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B, FRSFOHEHPOFHE L THOPETEM4000 AL LOBEZEIEFNTWAEE
R EIND, TNODEZIHT HREAN 2GR EINEIEERIUST 2w ps, FURTI
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ZHBT, HAER, ABRBIHEFMIITOIN DL Z L%\, THIZBEE—AHZHD
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REEDVRIOHITIT L THEL IR TV LW L ildh 5,

KA DBEDFMBEDHER T R D L. FMFHOM L, MABROBTEFEDELR

e &L T 19T8EFED S DLHRERDEA , (LB MFEFEEM ., FEREGOFE 2 &,
WP D LHREEDESPFNEEDLELEE LR F Lo TS, ThE Tl L
DEFEWIFE % & DO RAGH T T 5 0 REEDIF R EZ T VREDOM L & IcH AR
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2) B fEE | RILOHREICB TS EFE pH strategy - 1KIRE ML HEFEF pH /L HEAE ]
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£ g3

PERDOFHTEE - Cold GIK #LIZ & A.LEREE T AVWce, ROMBREEHO T 1 —
SF{H T & 5 LMEEE (Fractional Shortening, Stress-Velocity Index) = #T4EIR & FLIB THE T 5
&L BB TIIREIREREEE & OMICHE Z 20 2D o 7225, AR CIEIKENRE
MEHEEFELRBOMEER L, T bbb, HAEROR B EEHRDLHEEITKE
IRERFFOZE 2B T, REDLHREEIIFERICIHERIATFTHL I L
DR SN2, AL, B e L TRRFAEFM LU Langendorf MEERET T )V &
v, 20C3 RN - FiEREREZED. O (DP: LZERELE, dP/dy) DOEE (%) %
LT OBETHE L7z, | B B (LA IR E 1 St. Thomas (ST) #) | K& : Krebs-
Henseleit (K) #& CHEEL, B & : [WABERILIC L D EHEL L - EE M THER, W §
HMERBR L FIAEME THEER, S# . E£MIRKSMREFRDOREME CHER, HEE : free
hemoglobin (Hb) + K #& TH#ER , HP #F : free Hb + Haptoglobin + K ¥ TH it , C&F :
Carnitine + [F & I & T FHE T, 2. L H TR EE ALK O B (EFT I RIAE42M) | GIK#F: GIK
W8 ,ST#F: ST, AD & : Adenosine + ST # , H-7.4 #f : L-Histidine + ST ¥ (pH=7.4) ,H-
6.8 #f : L-Histidine + ST # (pH=6.8) , H-6.2 # : L-Histidine + ST ¥ (pH=6.2) , A-H#&F :
F L EEL 2L HHRER NaCl 25 mM/L, NaHCO3 30mM/L, KCI 10mM/L, MgCI2 1.6mM/
L, CaCI2 0.5SmM/L, Glucose 10g/L, Adenosine SmM/L, Histidine 160mM/L. Histidine-HCl 20mM/
L, pH=7.0, FERZERITRT, T HEERE,

#f max DP max dP/dt #f max DP max dP/dt

K 103+6 105*6 GIK 799 81+9

B 82+7 79 =+ 26 ST 83+9 84 £ 7

W 115+10 115+ 10 AD 99+4 1077

S 956 100%7 CR 64=*38 70 + 8
H 61=*38 54 +8 H-74 77 %5 70 + 4
HP10l £+ 5 91 +9 H-6.8110 =13 97 = 11
"C 1034 106 %5 H-62 62+20 56 % 18

FHIMEK, MRS, AIMLIZ & 5 free Hb HD MBS S L - BERBEEDR LR
LDHOREIEETH 5, BREE A TEIERT - BIBOMBERSEEICI2F
EWERELX BERNICMEOEERAZITV, FER THBEEH MEBOEELUER
DTz HRERHRE LTI, TF/ VYV OAIVERE R AF I VICL BHIBBAT &
F—Y ABRICE B Cadf F VRAHBOMESPFETEL, 77/ V7 e AFVVH
WCERBHROYETH VEWEHADOER LA, HLLERELLHRER (A-HE) 3E
RIEFATTREE Bb/z, $ 72, Camitine, 7 I / BEIC L A BEMBORBHEHOLFELT
Hh, ERT7T—FEEIC, BEFTSHICERICHLEBIFLERZH TV,
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O RS O.OIREE L £ DORERF DRES
B RAEGI & FLIRAEGI D LB

REZFERKRE R CRILEN TR RS/ NET R

FAR W AHRE. EFE—, EREANE. FHIEXR, BEFE., &RBIELS. b S,
RIS, BN, REELL, FTHERE., %, B £

[E#9]

HERICHT LI MOEEIREMELooH 54, ERIBEHRET S LS HICHENE
INns, AMPEBROMESZHLMITA-01C, BONBREEHO. s = a—
WCCEHME L. ZEEBITFETHWTEFORERF o, AL FLIRF L THE
L7

(x5 i)

A BB UATRES] 24 61 (d-TGA15 B, DORV1 #l , TAPVR6 %1, VSD1 #l). FLIB 33 61 (d-
TGAS5 #I, TAPVR3 £l , VSD12 4l , VSD+CoA,PAB 7% 4 f5l , Truncus Arteriosus2 1 , TOF3
, TOF+PA1 1, ECD3 %) |23\ THT AT & Mz 28 (RSVEIRBERL 4-8 B 1R) ([CT a0 —
WS TEZILERIEE (EDD,%normal) , Fractional Shortening (FS) , Stress Velocity Index (SVT)
LR R I E EHBEE (WTd, %normal) , PUERLABEIC D ESWS) ZFHAIL 72,
WHREMHOES, SVIZNEFROHERF* A7 v 77 4 XEEERREY BOET L7,
BT & -HFiE, #ETD FS, EDD, WTd, WIJ/EDD It , £ 2 /KME I , KERERT
R, WM DESWS, 772 — V7 I VERAETH 5. KEVRER  O.CHREEIC
W EBFTEH, Cold GIK % VY72,

[ER]
.40

iR RO FS WEHTERF 0.08~029 (P
0.19). FLIBEF0.12~0.36 (F350.23). SVIidET
A BB -4.57~+2.95 (F34-0.93), FLIEEE-3.95
~+4.95 (‘F¥]+0.86) Ta o 7= (p<0.05.,Fig 1)o
BraE BB TIIMED FS, SVI & b IZKEIIRE
WrEFE (0~13043) L HE % (p<0.05) BNA R
BZ/RL7Z (Fig 2,3)e —F. FLEEETIZFS, Neonate Infant Neonate  infant

o
o
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o
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Neonate : Neonate

.30 4.0
9 R =-777 (p <.0001) R =-759 (p<.0001)

postop Fractional Shortenning
@
postop Stress Velocity Index

RERE
12 4
6.0 4
10 ®
08 . : . : — —9 0 -8.0 . ; ; . - . :
0 20 40 60 80 100 120 140 0 20 40 80 80 100 120 140
Aortic Cross Clamp Time (min) Aortic Cross Clamp Time (min)
Fig 2 Fig 3
Infant Infant
40 10.0
o @ 5] R=.114 (p=.53) @
£ 35 4 2 » 8.0 4
€ o T °
2 304 %45 0 £ 804 4 e
15} 8 ) z ‘o ° o
£ = 40 A @
& 25 4 2 o o 3 ° o
= o S
T 20
€S 204 ° %% @ ° > ®
2 @90 2 @ & (& Q.0 o
5 o ° Q@ 00 t-g - —-
S 15 A o = ) 2
ey ) N 20 4 ° P@° o 2
a @ a ®
g 104 e 2 40 1 e
8 R=-234 (p = 19) g ’ o
Q .05 T T T T T T T T T e 50 . . . : r T - . r
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Aortic Cross Clamp Time (min) Aortic Cross Clamp Time (min)
Fig 4 Fig 5

SVI & b REDMRERTRE (0~1724) & @ﬁ%ﬁaim&bf WEDFSHBWHRIOFS L HE R
IEDHE ZR L7: (Fig 4,5)0 FAEREIIBITBWMBEDOFS, SVIOHERF T AT v 7
T A XSEERFEELT BT L72ER, FSITRBIRERER , g7 a -7 IV
HRAERABEFEEZEOMBEZ /R L, SVHIIREMRERKEM E FELEOMBEZ /R L7
(Table 1), FLIBBEIC BT BB DOFS, SVIOBRERTE AT v 774 XELEEMFEEZH
WIEAT L 7o RS . FSIIAMTRT D FS,EDD & AE LA A /R L. SVIIIMAIOFS L FEDIE
DA %R L7205, KRENIRERTRRFE & OAHB nu&bt,cyb\of:o (Table 2)

Multivariate analysis of the predictors of LV Function Multivariate analysis of the predictors of LV function

immediately after operation in Neonate immediately after operation in Infant
Predictors of Fractional Shortenning Predictors of Fractional Shortenning
Variable Standardized coefficient p value Variable Standardized coefficient p value
Aortic Cross Clamp Time (min) -0.87 <0.0001 preop fractional shortenning +0.47 . 0.0049
Number of Inotropic Agents - 0.47 0.0060 preop end-diastolic dimension (%normal) -0.33 0.0429
Multiple R = 0.90 : Muitiple R = 0.68
Predictors of Stress-Velocity Index Predictors of Stress-Velocity index
Variable Standardized coefticient p vaiue Variable Standardized coefficient p value
Aortic Cross Clamp Time -0.75 0.0109 preop fractional shortenning +0.44 0.0229
Multiple R = 0.75 Multiple R = 0.47
Table 1 Table 2
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[Z4%]

P4 L RBIIRERTRER 2 TTRE 2 PR D 4ME T 5 X D 1280 T B A, HAERICBIT A5G
Wik Y O ORI, FUBICHARCBHERETH - T d RBIIRER RO EE © i
(R, BIEDLHREEIZHAER IS L CRRBEIRTS L Z 2 N EMFEFREE
OB L& BT, REOH QR Z IIGE L7287 L v LA R 38 00 B ZE (3 AR JE BR LAl
DA EICERELEZZ LN,
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RKALKHIIBUT AL ATV ORERNRE LCHREEOETE pH ICET 5
EERBIRRET

R FERARERE B A CRIEF 7 AT g R/ e st B

MAE— FA . BILUES, RAERES, g8, § ffE SRE0.
AR

ZE

CLAFT I, EFHBENOAEN pH TH 2 6 3 E TREEA L. 7 F—
VAEHETAILICL D OHRENREEET A L HREINERICHSIN TS, &
O, RPLHICBITHEAF TV OR)E L pHOBERD & VEAERF &L R#ED E#E pH
B LEBRMIRET 21T o 720 FE I FTAREKR (n=25) L%, HHELLEIE D non-
working Langenndorf [ E& {23658 L 720 BEFEMICIE S%CO2 DIRE H A TERFEAL L 72 Krebs-
Henseleit A2 AV, IREREI 21T o720 3T —HT—TNEMBRAZT T v 7 AN
W— VR EZEMICEE L. KT A L ICE W AEZEREY RS ¥., EXIROL
FAEZHIE L Z IR RE & o SRR = A7, (LA B ETE R ICN—Z F A
vEHIER, 105HETISCE CERGHL., L%z 20CT3RFEEME L, LifRE
WiE 4 TTI0HEICITES Lo, BERERE. 150, 30010z HlEL, X—2F
A v EFEEICOERE (%) ZeHliL7z, FHLOCHRERICL VU TO4REZREL
7z L PRFEIC St Thomas VR B (pH © 7.4) % fEFH L7-#f. St.Thomas ¥ |Z L-histidine &
L-histidine - HCl % Z 2N —EDEEIMZ ., pH% 6.2, 68, 74 37TCREHIE) ICFR%E
L7-3%, #R  E£EREE (DP) Tid., L-histidine % 12 pH % 6.8 \ZFA%E L 7= histidine-
6.8 BEAS. FFHEVE 1512 107.3 £ 9.3 &, St. Thomas EIH D St.Thomas-7.4 FE D 82.8 +
3.7 £ . L-histidine % I X pH % 7.4 |\Z#%% L /- histidine-7.4 #£® 87.9 £ 4.8 &£, L-histidine
Nz pH % 6.2 (\ZF%E L 7= histidine-6.2 FE D 69.0 £ 7.5 ICH~_AEE (p<0.05) [ZRHF%
WEL/RL, BEK305HDDP T4, histidine-6.8 B © 109.6 = 12.8 #%, St.Thomas-7.4
#¥ . 80.1 £ 10.5. histidine-7.4 & : 77.0 £ 5.3, histidine-6.2 & : 56.7 = 10.9 L B EIZ BRI 7%
WEZR L, BERISOHROLEZERERED—KMS (dP/dt) Ti. histidine-6.8 7 ; 114.9
+ 9.9 %%, St.Thomas-7.4 B : 87.9 &= 4.2, histidine-7.4 &F 92.4 + 5.0, histidine-6.2 B : 70.9
+98 LABEICEHLWEL/RL ., BEM305# D dP/dt T . histidine-6.8 B : 112.5 +
12.7. St.Thomas-7.4 # : 81.3 = 7.6, histidine-7.4 ¥ : 83.3 £ 5.0, histidine-6.2 & ; 64.8 +
104 ICEFABEICRHZUEFE R L, LEIRBREOIREL L T, LIBREERT %-dP/dt
T, histidine-6.8 FFIC BT, BT 1553 - 30014 & T 3BEICH A, BEICE
CHREEEZRL, MW BRI, EAF UV ORBLHICHT B LHEECH AT
TRL. ZORNREPH EDERLBEZRIET 5 b DT, LHRERDEFpHIZ 74 Tid
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<. EEAMEApH TH 5 6.8 1FETH 5 I REHEATRIZ S N7z

