEL .

7Y EB1 RERICEIDMERT S LT BRBRFICEDZON?

7) -1 E¥# M adenosine 5-triphosphate (ATP)

ATP FHIRNARICHADOE ) P BILEYH T, REATBHRETBHTHBD
viability DEEL L THEAIN TN S, HHEMAEBIICHES &, FRERHRE
BTHDHMILD TCA cycle 13BLIE L. ATP DELIIHKEMREIKETS &
725, HKMEMEETESND ATP I3, FRMEEHT T 3 &I EHICDR
WOT, MM & & HITHN ATP 3R 4 2 L TW < 3 % —E K fi(critical
time) T FAYER U T, +oREENEE UL, BU TCA cycle BghE
AT ATP 3B L IZEHL T %, LALEOEEEENEGE I NRTNE
ATP i3FE¥B L., MIRITIERET 5, ORI TIMMAEFRL TS ATP OEAILE
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IHRNIEIZRS. ldstrom Sid Ty hOMKEFRHICHBITS ATP OEER
4 BB TIIR SN, 6 BELRICIEHITCR NN o EHE
LTW3(29). iAidoy MEREMETIVT 6 RKFREIEM Tid no reflow HEMN
EHEICRIAZEEZRLTEDG0). Ty bOMEEKHICIHT S Z O critical

time IIBEBE T 4~6FHITH B EEZ NS,

7) — 2 IM{E creatine kinase, creatine phosphokinase(CPK)

ZDEEFEIT

ATP+ 2 L 7F> —» ADP+IZ LT F2 V) At
EVDLERICZME T HHET. HRADIRINF—ARBITRKESHEEL T
B, CPK IXIFEAENHHMICBET D ZENS. MiE CPK D kRIS
DRIEREFEDEEE R —REIEEICL S,

7) -3 B ERIE

Laser doppler flowmeter

HBICHEE L —F—HOBENO—FE=ZIL., TO/NT—ZART ML E
ST 5 & THIBMTKEEZRD S, ZONT—ARY MLid, L—¥—3
D—EABNT NS FRMIRICER L. EOBEAVEEEKER (Ky TF73—-2
Th) INBEICKoTEREINS, LMo T, b—Y—H#mms TRl
NS MIPERISFRMIRD S DHENITKDBDTHD, NT—AXRT R

20



DRES, —RE-AZ MaE, S HBMTRCHAMIMEERIC LA L /B2 R
HBHIENTES,

Colored microsphere

WRDIAEHE microsphere 1. REBIIPREFIEITRENS D, Hnic<
M2 7z /%, colored microsphere DBAFEIZK D RFATMMIES K D BEICITA S
K D272 57z, colored microsphere I —REEZFH, FHERE TEMICH
BENTVWS, EOLEIKEAI N/ microsphere 12U &H— IR T niaMn
SEFICHELL, BESEOBEROMBICHA L TH/ LERICIEES, TOR
NHEESHI-DDHBEOLZ ENE, ABOLRELELDIS. XHZMET
ERL7Z2) 77 L AMBHFROH/BEDHERIZKD ., BHEFTMKKEOMENENE Y
TE%,

7) -4 EERFE

7)-4-1 REFESEBHICRIITRE

Lewis 7 v bOEBEEABPRETOML, EREHEKICBLEA-ETE

2T, TOEERRTRELL. EREZ 3 HIHU T, FRERHZENTH

3 BER. 4R, S BERIE Lz, RERTHE. ESAHZERL. BN ATP B
DREZTTo Tz,
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7)-4-2 REFHROMENERBICKIZITES

KEBFREBTYIWTL 72 Lewis T v bDEBROKBENRIC 24 ¥'—PHF—F
JV(Insyte-N, Becton Dickinson, US.A)Z R L. FHEMICRGFRZRAWTHERL
Feo REPRMEIL 40cm-gravity (40cm OB I NSRRI ZBRHET) &Lk, IR
IEREERIRN S DB RPHRMBR SN D (YIEEIRAMN S MK % wash out T35
EDTED) BIKROENTH S, RERRIL 4 7213 5 B & Uz, RER
T, LI AGERRL. BN ATP BOREZTo /2. ERIIFEROTET.
AT D 2B TTo 7.

EC #EJRE ; Euro-Collins A Z W THEF L /=,
UW B8t ; University of Wisconsin 78K & AW THEF L 7=,

7)-4-3 EFRENEBHICRIZTESE

Rt U7z EC EERREE, UW BEFRBEOREFIEZ 100cm-gravity (2858 L TRIRD
RERTo/-. RERKEIT 5 BREIELE. RERTHE. EIABZERL. 5
N ATP EDQHIE Z1To 7.