F—U—F IRAFUY RM. BER. RBLH. TS FVTETV

T LDIZ

HEEDLHREEDES IR OTEETZEL{mMEL
D0H AN, FEREFTIL, ERE O REIRERTR OO

CH o CHCOOH

vt ~ © O
T T

RRARETOHREIRTHEDOHRL bOTIH AL, HFE N~ NH,
CAFUY (1) it 204 I ¥ — VESESMEA  imidazole
DHEIEK pH TH 5 6.8 ¥ TMLHE & FkED @B VEEEH % M1
L0 RES R e o3 5 & Hi S, Bretshneider &1
EBARRH SN TS, i
S[E], RE 28 VDR A [
5. TERERE &L ARED EE pH 1B L EERMIRET 24T o K
720
0 0.5 1

FEEhD, HY
BH (M2), MEAICAYD 7Y F—Y A2 HET LI L2 P
protein-i@
AE. RILHICBI AL AF VY OME L pHOBED 68
X2

R ETTE

1. EERENY) & EERE TV |

EEREY L LT, £ERS5~10HDOKE ((AE 70~90g) %*. MHEE(EAIZ25S TEAL
720 BREE . pentobarbital (0.2, 2i) ZFHW, 0.11DAS) v & & LIEENICEA
L7co BEMERT., MERMEBICKIC LR 2o/ ST, B CLEZHA L, 4Co
ABAEEKIZE L, ((MELEDH, Krebs-Henseleit VA % L 12 V> 72 non-working € 7
)V @ Langenndorf MB35 L 72, B SERBE E CORMIZ 245 NI T2 720
I, Gk AVIRERE 21T o 72, 03, ERERTE N SR, &
WML FREDEBAEEKICEL, LHRTEREDORE LR LIS 572, Krebs-
Henseleit VA D ALAIE . NaCl, 118mM/L ; NaHCO3 . 25mM/L ; KH2PO4 . 1.2mM/L ; KCl.
4mM/L ; MgSO4 . 1.2mM/L ; Glucose, 25mM/L T. 95%02 . 5%CO2 D& H AT 37
CTBEtTzIT o720
2. 7— % DllE

FHLODAZERNIC I T —# 7 — 7 )V (Millar microtip catheter mpc-500, Century Medical Inc.)
TRARATET T 7 ANV—VEEE L, NV — Vv NICEE KT EHEKTAZ EICL
WEERBZZLS ¥, EFHFOLEALLRIE L7, HEIiE, AARLEHED
M%%Gﬂ&?yf&mmwﬁvyft%ﬁmbtoE%Wﬁ%5®%EtLT\E§

page 18



FEHETE (developed pressure, DP) & # D —k#4 (dp/dt) . ¥ 7-3E3EFEAE AT 10mmHg (&
i EE) TOEZEREE (DPVI0) . AEHEMADIEL LT, -dp/dt 8 & UL
BEFRMAEAT 10mmHg TONV— U HE (V10) & F~<7-,
3.EBOTONa—b

4 [ % Langenndorf MIEHER E 7T IVIZEZE L EZRN IV — Y BASE T#37CICTH
ISOEEREITVWKERREEZRT, R—ZAI5 4 YOBIEET o720 N—AT A4 ¥ Dl
E. Bz 105 B TISCTE THA LIERGEE, ERzEE L, LHEFEEAR
AR L, LHImR20CTIRMELE L7z, LA RERIZ4TCTINNEICHRS L E
BOERET., BERERRE. 159, 300 ICEZER/NIL— 2T EIE L, O
BT EEREICEE LN 7 2 L8 EEE®FM L7, L0 RE
EICE DU T4 EETRE L, T bbb, LAFREICSt Thomas B A FEH L7276
% St.Thomas-7.4 # . St.Thomas #& | L-histidine120mM/L & L-histidine - HCl 60mM/L & 1
ZpH % 62 (37T CIRERIE) ICFR% L 72 5 #l % histidine-6.2 ., St.Thomas ¥ L-histidine
150mM/L & L-histidine - HC1 48mM/L = il 2 pH % 6.8 (37 CIREMIE) ICHRELZ S5 =
histidine-6.8 & . St.Thomas {#& | L-histidine 180mM/L & L-histidine - HCl 18mM/L % il X pH
%74 BTCIRERIE) (T L7/ 8 #1% histidine-7.4 BE& L7,
4. fREti s .

REITRCROMERFOUEELER—RA T v LT, 2T 2EHEE
(%recovery) (Z TR L7z, fat BB FHELEERZTERE L. HEFFFENRE I,
ANOVA. FisherPLSD # F\>, p<0.05%28ZE & L7,

fE R

1L.R—ZAF5A4 vF—% (1)
NR=Z274DTF—=7id, 4 HEBTHBEL TEEEZFZD LI o7,

3< 1 . Baseline values

St.Thomas-7.4 Histidine-6.2 Histidine-6.8 Histidine-7.4
Max DP (mmHg) 58.1 £4.0 41.5 £33 50.0£79 584 £45
Max dP/dt (dyn - cm/sec) 99.6 £ 11.6 97.0 7.7 112.0 £ 20.0 105.6 =94
Max -dP/dt (dyn - cm/sec) -88.7 =114 -76.0 =4.0 -97.8 = 16.9 969 +7.3
DPat V10 (mmHg) 548 £5.5 29.5 £ 8.0 432 £99 519 £32
dP/dt at V10 (dyn - cm/sec) 92.8 £ 14.0 75.0 £ 19.5 91.0 = 21.8 94.0 £ 6.9
-dP/dt at V10 (dyn - cm/sec) -85.4 £ 12.1 -51.0 £ 16.8 -84.4 = 19.8 -85.1 £5.7

Coronary flow (ml/min/g) 2.1 £0.38 3112 1.9 0.6 1.7 =203
O: consumption (ml/min/g) 83.9 £ 9.8 91.5 £ 14.2 79.0 £ 84 78.0 £9.6
Heart weight (g) 0.47 £ 0.03 0.38 £0.03 0.43 £0.03 0.38 £0.03
Heart rate  (/min) 239 = 10 223 £ 6 232 £ 8 240 £ 2
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%dP/dt T, histidine-6.8 HIZB VT, FHEIT 15 51121149 £9.9% & . St.Thomas
-TARED 879 = 42% & | histidine-7.4 #F? 92.4 = 5.0% & . histidine-6.2 #? 70.9 £ 9.8%
ZHA BETFERICERICRE 2 EZ R L 72, 72, histidine-6.2 BFIZ X, histidine-
TARE., METFENICHFEICETF 2E 2R L7, St.Thomas-7.4 # L. histidine-6.2 &,
histidine-74FH £ N EN L IERBIFLHUELZ R LD, FETFAEEIRD LD o7, B
#E T 30 3£ D %dP/dt Tid, histidine-6.8 (2B W T, FEM 309H&IC 1125 £ 12.7% &,
St.Thomas-7.4 B 81.3 = 7.6% & ., histidine-7.4 £ 83.3 + 5.0% & . histidine-6.2 F£ D 64.8
+104% I, METFHNICHEEICBHF 2EEEL/R L7, 72, St.Thomas-7.4 &,
histidine-7.4 . histidine-6.2 B 121X, FEEIIAD L o7z (K4),
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%V10 TlZ. histidine-6.2 BEIZ BT, St.Thomas-7.4 #. histidine-7.4 F£. histidine
68EEIIER WEVABR TH o 7205, Mt FABETTODLICEES o7 (FT7),
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3 2 . Results
St.Thomas-7.4 Histidine-6.2 Histidine-6.8 Histidine-7.4
%MaxDP-15 82.8 =37 69.0 7.5 107.3 = 9.3 879 1+48
%MaxDP-30 80.1 = 10.5 56.7 = 10.9 109.6 = 12.8 77.0 £ 5.3
%MaxdP/dt-15 87.9 42 70.9 =9.8 1149 =99 924 £5.0
%0 MaxdP/dt-30 813+ 7.6 64.8 =104 112.5 £ 12.7 833 % 5.0
%DPV10-15 87.6 =+ 3.1 873 +21.2 115.7 =142 894 + 69
%DPV10-30 76.7 £ 59 68.5 = 12.8 1073 =119 789 + 8.2
%Max-dP/dt-15 77.6 £ 4.2 602+ 73 1014 = 10.7 822+ 45
% Max-dP/dt-30 69.6 =+ 6.2 462 +11.6 972 114 702 = 4.0
%V10-15 96.6 = 29 321.7 22023 117.6 £ 158 99.0* 3.1
%V 10-30 100.5 = 5.0 305.0 = 1804 127.1 % 197 975 =*x 34
z £

~ et da e

G — e~ -

histidine-6.8 £ iZ. St.Thomas-7.4 &£, histidine-7.4 #£. histidine-6.2 BEIZ LB EIZ BT 7%
LBERED[E1E % 7R L, histidine-7.48f & St.Thomas-74 B ICIZFEBEE I kDo 720 E 51T,
histidine-6.2 #£1%. St.Thomas-7.4 &£, histidine-7.4 &£, histidine-6.8 FE |Z L~ LAREE D BIE AT
ARETHDLIENRENT, THIE, CAF TV YORBOH T 505 RECR AHE
ZRY I, FORREL pH E OFELEELZ TR T 5 b OT, IEF .LHMBA pH A
37CTE6RTIETHAEI L. TY F—YATH L HVERZEEOEZMBOEFENL
DEWV2)3), HEWVIE, ANVT I LA VEEOFHERBEESA LV &EOERBEERR
H4) 5) REETHEL, LHREROEFEpHEBFETALENHSH LER HNT

page 22



BbHIZ
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748, pH % 6.2 |JFA%E L 7 Histidine-6.2 B IS NEEICETF 2 O EOEELZ T L1
2. TR EAF VY ORBLHIT 2 UCHREOFRMERY LI, £OHRE
pHEDHERELMEZTRRET L HDT, BE@EpHIZ74Tid %2, EFMEApHTH 5 6.8
LT 5 EEHENITRE S L7z,

E20—E0E. 1996F 2 A, 526 [0 B A LRI E L EE ﬁté(a%m)ubw
EERLT,

2% 3Rk

1) SwanH : The importance of acid-base management for cardiac and cerebral preservation during
open heart operation. Surg. Gynecol. Obstet. 1984 ; 158 : 391-414

2) Bing OH, Brooks WW, Messer JV : Heart muscle viability following hypoxia : Protective
effects of acidosis. Science 1973 ; 180 : 1297-1298

3) Bonventre JV, Cheung JY : Effects of metaboric acidosis on viability-of cells exposed to anoxia.
Am J Physiol 1985 ; 294 : C149-159

4) Nayler WG, Panagiotopuslos S, Elz JS, Daly MJ : Calcium-mediated damage during
postischemic reperfusion. J Mol Cell Cardiol 1998 : 20 (Suppl2) : 41-54

5) Panagiotopouslos S, Daly MJ, Nayler WG : Effect of acidosis and alkalosis on postischemic Ca
gain in isolated rat heart. Am J Physiol 1990 ; 258 : H821-H828.

T Bk

Effects of histidine and pH during hypothermia on recovery of myocardial function after cold

ischemia in neonatal rabbits.

Junichi Kashiwagi, Mituru Aoki, Yoshitaka Sugiyama, Shintarou Nemoto, Kazuki Sato, Chang

Dehua, Yoshinori Takanashi, Yasuharu Imai

Department of Pediatric Cardiovascular Surgery, The Heart Institute of Japan, Tokyo Women's
Medical University, Tokyo, Japan

Purpose: This study was undertaken to study the effects of histidine and pH circumstanse during

hypothermia on the recovery of left ventricular function after cold ischemia in the neonatal rabbit
heart.
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Methods: Twenty five isolated, crystalloid perfused neonatal rabbit hearts using Langendorf model
during hypothermic perfusion. That is St.Thomas alone for caldioplegia (ST-7.4) : 7, St.Thomas
with L-histidine 1**mM/L and L-histidine AEHCI**mM/L(H-6.2)(pH: 6.2 (37Aé)): 5, St.Thomas
with L-histidine 150mM/L and L-histidine AEHCI 48mM/L(H-6.8)(pH: 6.8 (371°\é)): 5, St. Thomas
with L-histidine 180mM/L and L-histidineHCI 18mM/L(H-7.4)(pH: 7.4 (37Aé)): 8. The pH was
controlled at each measured at 37A¢é regardless of the perfusate temperature as the grope protocol
, by altering carbon dioxide concentration in the oxygenating gas to the perfusate. The left ventricular
maximum developed pressure(DP), dP/dt, and -dP/dt were measured before ischemia (baseline)
and at 15 and 30 minutes after reperfusion. For statistical analysis, ANOVA and Fisher PLSD
were used.