7)-4-4 REFERTHOMFER (ischemia-reperfusion) AMEHBBICKITTRE

U E2F0EEBRETHRE. LI 100cm-gravity T UW #EZHWT
EFRBREL, BIORRT Yy MAKBRIERIRZEMEL THBEL ., BKOEIMIE
RIS E s &2 LD ic L., Mm%, #D 2 KRl Laser doppler
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flowmeter (ALF21D, ADVANCE, Japan) Z% W\ T FERIA DI ZRJE L7,
24 B, BTy MERKBR L TE S ABHEEERL. HN ATP BORIE 21T
oz, FRRIZEHIRIDZERL ., nFER CPK 2EHEIL .

7) - 4 -5 B RR RN OB N M iRE

Laser doppler TORIFEMRREZHRT S22, HDFy bEAWT colored
microsphere 512 & B BEIERT. RO\t T A RO Mm% RE L7,

7) - 4) - HERKRICUINEREZ DO ERETHRE. b L <iT 100cm-gravity
T UW BEZRAWTERFKEL. JIORRT Y MAKBESRIREZWS L TBIEL
7. polyethylene AT —FINZ2EQHEBRZBEL TELEAFAL, mIRFHEH
30 53 #1Z 0.3mi(#J 900,000 fE)D microsphere(DAY-TRAK, Triton, San Diego, CA)
% one shot THEALK., ERETHE I AMHERRL T, HHOMBAMREZ
AWTZER2ICHHABZEMRIE. FAO TNV —Z2HAVWTHERBRRERN S
microsphere ZHitH U7z, RIZ microsphere 7 S ¥Et 2B 57/~ 0.4ml @
dimethylformamide ZMNA. HWLOBEL 2%, 0O LEBROBENREZRE L=,
RERIABAEDOEBRM / RUEFHL T, HilBRORALE LTRLU .

7)-4-6 B ATP EDRIE

RERLIZE AT, BAEREAVTRERE S E, BEOFNET-70C
THREL,
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HEE LI, o CORAIL THWV/E 0.9M perchoric acid A, 7
TJOCREPFHFATF-ITHREDR— bRIEKR LTz, TOFREIER— % 3000
ElZT 10 D RE OO BEL . ERIRIZ 2M KEEMEH Y D LZMA T pH 28 6.5
Wb D%E ATPRIEDOHBIE L.

& 5 M CDIER L TH /= Triethanolamine / K2CO3 / MgS04 / EDTA / glycerate
3-phosphate ¥R 2.5ml IZ 8 -NADH #A# 0.05ml &RE AL 0.4ml 2N A F-AHK
@ 339nm TORNEUAUDNZFE L7z & 5112 DEHKIT phosphoglycerate kinase /
glyceraldehyde-3-phosphate dehydrogenase {ESMEKRZMA TRIGZED =1,

BOEAE 42) 23z LZGBD.

(A1-A2)X V
Muscle contents of ATP = mmol/g tissue

E XdXvXp

V; assay volume € ; absorbnce cofficience d; light path 0 ; mass concentration

7) -4 -7 IiEH CPK BORE

R ORISR & D ERER L /- #E %, 3000 [E#5T 10 D HELEEL. i
DH%E-T0CTHREFELZ. JEIL SRLERSHAEZFEL TITo
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-5 ERER

7)-5-1 RERMPESRFHICRITTRE

3,4,5 BRIFRERO L S AN ATP BI3FH1-E4N 1.81£0.20 £ mol/g tissue, 1.41
+0.18 £ mol/g tissue, 0.4940.18 1t mol/g tissue TdH D, T IUTHN DK 56%. 44% .
15%THo7z. BN ATP BIIRFNFHOEEE EBHITIET L. KT RERRMN
4RMZEBA S ERBIETL TV T EARE N/(Fig. 1.

7) -5 -2 REFROTMENERTICRIETTZE

EC R TIE. 4K, kU5 BERRFZO L S AHN ATP BlIZENETN 1.07
+0.10 £ mol/g tissue (RFUDH) 35%). 0.59+0.12 4 mol/g tissue ([FAH# 19%) &
7207, ECHEMBELIEERBOMICIIHKFENRATZIIRD SNa”ho7=,
UW BERBETIL. 4 IFRRFEROE S AR ATP &id 1.251+0.19 £ mol/g tissue

(BRDK 42%) THO. IEHERBHOMICHFFNEREZRDRN S 2H
5 BFRMEER TIE 1.10+0.10 £ mol/g tissue ([F#) 34%) TH . TIUIIERER
BEXDDBEEITEMN 5 7(P<0.01) (Table 1, Fig. 2).

7)-5-3 ERESERTICRITTE

BEWRIE % 100cm-gravity 1293 &, FEFIZEPN7L (1~2ml/min) MK D wash
out MFb /-, ECEENME. UW HEFRO ATP BIIZHNE4 1.01+0.13 L mol/g
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tissue. 1.37+0.12umol/g tissue &72 0. ZiT 40cm-gravity EFHBEL D HE R

12/ M5 72(P<0.01)(Table 2, Fig. 3 ).

7) - 5 — 4 REFH T Z DI B (ischemia-reperfusion) B # i IZ R IF T 2%

B ATP BISIEHERBETIIMBERICL > TEENR SN2, UW BEFRR
TIRPICMFEERATLD BT Uz, ZO#ER. 24 Wi reperfusion 80D ATP
td Uw BEFREEIT 0.9420.54 L mol/g tissue. FEREFEE 1.6520.30 1 mol/g tissue &
20, UW ERFEOHFNARBITEWEZ R L /- (Fig. 4).

LA CPK Id UW MEFREEDT 4682 TU/l, SEREWTEEAS 1967 IUN & UW FEFTEED
FHIMBREIZEWEZR L /= (Fig. 5).

7)-5-5 MEFEBERESOHNMRE

Laser doppler flowmeter # AW THIE L2MREL, FFERFTIIRHALDIE
U, mFEEEsE 30 M5 45 SIIMTTRE— Y 9 AREERLARD 5N
ek, UW #ERmBTREBALD BEVE E TEHE LD S (Fig 6).

microsphere &% AWz TEEH 30 HROMBENE TS, IFREFEF T,
BRRILE AR 2.69+1.36. LT Af 1.55£0.84 &FUNEFRMDAZTED SN/D
iZxt L. UW BEFREE TIZERAUEL2SHERESS 0.36£0.14, £ 2 AH5 0.30£0.19 &1
FANEIE L TWian Z & AHEER X 72 (Table 3),
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ATP levels of soleus muscle

(%) (% of the control limb)
100
90-
80—3
70-

3h ischemia 4h ischemia 5h ischemia

Figure 1, Tissue ATP levels of soleus muscle at different ischemic duration.

Data were expressed as means & standard deviations. n=4 in all groups.
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ATP( u mol/g tissue)

Control Experiment
4 h ischemia
no perfusion 3.17+0.14 1.41+0.18
EC perfusion 3.04+0.16 1.07+0.10
UW perfusion 2.98+0.11 1.25+0.19
5 h ischemia
no perfusion 3.23+0.09 0.49+0.18
EC perfusion 3.10%£0.22 0.59+0.12
UW perfusion 3.24+0.16 1.10+0.10*

Table 1, Tissue ATP levels of soleus muscle with different perfusates at different

ischemic duration.

Data are expressed as means +standard deviations. n=4in all groups. *P<0.01 vs.

no perfusion group.
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ATP levels of soleus muscle
% (% of the control limb)

304

N
Q

-
S

Illllllllllllll

o

no EC Uuw no E- »UW

4 hours ischemia S hours ischemia

Figure 2, Tissue ATP levels of soleus muscle with different perfusates.

Tissue ATP levels in the EC perfusion group were not significantly different from those
in the no perfusion group. After 5 hours of ischemia, tissue ATP levels in the UW
perfusion group were significantly greater than those in the no perfusion group. Data are
expressed as means+standard deviations. no: no perfusion group EC: EC perfusion

group. UW: UW perfusion group. n=4 in all groups. *P<0.01 vs. no perfusion

group.
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ATP( 1 mol/g tissue)
Control Experiment
EC perfusion
40 3.10+0.22 0.591+0.12
100 3.17+0.11 1.01+0.13*
UW perfusion
40 3.24+0.16 1.10+0.10
100 2.98+0.24 1.37+0.12*

Table 2, Tissue ATP levels of soleus muscle at different perfused pressures.
Data are expressed as means+standard deviations. 40: 40cm-gravity perfusion group.
100: 100cm-gravity perfusion group. n=4 in all groups. *P<0.01 vs. 40cm-gravity

perfusion group
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ATP levels of soleus muscle
(% of the control limb)

40-EC 100-EC 40-UW  100-UW

Figure 3, Tissue ATP levels of soleus muscle at different perfused pressures.
Tissue ATP levels in each 100cm-gravity perfusion group were preserved better than
those in each 40cm-gravity perfusion group. 40-EC, 40-UW: 40cm-gravity perfusion
group. 100-EC, 100-UW: 100cm-gravity perfusion group. n=4 in all groups.