Results: The following results are shown as percent recovery of the baseline values. The histidine-
6.8 group showed better functional recovery than thye other groups. DP: 107.319.3 (H-6.8) vs.
82.813.7 (ST-7.4) vs. 87.9+4.8 (H-7.4) vs. 69.0£7.5 (H-6.2) (p<0.05), dP/dt: 114.9+9.9 (H-6.8)
vs. 87.944.2 (ST-7.4) vs. 92.4+5.0 (H-7.4) vs. 70.9£9.8 (H-6.2) (p<0.05), %DPV 10: not significant,
%-dP/dt: 101.4+£10.7 (H-6.8) vs. 77.6+£11.0 (ST-7.4) vs. 82.244.5 (H-7.4) vs. 60.214.2 (H-6.2)
(p<0.05), %V 10: not significant at 15 minutes of reperfusion. DP: 109.6+12.8 (H-6.8) vs. 80.1%+10.5
(ST-7.4) vs. 77.0£5.3 (H-7.4) vs. 56.7£10.9 (H-6.2) (p<0.05), %dP/dt: 112.5+12.7 (H-6.8) vs.
81.3%7.6 (ST-7.4) vs. 83.31£5.0 (H-7.4) vs. 64.8£10.4 (H-6.2) (p<0.05), %DPV10: not significant,
%-dP/dt: 97.2+11.4(H-6.8) vs. 69.6+6.2 (ST-7.4) vs. 70.2+3.9 (H-7.4) vs. 46.2+11.6 (H-6.2)
(p<0.05), %V10: not significant at 30 minutes of reperfusion.

Conclusions: This study showed that histidine has potential of usefulness for improvement of
recovery of left ventricular function after 2 hours of cold ischemia in neonatal rabbit hearts. And

this study showed that optimal pH is not 7.4 but around 6.8.

Key Words  histidin, ischemia, reperfusion, neonatal heart, Langendorf model
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V30 RICEEN NIV — VIS TCUBEEDORIEE 2 5l L 72, BEREICK-HEZEAL
7-KE (n=8). fiaBFE b oL gt L-FEEmEFH LB 0=7). BILEKKEZE
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MEZA< 21> h20% & L7-RBCEE (n=6) THEL 7z, LA PRI St. Thomas ¥ % 30
SEIRS Lz, METEREEITEOT v,

[##]
B IMAE{ED %Recovery (mean £ S.E.) (Z TR,
kel IHE K & B & W B S & RBC &% p value
154 mDP 104 6 84 X8 125 £ 1 94+9 11310 0.02
mDP/dt 109 t6 89 +7 12810 95+11 112 %11 0.02
m-DP/dt 97+6 -69t5 -110%X12 -82+*9 106 x11 0.01
DPV10 1077 7610 12312 10921 1037 n.s.
DP/dtV10 108 £8 87 8 12011 101 £17 9910 .s.
-DP/dtV10 -93 7 -69+t6 -107%£12 -93+19 90+ 11 n.S.
304 mDP 1036 82%7 11510 956 109=*11 0.04
mDP/dt 1056 84 X7 115+10 1007 115%10 0.05
m-DP/dt 93+7 -67%x5 -100+13 -85+6 103 %11 0.05
DPV10 1028 7510 103*x14 108+*£21 95+8 n.S.
DP/dtVI0O 1028 84 7 106 13 109 +22 94+X7 n.s
-DP/dtV10 -87 8 -67 X5 91+t14 95+17 86=L38 n.s.

DP: EZEZ A, V10: EDP10mmHg & 72 5 /3L — VA5 f&
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Effects of Hemofiltration of Priming Blood
on Postbypass Renal and Cardiorespiratory Function

in Neonates.

Mitsuru Aoki, MD, Yasuharu Imai, MD, Yoshinori Takanashi, MD, Shuichi Hoshino, MD, Mitsugi
Nagashima, MD, Masafumi Yashima, MD.
Department of Pediatric Cardiovascular Surery, Tokyo Women's Medical College, Tokyo, Japan

Summary

Bank blood contains toxic metabolites such as NH3, as well as a cardiodepressant, citrate.
Activation of chemical mediators such as complement and bradykinin begins during recirculation
of priming blood in cardiopulmonary bypass(CPB) circuits before initiation of CPB. These
substances can be washed out by hemo-filtration(HF). Effects of HF of the CPB priming blood on
urinary volume(UV) and bicarbonate requirement for correction of metabolic acidosis(BC) during
CPB, and postbypass alveolar-arterial oxygen tension difference(AaDO2) and maximum serum
creatinine(Cr) levels were reviewed retrospectively in 38 neonates with HF and 42 without HF, in
a consecutive series of corrective procedures under continuous hypothermic CPB(26°C, flow
rate:100-120ml/min/kg). Immediate postop cardiac function was assessed by echocardiographic
stress-velocity index (SVI) in a subset who underwent primary arterial switch for d-TGA with
intact ventricular septum(n=29). HF was performed during recirculation in the circuits before
CPB using Toray HF1.0U® hemoconcentrator, and fourfold volume of the priming blood(800-
1200ml, 2-3 days after donation at Japan Red Cross) was replaced with a physiological crystalloid
solution. Fluid removal during CPB by the same hemoconcentrator was performed to maintain
adequate hematocrit levels in both groups. Results: During bypass, the hemofiltration group had
significantly better urination (2.5+2.8 vs 1.3+1.7 ml/hr/kg) and less bicarbonate requirement for
correction of acidosis (2.843.3 vs 4.3+2.9 ml/hr/kg). The alveolar-arterial oxygen tension difference,
was smaller, that is better in the hemofiltration group than in the control group at 2 hours (272+108
vs 3712124 mmHg, p<0.05) and 12 hours (292118 vs 3944103, p<0.05) after bypass. The stress
velocity index was better in the hemofiltration group than in the no HF group (+0.21£1.52 vs -
1.20+1.57, p<0.05) 4 hours after cardiopulmonary bypass. The creatinine levels measured at 12
hours after bypass were lower in the hemofiltration group than in the control group (0.94+0.21 vs
1.09+.27 ml/dl, p<0.05), and the postbypass maximum levels were also lower in the hemofiltration
group than in the control group (1.0040.27 vs 1.44+.85 ml/d], p<0.05). These results suggest that
HF of the priming blood prevents shock during CPB and improves postbypass renal and

cardiorespiratory function in neonates.
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Background

Early repair of congenital heart defects has been a trend. However, open heart surgery in the
neonate is associated with an increased morbidity, because they are more at risk of postperfusion
syndrome, characterized by generalized edema and depressed multiorgan function. Previous studies
have suggested that this syndrome is a consequence of systemic inflammatory reactions triggered
by cardiopulmonary bypass. There are reasons why the neonate is more susceptible to this syndrome.
One is the large circuit foreign surface area relative to the body weight. Another factor is the Bank
blood priming. Because of large priming volume, blood priming is almost inevitable in the neonate.
However, the Bank blood contains toxic metabolites such as anmonia, as well as a cardio-depressant,
citrate. Moreover, activation of chemical mediators that trigger the inflammatory response begins
during recirculation of priming blood in the circuits before initiation of bypass. These substances
can be washed out by hemofiltration. The purpose of the present study is to investigate the effects

of hemofiltration of the bypass priming blood on cardiorespiratory and renal function in the neonate.
Patients and Methods

We have reviewed a consecutive 80 neonates undergoing corrective procedures under
continuous hypothermic cardiopulmonary bypass(CPB) during a period from 1990 to 1995. The
cardiac lesions include total anomalous pulmonary venous connection, d-transposition of great
arteries, and similar anomalies. Thirty-eight neonates had hemofiltration of the priming blood
(group HF), and 42 neonates did not (group no HF).

Urinary volume and bicarbonate requirement for correction of metabolic acidosis during
bypass, postbypass alveolar-arterial oxygen tension difference(A-aDO2) calculated at 12 and 24
hours after completion of bypass and serum creatinine levels measured at 12 hours and 1 to 3 days
after bypass were compared between these two groups. Immediate postop cardiac function was
assessed by echocardiographic stress-velocity index (SVI) in a subset who underwent primary
arterial switch for complete transposition of great artery with intact ventricular septum at 4 to 6
hours after completion of CPB.

In the HF group changes in electrolyte composition, citrate, bradykinin, C3a, and elastase levels

were measured.

Method of cardiopulmonary bypass and hemofiltration:

The bypass circuit consisted of a membrane oxygenator (VPCML, Cobe Inc, USA), arterial
(VPCML) and cardiotomy (Dedeco) reservoirs, two roller pumps for pulsatile perfusion and control
of venous drainage (Tonokura Ikakogyo, Tokyo), suction pumps, and a hemofiltration system using
Toray HF1.0U® hemoconcentrator. The circuit was primed with 800-1,200ml of CPD Bank blood
2-3 days after donation. Hemofiltration was performed during recirculation in the circuit before

cardiopulmonary bypass and fourfold volume of the priming blood was replaced with a physiological
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crystalloid solution. Fluid removal during bypass was performed by the same hemoconcentrator to
maintain adequate hematocrit levels (around 30% during hypothermia and 40% at the end of
rewarming) in both groups. There were no statistically significant difference in the amount of fluid
removed during CPB (560£58 vs 480+120 ml). The bypass flow was 100 to 150ml/kg/min and
moderate hypothermia (rectal temperature of 26 degrees Celcius) was employed. Alpha stat strategy
was used by adjusting oxgen and air flow to the oxygenator by monitoring blood gas analysis at
least every 15 minutes. Metabolic acidosis was corrected whenever encountered by blood gas

analysis by injection of bicarbonate solution.
Results

1: Effects of Hemofiltration on composition of priming solution

The the effects of hemofiltration on composition of the priming blood is summarized in
Table 1. Before filtration, the prime contained high levels of citrate, ammonia, and bradykinin,
however, these toxic substances were significantly reduced after hemofiltration. Electrolyte

abnormalities were also corrected.

~Tabel 1
before HF after HF p value

Citrate (mg/dL) 2.9+0.1 03+05 <.01

- NH3 + (g/dL) 172.5£26.1 429+ 34.6 <.01
Bradykinin (pg/mL) 3425+ 1627 676 + 405 <.001
Na +(mEq/L) 1606 1385 ' <.01
K +(mEq/L) 5.9+0.7 2.5+0.9 <.01
Ca 2+(mEq/L) undetectable 0.05£0.01

2: Effects of Hemofiltration on urinary volume and bicarbonate requirement (figures 1 and 2).
During bypass, the hemofiltration group had significantly better urination (2.5ﬁ.8 vs 1.3%£1.7
ml/hr/kg) and less bicarbonate requirement for correction of acidosis (2.8+3.3 vs 4.3+2.9 ml/hr/

kg).

Figure 1 Figure 2
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3: Effects of Hemofiltration on postbypass

respiratory function (figure 3) E 40 Figure 3

The alveolar-arterial oxygen tension EE“"‘
difference, an index of pulmonary gas exchange gé 3504 p<0.01| o \oue
was smaller, that is better in the hemofiltration %g 300- p<0.01 & HF
group than in the control group at 2 hours EE »so ] {f///‘%
(272£108 vs 371124 mmHg, p<0.05) and 12 &
hours (292+118 vs 3941103, p<0.05) after S 200

postCPB 2hrs postCPB 12hrs
bypass.

4: Effects of Hemofiltration on postbypass cardiac function (figure 4). A

The stress velocity index was better in the hemofiltration group (+0.2 1£1.52 vs -1.20+1.57,
p<0.05) 4 hours after cardiopulmonary bypass.

5: Effects of Hemofiltration on postbypass renal function (figure 5).

The creatinine levels measured at 12 hours after bypass were lower in the hemofiltration
group than in the control group (0.9440.21 vs 1.09+.27 ml/dl, p<0.05), and the postbypass maximum
levels were also lower in the hemofiltration group than in the control group (1.00+0.27 vs 1.44+.85
ml/dl, p<0.05).

Figure 4 Figure 5
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@ 1.0 5
= 1 £ 0.5
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Comments

These results suggest that hemofiltration of the priming blood prevents acidosis and origuria
during cardiopulmonary bypass and improves postbypass renal and cardiorespiratory function in
the neonate. Hemofiltration effectively reduced the high levels of citrate, ammonia, and bradykinin
in the priming blood and crrected electrolyte abnormalities. Bradykinin is a strong vasoactive
substance produced by activation of the contact system that increases vascular permeability. During
bypass, the hemofiltration group had significantly better urination and less bicarbonate requirement
for correction of acidosis. These suggested a better renal and peripheral perfusion during bypass.
The lower creatinine levels measured at 12 hours after bypass and the lower postbypass maximum

creatinin levels in the hemofiltration group suggest preservation of renal function. The pulmonary
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gas exchange is known to be impaired after cardiopulmonary bypass presumably by edema of the
alveolar wall. The alveolar-arterial oxygen tension difference, an index of pulmonary gas exchange
was smaller, that is better in the hemofiltration group than in the group without hemofiltration. The
stress velocity index, a load-independent index of contractility, was better in the TGA with IVS
with hemofiltration than in those with hemofiltration.