* P<0.01 vs. 40cm-gravity perfusion group.
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Figure 4, Tisssue ATP levels of soleus muscle after 24 hr reperfusion

After 5 hr of ischemia, ATP levels in the UW perfusion group were significantly greater
than those in the no perfusion group. However, after 5 hr of ischemia following 24 hr
of reperfusion, those in the UW perfusion group were significantly lower than those in
the no perfusion group. Data are expressed as means*SD. no: no perfusion group
UW: UW perfusion group. Control means the amount of ATP in the contralateral
soleus muscle, which hasn’t damaged by ischemia. n=6 in all groups. % P<0.01 vs.

no perfusion group.
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Figure S5, Serum CPK
The serum levels of CPK in UW perfusion group were significantly higher than in no
perfusion group (P<0.05) no: no perfusion group UW: UW perfusion group Data

are expressed as means=SD. n=6 in all groups.
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Figure 6, Reperfusion blood flow after transplantation.

Reperfusion blood flow in the no perfusion group (@) was gradually increased and
peaked after 30-45 minutes of reperfusion. The peaked flow was 240+30% of
contralateral hindlimb (M). That in the UW perfusion group (A) was lower than that
in contralateral hindlimb during the first two hours of reperfusion. Data are expressed

as means+SE. n=6inall groups. * P<C0.05 vs. contralateral hindlimb
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Gastrocnemius

Soleus

No perfusion

UW perfusion

No perfusion

UW perfusion

Ratio E/C
2.69+1.36

0,36 0.14

1.55+0.84

0.30%+0.19

Table 3, Blood flow ratio of experimental to contralateral control limb

Data are expressed as means *+standard deviations..
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7) -6 B

Ty NEBT TN 4~ SFRITREZATP DK T ZRT I EAGN o7,
EC BMICK B HER TIIEBMO ATP REIHT 2HREZRDRN L. UW
WIC K BHEFIT, ORI 4~5 R TR I 225372 ATP O T ZHHI L T
il 5 BERIEOERT ATP 2 BICHFTLIENTER, TNETS Y MK
DERBHRFITIE ECHE UW BOPDRIZABERBVWET HRENLZEINT
WBA((32,33). INLOERRIEIBEREFETHD. ERIITONTHRWL, YK
BEERETIHE. BRHEZEECHEICBEDLDNERRICHFET 5720, REF
REHZTHEDITHHERBLETH LD EEZ SN,

MRESBKRD ATP ORENRICKEREEL2ZT 080007, 4H
DEERTIL 40cm-gravity, 100cm-gravity @ 2 FEEDTOADRETH 2. B
WHNE KA ATP OREFEDRIIKREMN 572, 40cm-gravity EWDFEREIL, K
REERIR & O BRPEN RSN BREBOEE L TEALEN, ZOLRHETR
BREBESTORMETHERL TSN EIDRSA TRV, BEREN+HT
BRUTNIB/BERHE LR OREFEDRENKDNS Z &I OEE TRESINT
BDA1,12). K2 UW BIZETBENSVWED., TOERABDOEINEDEEZS
N5, LHLERENSTEREHICNENEREEZFIERITIENEBRSE
N5(12). EREY. H RERKOBEICL> THYRERENSRLZSHO
EEZON. SIHICHELVWHENILETH S,

UEDHKRZELD D E, SEOERETINVICBIT B BHEO BB RERE
1. DR ; UW AR, 2)R7FRR ; 5 FRR. 3)REWRIE ; 100cm-gravity &\ D
ZEITRB, FITT) -2) - TR, ZORGTRELEERZNORRS v
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MABELTOFEZEBS Y. BLEEEROZEERA N, FERETIZMN
PR B E T SO MR NASER & o 7248, Uw BEFREE TI ik o B A8
Rond, BUXDBEWEETH -7, TOBRMTEHE 24 FFREORS
TIHERHETIIHN ATP EQEENRSN/2AY, UW BEFEE T3 5t i 5
BEDBETL., ATP EOWIRNE Z o7z, ZORERITMIBFS CPK ORIEIC
Ko THiEMD SN/, MHEEME 24 RRETOMmMFEHS CPK Id UW #ERETH
BICE <. ZNIHHEEEENFERELD BN LZRLTVS,

LLEDRERED UW REHRICEDERT S L3, BRGREIAENTHS
EMHMon, BEBEEREONFKZMET 5720, BHEBICHERES
MEAATHI OEEZ OGN,

MBEAETUAERIZMATH S50 ? MERNKITEE NO, PGl, EDHF &
WS 3 DOMEMERFZEEL THOMBRME ZT>TWB Z A5
TW3, ZTNSORFOESA, bLLRBHEMBEEI NN, FHEOME spasm.
MABMOMOETAERS N, BRNZBERBCEREEZRETHOEEZS
N5, UW RICKDERPUMBRILOMENEEREZEEL TWSE02H LN
72V, Ty bOaorta AWAERTIE, UWIRIZINENREEOREICHED
THholEBEINTWNSH(34,35). THYDEBRERWEZERTIE UW &iZ
MENEEEEZETIES ZEMMEINTNSA5,36). 20K ICHimER
AETHIMENICK > T—RLABHRABTSNTVWE ST, Jy MNUKOmE %
AOWTHHROERZIT > ZHERT. BRAOHMBBoICBLWTRELS W, 2
TIDEHREWMND ZDIT, RIZOEY >/ 2RANTHERNKEEEZRET
5 &EIZULTE,
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8) MEOMERNKIZI UWRICKXDERTERELZZTLO00N?

8) - 1 IfE PN RK TP B AR RS

MENBIIEL BN EERTZEAL CRMOMRHRAE ZfT>TE0.
O THE BRI EEETF (endothelium derived relaxing factors, EDRFs) &L
T endothelium derived nitric oxide (EDNO). prostacyclin (PGl,). endothelium-
derived hyperpolarizing factor (EDHF)& 2 Z EBRSNTNE@BT). TNHD
F1Z acetylcholine, Bradykinin 72 & OFE T ENR L DEHTNS/D. organ
bath T, ME) >/ E2RANTINSOMEE{RE L& EDOMEMRRIEZ
RIETBHEN. MERNEREZRETSZHEELTAITbATnS,

8) — 2 endothelium derived nitric oxide (EDNO)

1980 £E. Furchugott % {24 U endothelium derived relaxing factor (EDRF)A$5E R
TN (38), TDHE. EDIEMAED nitric oxide (NO)TH B Z LA HERR I N7z (39).
EDNO 34k 4 728, BIERREIM TnENE TEE SN, MELEHICE
AU THINEAN cGMP 2 LR EE 2 Z L TERBHOMEERZKT. EDNO 1IB
FTIOEBROPAGTITEFICEEREHZRLTH, EFLERIEE SN
EEREED—RE/MLD, EDNO OS5, mMENBEANCERE N~ DI, m
IR D EESE & B I ER B NI /MR D 43538 % 111 L (40), MR OTRHICHEE
RIBENDH B, LRI G EHHIE OWIEEEENETEZ NS H
IRFE(LZFHT2EHELH DO TIIRVWNEELSNTNS,
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EDNO 13II&E N T L- arginine ZEEE LT, NO &kEE#E (NO syntase,
NOS ) IZ&L> THERENSD, £ T, organ bath ZAWVWTIERIEZHET S
EERTIL, EDNO DEEAEZHIHI L7z WHEIT L- arginine DFHERRLUA (L- methyl
arginine 72 &) % NOSHHEFH L L THEAT 5.

8) — 3 prostacyclin (PGl,)

{LEMEDNNE DZEARITH S LT phospholipase A2 Z{EHEEL. DY) >
I8 X ¥ arachidonic acid ZEBET 5., T 2/ 5 cyclooxygenase 2T L THRA 72
prostanoid MEEINBH, MENKTESNDDIEZBBIT PGL, THS. PG,
IBEBHHN cAMP 2 LRI B A L TMEFBEHZMESED. L>TPGLDH
¥7/- EDRFs OD—DTdH 5, PGl b T/ MmN TIL /MR OEES i3
%, organ bath % W7/ FEBR T3 Prostacyclin DER ZHHIT 272D IZ,
cyclooxygenase &2 (indomethacin 72 &) ZERT 5.

8) — 4 endothelium-derived hyperpolarizing factor (EDHF)

BNR U7z & D IR KF M EiE K ISIE EDNO % PGl, 21 ¢cGMP % ¢ AMP
ENLTEHERITEZEZAOSNTVS, LMALOEOEEICL > T
acetylcholine 72 & DILZEMFIM THI & Z & N 3 MR KT B iE RIS
NOS & cyclooxygenase Z#IH|l L THHEELZWI EAHND, L dFIIIH
JEAI®D cGMP % cAMP DINE DN & BRI N/, ZHid EDNO ®
prostacyclin LISMIZZICNFEBRB 2 ME S 2RFH. MERE» SHHEINT
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WBZEETBLTWS, ZORFREAZDOEENBERESNTNRNZD,
ZD (EBEHARKEZE0MEIE2) HENASANKEHRBSBEF
(endothelium-derived hyperpolarizing factor, EDHF) &IFIZNTW 3,

EDHF 13 K channel 2B < Z & TEBBHMBIERAZRT LEXSNTNSDH,
EDOH AT DK channel NEHE L TWBENIDOWTIREEIE->ED LTV,
3 B84 T EDHF O/EM % apamin (small conductance Ca activated K channel
blocker) ZHIEIT B4, BB TIZ. 2IWTHHIT 2 2DITIE apamin &
charybdotoxin(voltage sensitive K channel blocken) S E TdH o7z, Ca activated K
channel (K, channel) OHIFIVER %489 % tetraethylammonium(TEA) ® £ 7z EDHF
DIER 2WEHIT 5, MEIZL > Tid Glibenclamide A% EDHF (2K 585 M%)
%19 % DT, ATP sensitve K channel 2’ B859 3 L bH|ESTN TS (41).