It was reported previously that hemofiltration during CPB imporved ???? during CPB and
after CPB. However, the present study focused the effects of manupulatioﬁ of the priming blood in
the neonates. In a prevous study we have found that activation of vasoactive and inflammatory
substances begins during recirculation of priming blood in bypass circuits. Because inactivation
systems of some of substances, such as angiotension converting enzyme system for inactivation of
bradykinin, are absent in the circuit, the level becomes extreamely high. The high levels of activated
inflammatory substances continue after initiation of CPB because of the large priming volume
relative to the circulating blood volume in the neonate. Therefore it is begin hemofiltration during
circuit recirculation.

From the results of the present study we conclude that hemofiltration of the priming blood
prevents acidosis and origuria during cardiopulmonary bypass and improves postbypass renal and
cardiorespiratory function in the neonate, and can be a useful adjunct to the neonatal open heart

surgery.
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RPOLHHIIN T ABEMOFE—IEE M & E M AETERE

HRA R FERKRERE B A ORI ERD FEH 1 R ie/ e B

A, KEFER, BAEKRE, KAEEZ., EFE—. 8 EFA. $HE

i
T

E =1

BE  ALOMOBEMIC L A2EEEIZL AN TWED, LHFFICREOHICRIZT
FEOKRFIIIWELE SN TRV, BN OV FDEk A + VIXESEBEOELES
i, EEL., FICBENFERBEELHET 2EEREIH 5, 4SHEFKL 1L, TOMEIL
L CEMASCERICKIZT ZEZEENRR RN FERRFICBWTRRAZLZH
WEERHICHRE L7z, HEE A% 8-10 HER B AL Langendorf L E 7 )V (Krebs-
Henseleit & Uit non working) % A\, miller 7 7 — 7 VAR NI —  ZEERITHE
ALBREEZ TS HIEEM (baseline 1543, 3043#) KU St.Thomas L EFREBIZ L 5
18043 D I AT (FRHEN 155, 3057%) D.04EEE (DP . LV developed pressure,dp/dt,-dp/
dtEDP) % HlEL. BECREICHT2EERLEH Lz, £ 2 KR GEEM., w1l
(—). N=9), HE (GEEIL. baseline IEHEMIC L 5 free Hb (lmg/dl) Z @M. N
=8, K-I# (M., &M (—). N=10), RO H-I# (B, FEFEIC free Hb ¥0.
N=7) THIEL. KBRE L7 CEBIVBETI 2R s adRkEMEE L. BHFRE.
BRELD ., CHRFEHEEZ RO, BEEREICIS unpaired T test & VT2 2 72,
FETBEIT T E S FERETE L 72 BRE L repeated measures ANOVA 12\ THT 2 72,
p<005%HEL Lz, #E .  developed pressure D BHEN#% 15 SO EEE (%) 12 K
B 1003 + 544 HE 853 + 687 K-I1#£ 1062 + 6.05,H-1& 71.4 £ 6.17, 307K K#F98.8
+ 5.51,H&F 79.7 + 8.05K-1 & 104.5 + 533, H-I1E 60.9 = 7.51 (P =0.004), FARICFEEIT
#% D dp/dt D Bz KAE %recovery Tdh 5, FENLE 1SDRORIEE (%) 1T KH99.7 £ 627 H
B75.1 £ 6.12,K-1E109.9 + 5.18 H-1 B 66.5 = 7.18. 30 5-EFiE K ¥ 1002 = 6.27,HEF 67.9
+ 7.37,K-1%106.9 + 5.02,H- 1% 53.9 £ 7.95 (P < 0.001) T&d o725 V10 T developed
pressure O [E{EEE (%) I HERE 155 CTK ¥ 100.6 £ 7.53,H# 78.5 £ 7.63 K-1# 110.5
+ 10.85,H-I18F 72.5 £ 527, 3043fEI1X K #£99.8 + 6.65HE 67.8 == 7.41,K-I#E 105.1 = 10.40,H-
18 59.4 + 820 (P=0.0019), IEBRAE % 7R3 -dp/dt DEIFE (%) 13 15 5B K B 99.4 =+ 6.09,H
BE76.0+552,K- 18984 + 537 H-1B£ 65.7 = 4.65, 300 Z K& 953 + 5.06,HF 66.4 =
7.00,K-1E£93.8 =538 H-IEE61.0 £7.29 (P=10.0001) Tdh o7z, HEEIX KB, HIFIL
KIFICHL, FEECEETH VFICHIFETELLREIFRRETH > 72,

B BT OHEEEZERL., BICENFERBELBEIE, Lo T, BKT
AT GHICE BBEMF NS 7u VR L ERBRRATICILEEEZ DN
FE|IHE AN BOEER AlERCHEES
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i L O

4B, BIMERIIF OB FER L L THEIfTbNA L) ko720, REFHOF
SMEERICHE ) IS 2 TER FRHIIS L BRETH b, FIMERPOBEMIZE > T
LR OERHEANEI DY Y (Hb) iE, Br OMBEHEOEREZR LN TV
1) 200 FBMICL ZEEEIILAMONTVED, L, FICKRALHICRIZTEE
DIREIERZ 2 EN TRV, FILIC L 2 EREREORFIL, BEHANTI/OEVFD
GAT D, MEEET A, EUHBRICLZDDLEZLNTED 4)5)6), BEEELF
HOBF CRILAERE I FIIC L 5 MEREESBZ AW REIZELONE, £2T
A[al, FAIZBEMAFEE M R R EERRF ICB W TSR ICRIZTEE T, KRR
ol w W TERMICHRE L7,

WNHEB LU

EEBEFTL (K1)

EERENY I ER 67T HORRE (RE 70— 90g) ME% f#FH L 725 FRERI Pentobarbital (2mg)
WV, 0lcc DAY EIITERERITEA L7z, BERER T, BERBICKGL % <
ol-BEETHIL COEBEZME L, 4 COEREHEKPIZER LIOEEEDE, Krebs-
Henseleit {51 % BT (2 V2 72 Langendorff BB 122635 L7z, B S ERFMG T TOR
B2 LA TIT o 720 BEFEIE . WiRKAE 2 VIR A 247V, fd-O ISR E
HERELANIERE & FIREDEBAIEKIZE L., IRE % —F 2R o 72, Krebs-Henseleit
AW DHLEE NaCL, 118mM ; NaHCO3, 25mM ; KH2PO4, 1.2mM ; KCL,4mM ; MgS04, 1.2mM ;
Glucose,11.1mM T, 95%02, 5%C0O2 DIREH AT 37" C THR{ILEIT-o 7

7 — % HlE
T ATHER LNV -V 2 EE L VEZEMICHAL, SV—YRICEEKRE

EATAHI LI VEZEFEZRLSE, EREROLEEALEDOELE NNV —VAE

DEALLE LTHAT—TNVF v 77 A7 2—4%— (Millar microtip catheter MPC-500,

Century Medical Inc.) (Z Tl L7z, HI%E Model

13 BAKEEAID AP-630G MFET ~ 7 Krebs- Henseleit bicarbonate buffer solution

L 60IGHT T ¥ T A LT, EENHME B ‘ ﬁ 5% 02

e L TAEZERAEE (developed pressure, P::

DP) & IR ZEAEZEALE (dp/dy D%

NENEKRE Max) B & REIMLHTN— A

54 ¥ TEDP%%10mmHg & 7% 5 & & DL

EASV—VER (VI0) TOEE., H1E [
te L L TR L EANEE(LE («dP/dy) | L] Bl

Heat exchanger
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EDP72S10mmHg & 72 % &£ EDLERNLV— VY HFEVIOZHE L2 LB ViET T 2%

rEEIREREE L, EMLitE (CBF)., B#REFREL D LICTROKIIKE > TLH

BREHEE MV02) 2RKD/213), LHEBIIERKTH, EEEZE, LEHRE. £

= HHEEIZ0E L Sartorius THELEFRKFE A120S = AV EHEI L 72,

MVO2 (ml/min/g) = (SEIREEL R & & - SHIREEE S E) x CBF/ LIEER (g)
MREEE (ml/dl) =1.39 x Hemoglobin J# & (mg/dl) x (BRZEIFIEE (%) /100) +

0.0031x PO2 (mmHg)

B, R=V VLB LHAKEO Y b — Vit e h o 7

EBEISO -V (X2) 2
%ﬁ‘ﬁi}%%’?%’b x Langendorff @E% Kﬁ Normothermic stabilization
W BP0 — VAR 3TTISTH || skt et sensein obton
15 SRIER LRERREL LTH o< — |5
A4 DUEZITo 72 (T,
34 E@%EL%X%'L‘ %;, ?d-% KD\—F 4 180] 180 min Hypothermic Ischemia with St.Thomas Solution
BECST EBR R AT o 720 FEMBIML, I (1) [T Reperfusion  GrovP 7 LR L Lo
DK ﬁ; <N = 9> T ‘i‘ 37C ® Krebs- |18 g:gldg m E:-I-(llls;he(rs]::ah)emia)
Henseleit (’%3{?50: T15 ﬁ}ﬁé{}?ﬁ % ﬁ H'EF{ - Measurements at 15 min after reperfusion
UHRRESEDUEZ To 72, EHITISH |1
FER T T, 3EODUEZITo 72,
JERRML, &I (+) DHEE (N=8) Tid,
NR=2F7 A4 VHEREMIC L 2EBENEZSO Y Y (1 mg/dl) %@L 72 Krebs-Henseleit
BERIC TSR Z R, BEOCERFEOUEZITo7, S HICISTHEERZ#HKIT. 3
BEODOREE To7:. BIFEREITo72KI15 (N=10) Tid, X=X 541 YHIEHE.
B Z 100HET20CETHHA L DL ER % F1E L St.Thomas i % #) @ 3ml, EL#£30
S 1.5ml Z BN S L 3 BRI & U7z Bt G x A AR L. 20TIC
MR L 720 3REOEME, ZROERE CHERZTVISTHTITETHREL, B
B ORRFEOWEZITo72, EHICISHHEER T KT, FlER% 2 EoollE (FEl
305314) AT o7z, BMHERFESEANT/7 O 2RML-HIE N=7) Tid, K-
IFERBRICEME L, FERFICAMICL 28EANE70E Y (1 mgid) ZFMML7A
Krebs-Henseleit 75 (2 CTHEEGE L 1SR T37CETHIEL . BELOERFOIEEZ T2 7%
LIS oHER z# T, FiERE 2 EO0llE (FER305%) 217157
HEITRTEMATERBEOHEMEER—AF4 L LT, #NICHT 25 EIEE
(%Recovery) TR L72, et BAEIZ FIE L AZHERR = TR L 725 #R7E 3 repeated measures
ANOVA, Student-Nueman-Keuls test {2 TiT\v>, p<0.05ZFE L L7, ‘

» Measurements at 30 min after reperfusion
* (HB : Hemolysis Blood)
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¥ . Baseline values

group K group H group K-I group H-I
Max DP (mmHg) 99.5 + 3.8 92.6 £ 5.5 1053 393  66.1+49
Max dP/dt (dyn - cm/sec) 99.9 =423 83.8 £6.9 108.4 £352 602 *54
Max -dP/dt (dyn - cm/sec)  97.4 £ 3.9 83.5 £ 6.0 96.1 = 3.74 633 +42
DP at V10 (mmHg) 100.2 £ 4.9 83.0t74 1078 2734 - 659 £5.0
dP/dt at V10 (dyn - cm/sec) 101.2 £ 5.1 749 + 8.18 1084 =7.16 609 £5.5
dP/dt at V10 (dyn - cm/sec) 98.1 £ 5.3 749 £ 7.1 92.3 £ 6.32 649 44
Coronary flow (ml/min/g) 77.6 £5.9 829 = 10.58  88.0 = 4.9 53.6 £6.5
O: consumption (mlmin/g) 83.9 £10.25 91.5 £16.02 79.0 = 8.4 60.5 £ 9.6
Heart weight (g) 0.38 = 0.03 0.38 £ 0.03 0.38 £ 0.03 0.38 £ 0.03
Heart rate  (/min) . 239 £ 11 223 £ 6 232 =8 240 = 1
e R
IR {0k X4 :
developed pressure D (KB L THE) FERE (K18 L THIE) 150ROEE

BE (%) T KB 1003 £54, HE 853+ 69, KIE 1062 = 6.1, H-IE 714 + 6.2, 305
TIEKAEE988 =55 HF79.7 £ 8.1, K- 1H 1045 £ 53, H-IF 609+t 75 (P=0.004) T
BHolzo HEEIZKEIZ, HIFZKIFICHL, FEICEETH Y FICHIFTHEIE
LURETHo7 (H3). |
[FIB#1C dp/dt DEEEE (%) V3 1SMETKEE99.7 + 63, HEE75.1 = 6.1, K-IHE 109.9 £ 522,
H-I&66.5+ 72, 30 METIT K 1002 £ 63, HEE67.9 = 7.4, K- E106.9 + 5.0, H-1 #¥
53.9£8.0 (P<0.001) THo7, dp/d TIEHE &L HIBIEEFNENKEE, KIF & &
LEFICERER R LUz, BFICHIFIERLEEEZRLAE (K4),