EDHF 13 EDNO ® PGL, 212D, EEMEELLTELEALNTHELHT, &
BAYZRHERE D ROMN > TR, REE R TIENOS & cyclooxygenase @ inhibitor
IZHEFIE O BAREFHE B AR (B #8) R GAY EDHF EADEREIN TV D,
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2, Endothelium derived relaxing facors (EDRFs) D EE 4=

Agonists

v

Endothelial cell Ay

/ Caz+
v

Ca*-Calmodulin

L-Arg -NOS |
v I
PGI, EDNO EDHF

Smooth

muscle cell

guanvlate cvclase

adenvlate cyclase m K*

/‘\ GTP c¢GMP hyperpolarization

ATP cAMP‘~\;.é;** 4__J

Relaxation

8) -5 FEEFIE

8)-5-1UWIRIC K BEERAS, MR EKESMENERGICRIZTZE

FEERIT cotrol BE. FEMENEE. UW ERBED 3 B TIToX. cotrol HTRT v
P EKRREPREBTUN L. T<ICREDIROEN TRRBIRZE 2.5mm D&
STHRE Lz, FEHERBETIIUNRIRESET 5 RMEE LR RRIKMRE
BIRZFRR L2, UW ERBETIIYN®RKEZ UW RZ R W THRERICHENR L T
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(100cm-gravity) 5 WERR7E L 72, REHICRIRBIIREERIR L 7.

8)-5-2 WRENMENKICRITTZE

EHRESNETELLMERNERIBEINDS., UW RIIRDCEEND
hydroxyethyl starch 12 & 0 JERITHTENE < /x> THY . WWT 5 & E D shear
stress IREDKEL BB HDEEZOND, TITYUWRKZERTESHK
FROE S TdH D 40cm-gravity TS BRIEHRLZH &, 8) - 2) - NEREKRITKEER
AR EERIR L 7.

8) — 5 — 3 {RTFHE T #% I i B Bl (ischemia-reperfusion) A ML B PR B 12 B FE A

YRk E T D F ERIETHEE. dL <IE 100cm-gravity T UW RZRAWTHE
HREL, JORBRT Yy hAKRE#EREYE L THBEL 2. BIORE kR
I AEr s &R B K SIC Uk, MFEERN 24 K%, BOS Y hEMKELT
8) - 5) - 1) & FEERICKBREIR 2 £REL L 72,

8) - 5 -4 MEN KRN EME IS ORE

BB L =B8R > 2138 H L 72 Krebs-Hensilate (K-H) solution {C® LT, &
OHRTHENRZHELRNWEI G2 DTN 5BEOKEHEMZREL .
MO TE Y > 712, 37C TR #EL U 72 K-H solution Z{ifj/z L 7= organ chamber
T, force transducer IZHEBEE N/2(K 3). EERIL. K-H solution & ANEZ 7
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MOMERNNEET2E T30 0 ~1 FHIFEFEL THSHMELI

F9 1.0g D tension ZH SN UDHEZIIRET,. 10° mol @D norepinephrine %
chamber HIZRE L2 (FHEERICBWTINS OmE ) > 713# 1.0g D preload
ZMF 5 Z & T norepinephrine 12§ 3 HBRKDINKERIEAFSND Z ENDM
o572)e BBHMELELE. 107~10° mol D acetylcholine % ERMEIICHK G- LTz,
Norepinephrine 5% D UXHE 1% 100% & LT acetylcholine 2 & 2 iz K% I
EoERE U TEHMEL 7=, RIERK T . cyclooxygenase [EE# Tdd % indomethacin
10° mol & NO & BRI EIR TdH S N°-monomethyl L-arginine (L-NMMA)10*
mol Z%IZ chamber PIZHNZ 72 4KIE T, R#RIT acetylcholine 12 K 2 M EFEIER
INORIEZETo. £72 8) — 2) - 3) TIEE 51T K, channel [HEETH 5
tetraethylammonium (TEA)10° mol % chamber PNIZHN A T acetylcholine {2 & % 1

hERRIGRIEZ#R VR L7,

[ 3, Organbath N TORRKFMEMERKISORE

Drugs (NE. ACh, etc.)

force
transducer 0 0,95% CO,5% mixed gas
4
........................ '(_)
'''''''''''' KIPEIEIEIE NI IEIEIE o 20N

........... « Q—l

.....

:[:_> 37C  H,0

43



8)- 6 EERtER

8)-6 -1 UWKIZ K BHEFA, MENEKFELENERSICRIITEZE

ACh 13T 3 ASMFEER T control #£ T 97.3+£2.7%. IEWERBET 97.0+2.8% T
Holc. TNEO 2 FEMITITIHEFFNRBERRD SNah >/, ZHUTHL,
UW BEFRREOBRAMBERIL 76.7£4.7% TH D, THIMO 2T LWL TER
KT L TW/(P<0.01). Indomethacin BEMOF L TIZ, Z DIMEMBERIEIC
FERBLIRDENEZM o7z, I 5T L-NMMA Z I A TIE i &S 2 #l
ELZEZA, ENENOHETERER b THIERMET L 72 (Fig. 7).

8)—6-2 WEFENMENKICRITT HE

40cm-gravity BETREE D I ARIERIT 63.2+10.6% ., L-NMMA 7ZfEF T 61.9+8.7%
THolz. 3T 100cm-gravity BEFREE & Ll U THREFMFENFTEZIIZRD sz

M- J=(Fig. 8).

8) — 6 — 3 REK T %I FH BA(ischemia-reperfusion) M E N K IR ITTHE

24 BRI QMR ERE. ACh I 2 MEMBERINIL. FERETHE. UW M &
BIETF L., UwW #EFBEOIME h#E R ANIE, indomethacin & L-NMMA %A
5ZET, ZOREEAENHER LK, Zhuc L, JEFERRE DI B bR KN,
& THHl S N DHTHh > 7-(Fig. 9).
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EERBTEELZOEWERGIE. 2512 TEA 2R3 ET, FOKX
B =T 5 2 & AT &7 (Fig. 10).
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7-a, no inhibitor 7-b, indomethacin+L-NMMA
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Figure 7, The relaxant responses to ACh during the contractions induced by
norepinephrine after 5 hr of ischemia.
The relaxant responses in UW perfusion group (A) were significantly lower when

compared to the freshly harvested control (W) and no perfusion group (@) (Fig.7-a).

L-NMMA (in the presence of indomethacin) had an inhibitory effect on ACh-induced

relaxation (Fig.7-b). Data are expressed as means®SE. n=6 in all groups. * P

0.01 vs. control group
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8-a, no inhibitor 8-b, indomethacin+L-NMMA
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Acetylcholine (log M) Acetylcholine {log M)

Figure 8, The relaxant responses to ACh after 5 hr of UW solution perfusion at

different pressure.

7. :UW perfusion at 100cm-gravity group A: UW perfusion at 40cm-gravity group

No significant difference in relaxant responses to ACh was observed between these two

groups. Data arc.expressed as means=SE. n=6 in all groups.
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9-a, no inhibitor 9-b, indomethacin+L-NMMA
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Figure 9, The relaxant responses to ACh during the contractions induced by
norepinephrine after 5 hr of ischemia following 24 hr of reperfusion.

The relaxant responses in the UW perfusion group were significantly lower than that in
the no perfusion group after 24 hr reperfusion (Fig.9-a). Those were almost
completely abolished by indomethacin plus L-NMMA, in contrast to the no perfusion
group in which responses were partially attenuated (Fig.9-b).

M : freshly harvested control  @: no perfusion group A: UW perfusion group

Data are expressed as means = SE. * P < 0.01 vs. no perfusion group

n=0 in all groups.
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% Relaxation

-7 -b -5
Acetylcholine {log M)

—0— indomethacin+L-NMMA

—0— indomethacin+L-NMMA+TEA

Figure 10, The residual relaxant responses in the no perfusion group after 5 hr of
ischemia following 24 hr of reperfusion
Those were effectively attenuated by TEA infusion.