%Recovery MaxDP XANOVA p0.05 o %Reco;,:,y Max dp/dt % ANOVA p<0.05
120 oup K
2 p m egrouwpH ggrx-oul;’:t H
100 i @ eroup K-I 10 s
] g7 &roup K-I
R group H-I
80-] 8 @ group H-I
] =
60 - 60 o \
: R 4
40.] i . 4 e
20.] g 2
] = G i

Reperfusion 15’ Reperfusion 30 Rep;erfusion 30°

Reperfusion 15

V10 T® developed pressure O BIfEE (%) & 15 5E TK & 100.6 + 7.5, HEE 78.5 £ 7.6,
K-I# 1105+ 109, H-I& 72.5 £ 5.3, 30 fEIZ KE 99.8 + 6.7, HE 67.8 £ 7.4, K-1H£ 105.1
+10.4, H-I#59.4 £8.2 (P<0.005), V10 T® developed pressure TIEHTR L 72D 2 DD
RS XA —F ERBICHE L HIB I PN PR KB KL EB L AZICREZ R LA (K
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5)o -dp/dt DEFE (%) X 15 EATK#99.4 = 6.1, HEE 76.0 £ 5.5, K-1# 98.4 £ 5.4, H-
1BE657 4.7, 30fEIT KB 953 £ 5.1, HEE 664 £ 7.0, K- 18938 £ 54, H-I# 61.0
73 (P<0.005) T, HEE, HIB I F N FNKE:, KIBEL B LEEICKELZ R LA (K
6)o

o DP at V10 % ANOVA p<0.05 -dp/dt at ¥ ANOVA p<0.05
%Recovery %R )
120 N % ecovery
O sroupK 100+
100 group H 1 g group K
z growp K1 807 group H
80 1 7 group K-I
group H-I 601 . 4 o
60 3 Vo ] X group H-
‘ 3 g 40 b
“ b % e : N w6
204 | [FA A8 i 20 i
Reperfusion 15° Reperfusion 30" Reperfusion 15’ Reperfusion 30’

2. ®IjtE (CBF) OZ%AL ,
BERBORERTEORIEE (%) &, Ei KBLUHF) BERE KIBXUEH-
1) 157 EFA2 K E 804 + 8.4, HE 1009 £ 294, K-1H90.8 £ 7.4, H-IHE 57.4 £ 102, 30
SEEKFE 748 =87, HEF 67.4 + 10.1, K-1# 852 £ 6.9, H-1F49.7 £ 8.6 (P=040) T
EEERTOLho7,

3. BREHEEODLL
 BEREOBREERBEOOEE (%) I, ER KBLUHE) FERE KIBLU
H-IE) 1SEFASKEE92.6 £ 15.1, HEE 1164 = 47.9, K-1 5 68.7 = 13.7, H-I1#£ 70.7 £ 16.6,
305MEIE KB 752 £ 141, HEE 64.1 £ 8.7, K-1#£89.2 £ 94, HI# 503 £ 9.5 (P =0.25)
TEEEYRD L0772,

4, LHEZOEit ‘ |

i (KBLUHE) FERE KIBXOHIE) 15580.058% (min) (£ KE236
+18.3, HE 179.3 + 8.4, K- #£ 219.6 & 14.4, H-1 Bf 180.0 £ 0, 30 4-FFid K £ 236.0 = 18.3,
H#169.3 +£9.7, K-IE£ 196.0 £ 9.8, H-IE 160.0 = 10.7 (P=0.007) TH V), HF & HI&
FENEFNKE, KIFLLOCABKBELARIEELZR L,

z =

HTIMERICL VAL 2B MR INBEOBARAENEELZRERTH A Z LIXEACHS
T3, 14) 15) 16) B & D RIMERD H KEBICHE SN B EHEANET T E Vi3E
FWEINT 7Oy AL TIFRTRBESNL D, NT 7Oy OMBEES T B R
TANEF O VDB HEETAEBHEAT /O Ve o TELINHERENSE, FLTER
KT EE LEEANESOE L, —HRME LRICE)AER, AETOEY EA
LI BREND, TOANLIFRME LRI L TEEE R LEAMRASTETR = L2567
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TENPHONTWE17) 18) THFDFHELVEFE LTI, EANE7OE RO A
F U EE T AEMBENIKRELEZREEHSoTVEEEZ LN 4)5)6). BT F
WE—EEIEL L, EURBEEEED SV, BB O superoxide dismutase (SOD)
id, RE, BRIV, AARMAE TH (. SODIZTEMHERE = H202 IZA#R T 5720,
IO DMBETIIH202H% C AR E N B KEDEIMLIC & BN L g ER S RE S
e TEHEREIIEA 4 a3 % Haber-Weiss UG ZRE L, 7 — T VI VDRE
EEINDEZEEEGHIHNEIND 5, —71, BROFERR MEEREIIBNTH, HE
FEF IS RE T AESMERED 7Y — T VI VP EELRE F R T LRI ENT
VW5 19), Z#id, superoxide dismutase (SOD). catalase,peroxidase D T ¥ A v A J1 X
YTV —DWHIMIE Y, BEREEIERINS L) E L DERRE 20-23) & FERR
BRCRETL 7)) =S UV BFAYE VHIERE (ESR) R AL FEM L FEIC L - TEE
BT LEBRREPOCHMA I ENTE 524-26) BIMFERICE L T, RAIICAERINS
EHBRER X =/ —F FH A FT24 Y (-02) Thbo 0 - 02-135kA + ¥ % filfit
&3 % Haber-Weiss S I & - T, L ) ffgEiom@mvye Fax I Y4 (-0H) I
ZALd 5 27) 28) L72%o TEA + ~ F L — MH| Deferoxamine % Fiv T, T 6D Kk
ZRHIET A2 EICE D, BERICHE) MlEEEF/EFRINE LV ) ERDHEI LT
5 29),

AEDOFEBRZER? S, BRI OH I L COBEREECHEL, ECIENE
ENMEEZE L (HESEL I LATRBE SN, TOBFE L TIHEMIC L ) BEEL
FIAR OB CRIMAERE MEREESRE I 5 TS ZE R o, ARYMERF OFNIC
F o THELBEMANES O Y HREOHKA + VI XEEREEOEAME L, Bl EERRE
ErMETHERESH L EEZONS, BIRLE, TNODEMIC X 5.0888 - Bikae
BEEOTFHEL L TIMEIMERRBIEE OE 30). REFDOEA 31), B X T4 EHDRH
R EMTONTE TV A, 1988 4E 1 Hashizume 2541 TN b 7/ 0 ¥ & ASiEI & bE
EDORFILICERTH A L xHELT232), TOEABRF L LT, 1) BILHERD free
heme 26T 5 Z & T Fe $#K® comformation D& L5l & L. {EHEERRMEI/EH
ZHET S, 2) freeheme IZHEE L. O FEPKE &) WEMAL L @ interaction 257,
T5, 3) NThFuYEEKN 7)) —F I HIV (free radical scavenger) fEHZ 2 Z
EDREZLNTEN33)34)35), 7V =TIV A NVOBREELEZHZ o s EHEB I, O
BEREDOTHICOANTHAUWEEN D B, A4 ViZ, A——FFH 1 F (02)
LBEERLKE (H202) 5 Haber-Weiss it Fenton UG % A-L T, & 0 RIS DIE
EFNEFTIVAV (OH) PEASNABREOMETHL ZLFHONTWA, £ PO
FUNTVHNVIIHBECIREABRILZF ZREI L, TVIF VT T AN, RIVFF
YIWITTANEDTY) =TI HNH, ERENT, MEERECES, ZO—EDORIE
WCHERA A UL LTS5 3536 2DZ D084+~ F L — b FHlDeferoxamine
FINSDOEEKFHIICZEET S5 2 & CTRIMBERICHE ) MEEEZERTL LN
HfFcz, LHREFHOSTEHERIWICEATH 2 aMEND 5,
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Hemolysis impairs cardiac function during cardiopulmonary bypass in neonatal rebbit hearts

Chang Dehua, MD, Mitsuru Aoki, MD, Shintaro Nemoto, MD, Shuichi Hoshino, MD, Yasuharu
Imai, MD

Department of Pediatric Cardiovascular Surgery, The Heart Institute of Japan, Tokyo Women's
Medical College, Tokyo, Japan

Purpose: Hemolysis that caused mechanically during cardiopulmonary bypass may impair cardiac
function by producting superoxide anion which catalyzed by iron in free hemoglobin. Especially in
iscemia-reperfusion period, it may be harmful to both endotherial cell and myocyte in the heart.

Methods: The hypothesis was investigated in an isolated crystalloid-perfused newborn rabbit(birth
to 7 days) heart Langendorff model. The hearts were devided intofourgroups: (1) perfused with
Krebs-Henseleit bicarbonate buffer gassed with 95%02, 5%CO2 (KH, n=8, group K), (2) perfused
30 minutes after baseline measurements with KH containing free hemoglobin (1mg/ml, n=8, group
H), (3) induced 3 hours of cold global ischemia(20°C), with infusion of crystalloid cardioplagic
solution, and reperfused with KH (n=8, group KI), and (4) with KH containing free hemoglobin
(n=_8, group HI). The maximum of the left ventricular developed pressure (maxDP), of the maximal
change of this pulse pressure with time(max dP/dt) and of the minus one(-max dP/dt) were recorded
with use of a compliant fluid-filled balloon catheter that was inserted into the left ventricule through
the left appendage. The values were measured again at 15 and 30 minutes after baeline measurements

in group K and H, and at 15 and 30 minutes of post ischemic reperfusion in group KI and HI. The
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data were expressed as the persentages of recovery(%). For statistical analysis, repeated measures
ANOVA and t-test were used.

Results: Data are expressed mean *+ standard error. v10: balloon volume at LVEDP 10 mmHg.
The KH group and K-I group showed better functional recovery than H group and H-I group.
maxDP: 98.8+5.5(K) vs. 79.7£8.1(H) vs. 104.5+5.3(KI) vs. 60.917.5(HI) (p<0.005), max dp/dt:
100.2£6.3(K) vs. 67.9+7.4(H) vs. 106.9+5.0(KI) vs. 53.9+8.0(HI) (p< 0.001), DP at v10: 99.8%6.7
vs. 67.8+7.4 vs. 105.1£10.4 vs. 59.4+8.2 (p<0.005) , -maxdp/dt: 95.3+5.1 vs. 66.4+7.0 vs. 93.8+5.4
vs. 61.0£7.3 (p<0.0005) at 30 minutes of reperfusion . '

Comments; These results suggest that hemolysis impairs cardiac function in neonatal hearts especially
in ischemia-reperfusion period ,with possible vulnerability to the iron catalyzed superxide anion. It
may also be possible that the addition of iron-chelating agents or haptoglobin could prevent this

injury. Further studies are required to support these speculations.

Key Words : ischemia reperfusion hemolysis hemolysis impairac function
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B RIS OHEEINTAENT M ra v roxhe
—RILLATIC BT 5 EERARET—

R L FERREE B A DRI AT 28 P 6 B g/ N JE S4B

wOfEE, FA 6, RAEKRE, MILES, EEFE—, aXEH, SRR

$=]:0)!

FA4UL, BIMIZ L 5 free Hb SR FOAICHBREBE E 25| 2RI T L, BIUFeA 4 ¥
L — MHI TP % Deferoxamine Z imiINT 5 Z & T, [EFERENMEONS Z & 2 EERHIZ
RL, TOEED—RHIZfree HhEHRDFe f F ¥ 28l A {HEHREZEIE S L T 51
HEHELTEL, —RICERTEMIF L THFERAENANT M 7O E VA, free Hb D
HRARICE 20 2@ L CTHENICERAEEELZFIET I EIZACHON TS, &
Ehhbiid, FIMIZE50BEREZNT 7O VPEEMICHIETE S0
THBOCEMHEERETVE B, EBOICKRET L.

[75%]

H4 5-7 H DK R - Langendorf #jt € 7 )V (Krebs-Henseleit T , non working) %
v, Millar 71 7 — 7 VHAH NV — > 2 FEZERIHE A LA % 218 S ¥ St.Thomas 1 [
BAE5Z L 5 1803 LRI (20C) Rt TLAERE (DP: LV S AE, dP/dt, -dP/dt, EDP) %
BIE L7z, HERE (1549, 309) OFMEICHT 2 EER (%) 2B L7z, HhigE?Z
1 mg/ml (ZFHET L 7z Krebs-Henseleit {8 # THHE L 72 B# (n=8), I 1IIHERFFICNT
FEY Y% 0.08 BAL/ml TS L7z ABE (n=8), Krebs-Henseleit i & THEEN L 72 CHF
(n=8) ? 3 FETILEARET L 7z, METEBIMEATIE, repeated measures ANOVA B & UF Student-
T test 12 THT o 72.

(48]
BB LR R E 2R T,
: HERE CH AT B & ANOVA (p)

max DP 155 106 £ 6* 96 + 11%* 71£6 <0.05

30 43+ 105 + 5% 101 £ 5% 61 £ 8 n. s.
max dP/dt 1543 110 + 5% 84 =+ 8* 67 7 <0.05

30 5+ 107 + 5% 91 + 9% 54 + 8 n.s.
max -dP/dt 15 4 98 + 5% 94 + 9% 66 + 7 <0.05

30 43 94 + 5% 94 + 6* 61+ 8 n. s.
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(£ - %)

ASEOFHH L TOBEMNBERET VO ABELE BEOLE S, NT o VIEEMmIC
£ 5 BEEERRA L RAEEE I TABFERL ) EENICHET AR EE TS
TN E N, ZOEABFEE LT, 1) BMEED free heme iCEST 5 Z & TFe
$E(RD comformation D L Z 5 Z#E T L, [EUEEZREEA Hblock 25, 2) free heme
WA LS FENKE 2 ) AKEMIE L D interaction 255 $°4, £LT3) N7 hoal
> KPS free radical scavenger TEE 2 HO I EAEZ 6N 545, EHIIHRET T IMZ T (

CENUETDHE.
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Effects of hemolysis and deferoxamine on
recovery of cardiac function after hypothermic cardioplegic ischemia
in neonatal rabbit hearts

Chang Dh, Aoki M, Nemoto S, Ohno H, Hoshino S, Takanashi Y, Imai Y
The Heart Institute of Japan, Tokyo Women'’s Medical College, Tokyo, Japan

Background and Purpose:

It is known that hemolysis impairs renal function through mechanisms involving superoxide -
anion generation catalyzed by the iron ion in the free hemoglobin(F-Hb). We hypothesized
that hemolysis might impair cardiac function especially during ischemia/reperfusion and
that administration of an iron chelating agent, deferoxamine, might improve functional
recovery after ischemia followed by reperfusion with hemolytic blood.

Methods:

Twenty-four isolated neonatal rabbit hearts (7 to 10 days old) were studied using crystalloid-
perfused Langendorf model. All the hearts underwent 3 hours of cold(20°C) global ischemia
with intermittent infusion of St. Thomas solution followed by reperfusion. The hearts were
divided into three groups according to modification of the reperfusate: Group K, reperfused
with Krebs-Henseleit(KH) buffer (n=8); Group H, reperfused with KH buffer containing 1
mg/ml of F-Hb (n=8), and Group D, reperfused with KH buffer containing 1 mg/ml of F-Hb
and 1 mg/ml of deferoxamine (n=8). The left ventricular maximum developed pressure(DP),
dP/dt, and -dP/dt were measured using intraventricular balloon before ischemia (baseline)
and at 15 and 30 minutes of reperfusion.

Results:
The data were expressed as percentage of the baseline values, and statistically analyzed
using ANOVA and t-test. *: p<0.01 vs. Group H.
Group DP@15 DP@30 dP/dt@15 dP/dt@30 -dP/dt@15 -dP/dt@30
H 71.446.2 60.9+7.5 66.5£7.2 54.0£8.0 65.714.6 61.0£7.3
D 86.0+8.4* 86.6f7.5* 85.848.6 78.0+8.9* 77.4+8.4* 72.6+7.1"
K 106.2£6.1* 104.5£5.3* 109.945.2* 106.9+5.0* 98.4+5.4* 93.845.4"

Conclusion:

The results show that the free hemoglobin in the reperfusate impaired recovery of cardiac
function after ischemia/reperfusion in the neonatal rabbit heart, and this deleterious effect
was partly offset by the addition of deferoxamine. These results suggest that iron plays an
important role in pathogenesis of myocardial reperfusion injury by hemolysis.
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LHREBESR T 7 3V ORBLGITHT ARE

REZFER BACRLENER ERENESNH
MM@%\%* i, W ORI, REHA, KEFES, AR, RAEKE. 2FHE
—. BRETAU. FHER | -

[E87]

A RS TIIRRHARERENZO LERIEIANERT, LHRERIRCHENC DD
Tk, 77/ ¥ 30 AL Lt 7% — % 4~ L ATP dependent K+ channel {ZfEFH
LTCa2+itAZBHEL. /MK - MEANE - FEFHD A2 Lt T8 — 2/ LEEI
SEXERT A LRESNTE Y, BRERES ﬁﬁﬁif‘&% % University of Wisoncin solution
(UW) IZERRICA SN T 505 LR O LHRERICT 7/ ¥ > 28 LzikiEid s
o L FRITRBLHITHT T ARIRIIARATH 5, *ﬁimbﬁtﬁﬁ%kbﬁ’é T/ D
RO EBRIIRES 21T 2 726

[75#]

4% 5-10 H ORBRIHLOCMTERTE TN % HVv, SBIGEI% 20CIC T 3RREmE L.
HERERE 159, 30 FICEZERNIV— VIS T OBREED MEE # 5: L. OB RERIC
St. Thomas (ST) # % I\ 72 STEE (n=8), UW # W72 UWEE (n=5). STHRIZT 7/ ¥~
% 1.34mg/L N2 72 AD B (n=7) THE L7, LHRERIL 30 50EICHRES L1,

[#E#]
FE M ATE D %Recovery (mean £ S.E.) ICT/RT,
BiERARFE  EHE ST & AD % UWE p value
1553 maxDP 875 112*4 81 £ 10 <0.01
maxDP/dt 2+5 127+7 81 = 11 <0.005
DPV10 93+6 114+ 8 78 £ 15 0.05
DP/dtV10 96+5 116 =10 82 + 16 0.09
%V 10 98 +3 115+ 8 78 + 18 <0.05
30 4 maxDP 83+9 105*6 74 + 11 0.08
maxDP/dt 84+7 113+9 82 + 12 <0.05
DPV10 80+6 10312 7116 n.s.
DP/dtV10 867 105+ 12 79 £ 17 n.s.
%V10 1014 120%9 75 £ 19 <0.05

DP: EZF4E, V10: EDP10mmHg & 7% 5 /5 — VKR
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[(£%]

ST Tl 3 R D B IM I T 5 IREXNRIIANT S TH o720 ADFFTIEHEICRIF 20
BEOEEZ/RL, F7OHBOETEORERIZALNT, HAMORALHICE W
THT 7/ ¥ v OFRABATRER SN UWRETIIHAER D LHREBR L L TR+ DR
RETH VHERORFIL ) MEARBEFOZOLEROEAEP AR TH o7 LF
ZAbhb,

(&%

75/ ¥ > St. Thomas B ITINZ 5 2 &1 & 0 RILH A L CERI % LR A 2
2R L. FrAERCHRENDORRRICH O RMEARIR S N7,
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7TV DLHRERE EOERAERF
- FTAERERREERE T IV TOMRES -

RREZFEKR OB &SR/ NESF

BILEZR. A . HAE—. BAEAE, FE—8. & % EFE—. 53
HHI. 4 H R

[ &)

77/ VROH AL Ve TS — & L7z Ca ARBE & BBk - MEWK - FEH
DA2VL T T =2t LIAEHICE ) BERGEcBER T 5, Al LY T Y —IEG-
protein % 4L ATP-sensitive K+ channel {Z{Ef 9% & 4L, Z O channel opener (3@ 534 L
FIEEZEITH LV OHREREL LTEE SN TS, LHRERFT 7T/ VY VOR
BT A RERN R & COIEABF ICB 1T 5 ATP-sensitive K+ channel D EF % B
PICF B 70, T T/ Y vk ATP-sensitive K+ channel opener ThH A7 U~ H ') LDE
ERAIRET 21T o 72

(5]
H75-10 HORBHEE CIEERTE TNV EHV, BEHGEIHZ 20CICTIRKFEEBME L,
BRREERE 159,30 DICEERNSV— 2V IZ TSRO RERE L M L 77, (LERE
#1Z St. Thomas (ST) #Z V72 STHE (n=8). STWIZ7 7./ ¥ ¥ % 1.34mg/L N Z 7=
ADOEE (n=6), 7Uu<#H ) A10 x MEZHZ72CRKE (n=7) THE L7, LHRER
X305 EICIR S LTz, AETFEMIRRZE X Repeated measures ANOVA, t-test % 72,

[#XR]

7 J 71Z7RY o * 1 p<0.05by ttests V10: EDP10mmHg & 7% % /LN — v B,
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ANOVA p < 0.005 ANOVA p < 0.005

120 120
d ADO#E I__% * [ * *
JO0cRka T "

100 100

< STaE o T
4 - 801 o
QQ_ 60 \1"%? DD— 60 1
&,1’:’

52 407 o ;i} ¢ 32401

20 1 o 201

0 | i 0 .

= <& &
T55% 805 % SO
140 ANOVA p < 0.005 140 ANOVA p < 0.005
T* * * *

1201 : 1201
P
CEES 100 o 1007
< 60 < 80
®] (o]
o 807 3~ 60
;8 404 40

20 ok 20 1

0 , ] 3 i o 1 24

_\/" Py
1 5§J 2 307 1% 155-&

(Z%

ADOBTIEFEICRT 2. OBEDOOET /R L, FERDOKRILHIIBNT L LikRE
WHDOT T/ Y OFMENRENTZ, —FH. 70<H ) AI5EHCE K+ RoiE
BLLHRER STHR) P TRHRZEDT . BB IMFIEVFZORERBEICLETDH
HZl, RBETOERBEF vV ANVEHEDEN, HDEVEIHFEROEREF v 2
DRI LR EVREZOND, T7F/ 2 Y DLHRENEIZBIT S ATP- sensitive K+
channel DS 2 nwEEZ 57,
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ATP BEEZMEK +F v ¥ AV OE ORI LHRE BT 5 EBRIRE

HRLTFER OB IEERE/NESE

MRAEARES, FA @, % EFE LLUEE BAE—-. EE—8. 2FE—. aXE
R, &HEiE

[E#Y]

TE, ATPERZMK +F v R VHOEOR O ERER (@HRIC L 5 HEEEM Rk
B OEHE, ERMFILIC L S TRV F—REFL L UFEREF Caoverload D5 IE) 705,
ANEL O RENCH SN S L) 0o/ LA LKRBLHICBITA2HEITL . 40
FAId, KRBT A ATPESHK +F vV RIVEHOE (7a<h ) L) OFEE
TERDOE K HULHRERISHRMS L B LRE L7,

(5]

H4%5-7 H D KR4 H -0 Langendorf & i € 7V (A BRI E I ;non working) % Fi V>, Miller
BT — T VHRABNN — > 2 EZERNITEA LA AL & 180550 BT (FER 1S
53,3043 1) DEEE (DP: LV developed pressure,dP/dt,-dP/dt, EDP) % #llzE L. Bl D
BMEEICET2REELYEE L7z, ChEGHRICERMERK+ 70~ h ) A T0H
ik E L72CRE (N=6), 7 O~ 71 1) A% N0 L 72 St. Thomas i T:LM&1E & L 72 SCEE (N=8).
St. Thomas WD A T/(MEIE & L7z SEE (N=8) 1240, LB L7, MErFHREIL t-
test 33 & U repeated measures ANOVA {2 TAT 5 72,

[#E53]

77 73 mean £ S.E. T/R L. * & p<0.05 (t-test)o

ANOVA p-Value 0.1479 ANOVA p-Value 0.2418

s B AEC 100 T
907E] 3043-& % i I | : | ”
807 T T s 80 1 I
<70 e - I
5 507 = :
2 o o 407
o 307 3 ]
o 2071
107 : . : | : i : ] ; . . |
" CE  SCE S 0 el L L
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ANOVA p-Value 0.0071 ANOVA p-Value 0.2312

12 12
) *

100] * ¥ 1 1001 { ] [ T mE
o 807 I I T 80- L 7
g I ] o o 1 ] l |
o 607 : ; 60 :

9 I 2] .
S 407 40 Mg
oo o ||
1L L el ] B
0 C SCE S 0 CE SCE SEE

[E% - K

TELSEORE»S7UTH) LEMTIIEK HUHRERTEE T ARE. KUTSC

FESHOLENOEK HUHRERTHEEIELHRIKXITEDON L P 072, EIZ
RS HiE. FAIV7ZF L TREICOVWTHREF 2R 2LEDVH L EBbhi,
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RILFHONFEMEERFICBIT 5
L-Ariginine x5O F 2 MEICE T 5 EERAIRET

HE L FER S B A LRI R BB 5 N a s

®OFEE. FAR G, oXTH. SHES

[E89]

NO &, MEANEMBTO 6N, MEFREREFEHAI ©1ET 5 EDRF (endothelium
derived relaxing factor) AR L LT, £HEUYETH L, NODOFERHI, L- T ¥ = v
T, L DMBIZHFET 5, NODVERBF L. [EHEIL S 17z cyclic GMP @ IP3 #Ifl] 12
L BMA Ca2 +iBEWA . BLUIGEEHRD Ca2 +ERZHEAIC L 2 MEFEHE
BHEZEZONTEN NOLWHWEPEKEEOBEMRIE, B, BERCHICBVWTHE
ELhREEFETLAEEZLN D,