Data are expressed as means+ SE. * P<{0.01 vs. indomethacin+L-NMMA group

n=>6 in all groups
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8)-7 BER

UW R THENRREELEMEUSOET 2RO OII L. FFHER
BTRBLIRRES N aho/. U 5 FEOREM O H THERBEIROLE A
FEHEICALITR I 50, UW IRTERT S L TRENSIEREIENS
Z & ERLTWS, Indomethacin B TIIMERBESISITIE LA ELRAENR S
NEMofZ EMS . KREEBIIRO il BihAE R I prostacyclin i2iE & A EHE
Lfmﬁm:&ﬁﬁﬁéoLNMMAM3%&%EE§K@%%%&W&W%L
=M, EERKES OERISHEE L. iR LXK D IRmEANKIL NO, PG,
EDHF &5 3 DOMEMERT 2 ELE L TRADMFEREZ2T>TVWEDT,
ZTMDDB NO. PGI2 DEAZMEKIL T 75biERINE. EDHF BHRORKIS &
WHZ ERB, o TTy hOKIREINRO i B N BRI M E R KN,
Z DK% EDHF HRDORBIEKFEL TWD LNWD I ENTED, i
Indomethacin & L-NMMA 7FE T TH UW REGTHE O E 5t iE RIS FERERE: &
DHEBIETFTLTWAEZIELD, UW KX 2#ERIZEIC EDHF HRORIG
EEELTVWSEEVNR D,

ERENETESLOENERIREEEINS. UW BRI END
hydroxyethyl starch {2 & D JEFEITHFAENT 72> TH D, HEHRT S & E D shear
stress 1IZLDKRELRBHOEEZLGNS, SEHOKROBE. EREE TS
T2 RETS UW RICk > T ERMBRABOE TN SEI SN &h
5. 100cm-gravity & WD EABETETMENEIEEINEO TRV Z &M
DH B, UW RICKDEREVWITRANRBIROMEARIBEESIERIT
D ELEX SN,
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24 FFRIOMREMAE. UW BERBE TR, EMEKSDOETNRER LD,
X 51T indomethacin & L-NMMA IZ& > T, BEFETDMERIGDIEE A ENH
Lll, FERBETO MEMERISOETARS N72A, indomethacin & L-
NMMA Z#HELTHEEBRKRT 3% dbOMEMENGE SN/, IUIEMER
BETIC & > THEREE D EDHF OEEFIZDIZVWAL. UW KEFRE D EDHF 13
EBIERBEEINDZZLERLTNS, BREZOXIBENEETNIZONZ
DNWTIE, SEOEREG NS0 M 5720, EDRFs DM E g R ICE S
HLBIL, MEOKES, WHICK>TRESERD, KEEIRTIE EDHF D
MENEFIZRKENI EMNREIN TS (44,45), F/= EDHF I3 EDRFs D72
N TEDEIMIZENWET TH D (46). EDNO O back up & U THWTW S AJREME
MNE TN TN 47), 5 RHENZORK TIX. EDHF ORFTMRHFEES IS
ZEEMENEFICKELZ>TED. UW BTHEMNEEZZ TS 2 LTk
THERBHOMRETASERIIN, TNNTSICRNKEEZELEIET
W OMH LAV, EDHF BEDFEFHE SRR ENTVAENS S, BWEE
EABBBAINTELT. TOEABLH > TWRNE8), MEMEIERLSN
I EE/s EDHF DIERAMH S FIHEEDEETERNTH S D,

BIR D & 512 EDHF (3B D K-channel 2T 2 2 &I2& 0. HhiEEM
PFRETIZEEDNTVEN, W< DHMH B Kchannel D55, EOFEHED
channel ZHTE2DONICDVTREBERO—HEZETWA W, FEMRET
indomethacin & L-NMMA #E5ZHREL TWZERRINE. TEA ORSIZX
2T, MRVOERMHENZZELD, Ty NORBEBIRTIZ, TXTT
1378\ K, channel A% EDHF O{ERIZBEE L TWA Z &b h o7z,
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9) %5k

QOUW BIT X BFRFHETILRIM P O FHEE viability ZHERF T HITIIHEYNTH -
7o, BRERZOMBETZ5IZEI L, #REIT viability ZIBTE S/,

QUW T ENEZEAE. 2 TH EDHF ZHRT ARG ZMEEL. ZhHMmiE
BKFTO—RER> TWVWBREEENDH B,

Yy, TR THERHOREDDICERENITAEANESTHZOD
MIZDNT, WALARRFHTERETOTREN, PR EBBREFEDNT
WERRFRZEZZTOEEROEREE L TES TEICAL TIIMERH B LD
Thd, SROFERNS UW BIIHRBEOLOERETHICEAFHTHS Z
EMPMo DT, NS BB THNIEIRHBRBEREFOYDENBFTESLTH
25, LML EESHMORETIE. BRMIIFELICHO., KB, HIK
RETEOLNTWVWS D, RERBEEDLZDIZIE. BREVWDIITHIRAR
BHDEEZSND, TEOREFEII DV TOMIIIMOME &L TE
ERBIHOHEHMIEEICE L, SHRUBORFEICEDEI-REFROMAENSLE
THAD,
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