[HE]
H%5-7HORZBRHLE O & H\Vy, Langendorf i€ 7 )V & FEML . HET&E £11% 207C T 3 K fd
Bl E L, BEMEREIOTICEZEN/ SV — VIS TUREORIEE 551 L 720 L HfkR
& LT St.Thomas (T#) (n=6) & St.Thomas20cc {Z L-Ariginine20mmol/L % fill 2. 72
(ABF) (n=7) 2EETHEL,

[EX]

#& 313 baseline 12379 % %recovery (mean = S.D) T/R L. *IIFERDZEITHT L Tttest (2
T p<005 {(%’9’_0

EBIMEER 15585 AFE T#
Max DP 833 = 13.6 80.0 £6.9
Max dP/dt 99.2 + 2.9 % 84.6 + 7.3
Max -dP/dt 98.5 + 2.2 85.6 = 11.2
DPV10 87.7 + 14.8 85.5 + 6.6
dP/dt V10 103.8 = 8.1 * 89.7 + 6.2
-dP/dt V10 103.9 + 102 * 85.2 + 10.2



RE I A E T 30 o1& AT T &
Max DP 754 £ 18.0 78.0 £29.9
Max dP/dt 99.8 £ 2.3 * 77.5 £ 19.0
Max -dP/dt 95.6 7.0 75.0 £ 175
DPV10 77.1 £24.3 74.6 = 16.1
dP/dt V10 99.7 £ 5.3 82.4 £ 20.2
-dP/dt V10 22.8 £ 103.3 79.0 £ 253

A BT Control BRI LOVEBEEDWENEN T2, FTER
LIEICERITH 5 T aetEd g S 7z,

B5 L7

[+
()

[#5%]
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FRFLMT BT S Adenosine-Histidine Cardioplegia & St.Thomas @ FL#
— LR RERN RIS 5 EBRIRET —

R ERAE B A LI ED a2/ NE A A
wOfEE, A . KBELER. ARG SREH. SHEE

[B ]

TTF/ v VidAl VT T =% L7-Caf Vi AHE L HMER, MEHNE, FEHD
AVEeTy -2 LIfEAICILVBEREBEELZ®ERT 5, e XAFTVVIE, €135
V= VEPEBEMPHT A THRWREERE S bMAA7 Y F—Y A2 ®WET 5, K4 1
INFTCRHBLIIBWTTF/ TV, EXAF VY 2B TSt Thomas I MNT A2 & T
DERES RS E END 2 2 HE LS, SEWE L AASHLEOERER % /E
B L Z DOxhFR & BRIRICH O EEME 5T L 72

[75#]

1% 5-7 H DK FTHE H [ Langendorf M B HT € 7 )V & F WIEFS FI#£20°C T3BEE B &

L. BERERIOSHBICEZEA/ NIV — VI CLREEDO BIEE 2 55 L 72, (LR ER &
L T St.Thomas # (T &£ : n=9) & NaCl 25 mM/L, NaHCO3 30mM/L, KCl 10mM/L, MgCI2
1.6mM/L, CaCl2 0.5mM/L, Glucose 10g/L, Adenosine SmM/L, Histidine 160mM/L. Histidine-
HC1 20mM/L,pH 7.0 (37TC) IZFR% L 720 R#ER (A-HE: n=7) £ 4T T300EIK
B L., 2BETHE L7, RET t-ttest * AV 72,

[FER%]
SER(E +RERE R
T# A-HFf

EZRKFEETE (Max DP) 82.8 +26.8 88.9 £ 222
e E &N dP/dt 83.8 +19.8 87.0 = 15.0
L ZERA -dP/dt 81.8 + 19.5 117.3 = 54.2
V90 IZBITAEERET 79.9 = 17.2 115.0 = 32.9 *
V10 (2B % £ ZE dP/dt 86.4 + 19.0 127.0 £ 31.1 *
V10 1ZBIT % £ ZE -dP/dt 84.4 £ 23.8 107.4 £ 24.6 *

EDP20mmHg & 7% 5 £ ZEAME  95.3 £ 8.6 131.5 £ 54.0 *
(V10 13 B ML ATIC EDP10mmHg & %2 2 EERFE, * : p<0.05)
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[#55%

BMFERE A-HREL, TERICEOIEEEOREICENTB Y, (L GEERE DO RIE
RIBIEFAESETH oo SNIET T/ Y VOAIEHECAF U VICL 2/IBBAT V F—3
ABERWIZ L B CaA F VIRAHBIOKREZZONE, TT /¥, R AF T UV IITHELR
HEDOYWETH ) . FNFHNUWIE. Bretschneider #i & L CHERICHEHA SN Twa 7208l
EROERL AL, FAOER L OHRERIBEREHTEE BN,
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RILER AT B J1R 0 I BB FE RS
Camitine 5 0% FtE 1 M+ 5 ERIORE

RELFERAZE IR LRI EF AT E RSN R

U

RAENRER, A W, & #F wUEE EFE—, 8HEH, SHET

[E89]

WACHERLY, RECHIIARAENBRAHEROBERELIE, ZaVF—E
EEBRERMEL TS FACOBREHRIEBNFERICEI ) S5 ITEKEL 20, M
FINICEREYE 7 VIV CoAx LS, MAEEN AL 5. Camitineid, 7 ¥V CoA %=
SPIVEFYTHICGERL, FEMEEEBIUTCAHRICL 2R RETS. o T,
Camnitinel& E AME VKRB LHANDHES L, LAV T —EAL X T 5 & FRICHENER
BEARETHYURPHFEINE., ThxARMBLBRERETVERY, 200858 %
BT A L THRAMKZHRET L.

(7]

H45-7 HOKFEHRH [ Langendorf & € 7V (FIRIMHE¥EFR, non working) % AV,
Millar s 5 — 7 VERAR OV — ¥ & EEAICEA LER 2 L S #1805 OB EMELL#T
% (FBETL 155, 30 5%) O/ #EEE (IUfERE & L T DP : developed pressure, dP/dt, 4R
fe& L T-dP/dt, V10), RREBREB L UEMREz #lE L, BEREOREIIXN T 5 H
HE (%) ©EH L7z LEHRERIT StThomas = F 72, Th e HHRMBE O A THE
ft L7z N& (N=8), Camnitine % Img/ml #5A0 L 72 & FUML M THEMEG L7 CEH (N=8) (27
v, 2BERLEEBURET Lo, WMETFERIBEITIE, repeated measures ANOVA IZTHT o 72,

[FR]

FBRERIONT. BIEIIFHELFERE,
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B C & N & ANOVA (p)
max DP 15min 1064 = 6.4 86.9 5.2 p< 0.05
30min 103.3 = 4.3 82.8 £9.5 n. s.
max dP/dt 15min 109.9 £52 83.8 £ 8.0 p< 0.05
30min 106.9 = 5.0 90.6 £ 8.7 n.s.
max -dP/d 15min 1244 £155 919 %54 p< 0.05
30min 1119 £5.6 83.8 7.0 n. s.
V10 1 Smin 1252 £ 7.4 97.6 £ 2.8 p< 0.05
30min 130.5 £ 7.8 101.0 = 4.4 n.s.
o L it = 1 5min 183.1 £24.6  132.8 £20.6 p<0.0S
30min 173.6 239  108.3 £ 8.3 n. s.
BREHEE ISmin 2009 £31.6  140.1 £14.0 p<0.05
30min 2129 £34.1  107.0 = 14.6 n.s.

V10; EDP A 10mmHg & %2 A /5V— VY BE.

Camitine¥#& 512 £ 0,
EHERRREHDHERERIBENEEDHENETFE

[(Z% - &R

EENGHEREDS L CIREFFFEICHE L.
D, RKELHDBMOFERICS

- é:a
— e

T 7z, BLTEDEM

i+ % Camitine x5 0FAMIRBENZ. 4B 510, EROBFBEASOMNE, F
iz Nz 5LENH B LEbIT.
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SRE R 12 251 B S1EH60 K L P A e 5 00 AR DR BRI B 5 % SEBR B0 MRS

HRZFEROHERZNENE, BERX V74 Vv 7 KR EHBIER 7T *
CIRAREE, RAREKRER, F OfEE, A M. EFG—. SEFH. 4HER
HTRE—*x, [UEFL*, HFHEH *

T LI

AR, BEOHREECHIVERBMOMESITH T o T, LEABFHROEEIZL
WRELT R, L L, HER, JUEHORIHOREIRAOZREREL, W7
RNV DDTIERVy, £OFTHIFITHAERMARIMHICBWTIZ, 008 Bk
B RIS R 2B HEEITRE L OHREERD & 2Is| &k FERE
EOMRVZFHFTHLLEEZONDL, STRILHOFHD 1 2& L THRAEHEERN
HEROBREEMBENZ EABT oI, BOFERREICIIZ SICEFNPTEE L 200
BEOERTIREI NG,

Z 2 TAEL SRR EERREICS T 2 BHERAEICE L T #t LV OFlelk A
A=YV FHEE|TH 5 1231-BMIPP (8 -methyliodophenyl pentadecanoic acid) 2) -4) % Fi\»
TEBRWRTZITV., BHBRAHSEBII O W TETOMRY B0 THRET 2,

R EFE

EERET IV

EEEWE L THER 7T HOREZ 18 TEA L7z, FiM:T pentobarbital (0.2ml, 2mg) %
AV, 0.1ml D~/ 7 & & B ITIEERNICES L0 2 %, Langendorff #E 3T [B] 5% 123
& L 72 VI RIFEM % SmM HEPES i3 (pH=7.4) ICCTHIRL. AN~ 2 1) v F15%
ELTHY, GIRAEICCRERG 21T o720 T 72 EREIE 95%02, 5%C02 DIRE T A
IZT37TCTBREILLEITo 72,

EB7SObla— L

K EFEH s % Langendorff B & (22757 30 5 DR 2 1T o 724 R BE (C B, N=9). 180
SOGEL RN 30 S BMFERTITo 2RI (I8, N=9) &5, #NFh 1231-
BMIPP (40 4 Ci) % Bolus {2 T 5% 30 5[ @ uptake & clearance \2BJ L THRET L 720 &
MAFETITOAGREW & L T 305412 St. Thomas i@ % 7 EA L 720 2B, 1231-BMIPP ® RI
7177 >~ & HITACHI tt # Chromato-Integrator % fi V>, FIHZK S E 12343 5 H5F (%ID).
LEEENSH-) OfE (%ID/g) Tz L. FEEFIC Time-Activity curve |2 TR L 72,
BMIPP DEFEHEF 3) (K1)

page 57



KROIRRFBE ML AR A S LR OMBE~NBAT L2, —2d b 70 &) FEDISE
T=UANBIT L ERDIEI P2 P THANBITL BERIL 2 2T CTT - F L CoA L 72 1)
7 L VEREERICA B, —F . BMIPPIZIERFERE L TOLHNDE) AARIZBHE SN L &
&7 S RIRD AR & FIFRIC DB AT A0, A FVEDEAIZINI Fa v FY
THTO BBAE~DRATHIEN, LHANELCE T S, L7 o T, KOO AR
WEDOEIBERAHZFMT 2 I LWL L5,

1 . Uptake and metabolism of BMIPP

Blood

Cytosol Mitchondria

/N

BMIPP BMIPP — BMIPP-CoA —#  oxidation
i

Back diffusion

r /3 oxidation
<P[_ PIPA
AT L

AT FBIIRET 121 repeated measures ANOVA, unpaired t-test Z vy, p<0.05% b > T
BHEL L7, T20MMATOBMIPP IC & 2 IEREEABEIREICEIL €. KEHa Y
= MAVFEFNVEHWTEBFTZ2BI o7,

R
1. K&, LE=, gliKE E1)
1) 1A% :C#£99.8 +15.0g. 18926 Group C Group |
+ 11.4g EWMEEREIICEZFED LD 2725 Body weight (g) 99.8+15.0 92.6+11.4

2) LEE CH 049 £0.07g. I# hHeartweight (g) | 0.490+0.066  0.44740.043
0.45+£0.04g L FHEICEZFROZD 2 coronary Flow
7> (ml/min)

=° ) first stage 0.790+0.073*%  0.784%0.171%

3) BWMMitE | AR CH0.79 £
0.07ml/min., I#F 0.78 £ 0.17ml/min. X
Bh IR I BT 8 B 7% T8 0.98 + 0.24ml/min,

after declamp - 0.984+0.236

during BMIPP 0.803+0.093# 0.92110.237#

(mean*SD) *,#NS
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BMIPP x5 il Z£#F C 5% 0.80 £ 0.09ml/min, 1% 0.92 = 0.24ml/min £ FEICBVWTHEE
DM, o72,
2. Time-Activity curve ([ 2)

MEEOLE A L TAhAbBE, peak (TELARII—ELTIEBIZCHELNAEEIC %ID.
%ID/g DMEMETH o 720 FICHHDHEMZE (clearance) L IEEASCEICHNHEL, T2
O clearance (X IBFD A HEITED o720 BMIPP 257 30 5 DB 2 Tl %ID i CEE
7.04 £2.05, 1461129 THH ., %ID/gid CEFE 1438 =421, I1F 1049 +349 L &£ D

WCIBOAPEEICREEZ R L7,

2 . Time-Activity curve

e, e e ety .- —

%ID %ID/g

60 r 120 ¢

50 100

40 80

30 : 60 7

20 405,

10 % ZO-%:

G%wpl AT A p-p G%mpl ‘"&“f“*"é
0 10 20 30 0 10 20 30

time(min) time(min)
p<0.0T p<0.01

3. BEHI V- AV RNEFLS) (K3, FE2)

RSN TOBMIPPE L N FDHED DENRET 5 72D HFEMH IV /8= P A Y
FNEFLVERBWTHRH L, SEBEV6 IV /=AY FNEFVMIZBWT, TV /35—
X2 ML OAHMBENOBMIPP 2, 2 /83— A2 bk 21X BMIPP-CoA %, I /3%—
A P3WEEETS—NVE, IV/N—F XV M4RIPMIVRYTER, V8= bRY
FS.BWREMENZDHODTONDTH S, 72KV 3= XY MNHOKIIREER %
HoblL BFEzEEICTLHICk (13) £k (54) IZFNFN0.02, 04ICEHE L),
qIEBMIPPIRGREI0FTDEETHOEZEI V83— AV MIBITARHHEELTT OOTH
5o
k(2,1 g3\ g4 QS THEHCEHIPFEICEEZRL, L6 TIEIFPEEIIGEEZRL
72 MD/INT A= IXHMEBICEEELSTO LD 272,
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3 | Mathematical compartment model
1=BMIPP, 2=BMIPP-CoA, 3=TG pool, 4=Mitochondria, 5,6=Coronary vessel
k (1,3) andk (5,4) were fixed as 0.02 and 0.4. ‘

<::>Kwa
@ K(2,1) @ K(4,2)

+mm)

O

\ K(1,3)

=0.02

K(5,4)

-/

&

¥ 2 . Parameters in compartment model

Group C Group | P value

K(2,1) 0.441+0.223 0.235*+0.056 0.048

K(3,2) 0.715*+0.427 1.274%x1.195 0.223

K(4,2) 0.637*x0.756 0.567*x0.576 0.836
K(6,1) 2.345*+1.519 2.201%0.491 0.816

ql 0.054+0.026 0.042+0.022 -0.334

q2 0.025+0.017 0.014%0.015 0.191

g3 5.886+1.602 4.300%£1.255 0.043

q4 0.021%0.011 0.007x0.003 0.014

qs 6.851+2.667 3.178+1.127 0.009

q6 87.163+3.294 92.462+1.222 0.005

Z 8=
OBETANE—EE LCEICIEBE 7 Py E2FIHE LT\ b, KL T
ﬁm%J&gkwfuyﬁﬁﬁﬁﬂi®@~m%%h%@@ﬁﬁﬂaﬁﬁbﬁ+®lw

IANF—REEZITo T 5 6)
0% BETHLEHBEESNTEN 7)., RALHIIBIT 2 A NVF—RBFIIHENFL
WEBE R B, TR B LIZ LA B P ERER R IREEIC
DFEEROCBIEET L 268N 5, LA L ) bbbt RILLE IS
MEEREEDLEEICE LT, s DERBIRS 217
RKALH D LEREL ZNII5[ &8t
LIHFETH 5,

—7. AR

t BEmE

BT B R
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LBEOETIBEENE, FE, bbbt $ TICBNFERBFO LT T Y
PO—LVEEDR0%REICE TET TSI L a HELTE 1), 2 L TELFEREOL
BEET IS T A 0RO A I L LDOEHEIEETHL EEL LN FOKERIZL -
TIEEMBERFO CEEOEEFEZ ML DT LRV EL, & 25 TLHER
B A— v rBE A BGIIE, RIS B A LR EC MR TOREL
ZFOFMHOTFMET E L EEML D 5, 7 L CLIIEEEA X — ¥ v 7 8HAITdH %5 BMIPP
i$Z DFFE S HEATSPECT T ) | PETICHRTHS TH ) oBRICE IR TWE L0
TH58), £ TAHME, HEMEMFEREICSBIT 5 EHERASICHE L TBMIPP % v
TEBRMERF 2B I 2w, LA OED» 5T Z MR 72,

— % IZBMIPP ISR AICHL ) sA T h 7z, JREFBROFIHIZIC L T—8IdEE 77— v B
SO NIy FYTHICSH L, F7o—E i RS HEE (Back diffusion) (2 & D MLAHIZHK
HaEnd, =7, I hay FYTHTRH T ZBMIPPIZERILF IR S NS, 4
[l DEERIZ BT 5 Time-Activity curve (3L #RS L EME N ICHFET 5 BMIPP D&
DEFEHERZERL-LDTH 5B, CEIZB W T Time-Activity curve . %ID. %ID/g iZ
BMIPP ¥4 5-4% 30 A2 Tpeak IZ:E L, 15 < bW ETEHBBICET L, FAgtsady
53047 % TIL#T L 720 BMIPP DL E AN HE 2 T, fiFid 203t AL
A Back diffusion #7R L. #3123 ba v FY 7THTOIGEER# 2 K4 5 & FHETE
53) SNENIFFELCEZHET AL, LBITHRGHZIOPWEET %D B L T %ID/gi
peak (IZEL 72 ZDRII—E L TIFEICH IV EFEII DB L FoID/gMEETH 1 |
LA D ER uptake (2T L TW /2 e Z 2 b5, FFIZHIH GOFbH 5 143) D clearance
FIBEACRICHAEL, COT L LIRTRBE /- LBLUI b2 Y FYTHAND
45 & 0 b Back diffusion WEE TH o722 EEZ LN D, T2HFE SH " H305) D
clearance (X IFED FHBEFEITEL . O L IIEBMBEREOI bary N 7THATOIEN
BRAHOETOWNEEZRBTHLDTH 5,

DEWIDZEICELIZERARFT T MR B0, BHFEHI /3= P XV FETIVS)
LR EEA L, BEEKK 2,1) WCHI EERICEEEZRLAZ LS, Ell
BERBICIZEI V= AV P15V X=XV 2 NDOBTIRENLILIZEY
FERTBRAEESE MR T §2 2L E 2 b b, T/ BMIPPI G305 DR A TIXTFIC
BT, @GiRAEIEMEEZRLAED, THIENFERBEOI P FYT7THBLY
FEE 7' — WA @ BMIPP § 7% D b BAHEE @ uptake DIET 2 /RET A LD TH Y, Time-
Activity curve DFERZ BEYEBREOE N HRTHDTH S, THIZq6 1AL TIXIIHT
HEICEMEE R L 720 q6 1 LML T D 3A F 13712 Back diffusion & L C LA (2
ENZBMIPPEX/RLABDTHLD, TOZEDPSLIHIIBVWTRES - VBLT
I haY R THENDSA LD b Back diffusion SE B TH o 72 Z EATRIE I N B, 2RI
¢5IX I F IV KU 7TATHRE SN Z ORI AP ICHH SNBMIPPEER L7 b D TH %,
L7cATo TIDZ LIRS b L BMARERED I 2> F1) 7ATOREHBRAHOK
TERBTBLDTHE, LlE, HFEHIT V=P XY PETLEHVRE» S 5
RH R M SRS ORI B DR T A Sk 7 o720 A TEDAA AL L LT
ISHERFE (FFA) #5FFA-CoA & % 2 BRATEE 2 21T, BT 5 LB IR E N, &
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13 Acyl-CoA & BEFZ R FFA-CoOAD I b a ¥ 1) THNDEIT T A Carnitine &
Vo B ORGSR H OEHALD - DICEATH A EEZ LN, FOREEN
LR M FHE R O DR D EE AR T & 5 9)s

1. REOCHONE EMFERRICB T ABIBRASICEL T, HLWOHIEHREA

A= VT HHITH A 1231-BMIPP % Fiv TEEBRIMRE 217 2 72,

2N B M R IR BRI IR 7T — VB L OIS F 2V FY THANDS LD b

Back diffusion BXEE T, T b2 N 7PHTOREBERFIZET L TWS Z EA5R

sz,
SRBIIKRIOHOEMBFEREICBW T, BHBRABNEE 2 50 2 EH 0K 5E1E

HThrEEZ LN,

AW XOERIIE 3 HANBIEERSBFESHRS (199747 8. BE) ICTHREL,

e E DU

1) % fEE [ RPOCHRE IS BT 5 E# pH strategy — IR B ML G pH OO 5EE
BENDHE— . Ezbvaz:mL12 740— 746, 1996
2) Goodman MM, Kirsch G and Knapp FF Jr . Synthesis and evaluation of radioiodinated terminal
p-iodophenyl-substituted « - and 8 -metyl branched fatty acids. J Med Chem 27 : 390-397, 1984
3) Knapp FF Jr, Ambrose KR, and Goodman MM : New radioiodinated methyl-branched fatty
acids for cardiac studies. Eur J Nucl Med 12 : §39-5S44, 1986
4) Knapp FF, Goodman MM,Callahan AP et al . Radioiodinated 15- (p-iodophenyl) -3,3-
dimethylpentadecanoic acid . A useful new agent to evaluate myocardial fatty acid uptake. J Nucl
Med 24 : 521-531, 1986
5) Ghezzi C, Keriel C, Pernin C et al . Iodohexadecanoic Acid as a Tracer of Myocardial
Metabolism. Nuc Compact 21 : 248-252, 1990
6) Liedtke, A.J. . Alteration of carbohydrate and lipid metabolism in acutely ischemic heart. Pro g
Cardiovasc Dis 23 : 321-333, 1981
7) Lopaschuk GD, Collins-Nakai RL, and Itoi T . Developmental changes in energy substrate use
by the heart. Cardiovasc Res 26 © 1172-1180, 1992

8) MAEAR., FHEHH, HE BI»  FLORBIRAHA 2 — T v 7# (1231-
BMIPP) % FiV>72/0oh SPECT I & & B R/ S 1 /S A DO BIE & BRDORES . HLOHREE
25 1 113-119, 1996
9) Broderick TL, Quinnery HA, Barker CC et al . Beneficial Effect of Carnitine on Mechanical
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Recovery of Rat Hearts Reperfused After a Transit Period of Global Ischemia Is Accompanied by
a Stimulation of Glucose Oxidation. Circulation 87 . 972-981, 1993

Summary

Experimental Study of Fatty Acid Metabolism after the Surgical Ischemia and Reperfusion
in the Neonatal Heart -Evaluation using 123I-BMIPP Scintigram-

Takahiko SAKAMOTO, M.D., Shintaro NEMOTO, M.D., Chang Dehua, M.D.,
Mitsuru AOKI, M.D., Shuichi HOSHINO, M.D., Yoshinori TAKANASHI, M.D.,
Yasuharu IMAI, M.D., Ken'ichi MORISHITA 3 , Yoshihiro YAMAMICHI 3
and Yoshifumi SHIRAKAMI, Ph.D: *

Depairtrneny of Pediatric Cardiovascular Surgery,

The Heart Institute of Japan, Tokyo Wemen's Medical College,

and Nihon Medi-Physics Central Research Laboratory * , Tokyo, JAPAN

Background : The immature heart has an insufficient fatty acid metabolism and it is further depressed
during the surgical ischemic reperfusion. In general, the cardiac function was depressed during
reperfusion, and therefore, it is important to study the mechanism of fatty acid metabolism during
reperfusion. 7 ‘

Material and Method : Eighteen isolated, blood perfused neonatal (7-day-old) rabbit hearts using
Langendorff model were studied. They were divided into 2 groups ; Group C (n=9) : control group,
perfused for 30 minutes without ischemia, Group I (n=9) : simple ischemia group, reperfused for
30 minutes after 180 minutes of ischemia protected by St. Thomas cardioplegia. Forty microCi of
1231-BMIPP was injected as a bolus at the onset of the perfusion/reperfusion and the uptake and
clearance were evaluated as the pércentage of the injection dose (%ID) .In addition, the myocardial
time-activity curve is recorded with a detection system and mathematical compartmental analysis
of the external detection curve provides data on fate of BMIPP. cheated measures ANOVA and
unpaired t-test were used for statistical analyses.

Results : In both groups, %IDs had a peak within a minute after the injection. Afterwards,

in Group I, the %ID was consistently lower than in Group C (p<0.01) . The clearance of the %ID
was significantly (p<0.01) delayed in Group I compared with Group C. In mathematical
compartmental analysis, it was detected that the uptake of BMIPP was lower in Group I compared
with the Group C and fatty acid metabolism was depressed in Group L.

Conclusions : The results showed that the uptake and clearance of fatty acid into the myocardium
were depressed after ischemia suggesting inadequate fatty acid metabolism in the mitochondria. It
is useful to inject the drug which would improve the activation of fatty acid metabolism, for the
cardiac function during the surgical ischemic reperfusion.
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RACEFIZ BT BB E M & O Camitine Bt 5 DFAKEICET A2 %E
ERBUARET—1231-BMIPP O uptake/clearance 2 & 5 Ffi—

RELFERCHEIRSG/NENE, BERX Y 74 ¥y 7 AR SHEIEP T *

BARRE., BRAEKES, & #E FA @, 2FE—. SE0 SHER. ZTE
—*, [IEFLA*, HFMEL*

CEE

RHOHOEY O 1 oL L THBMEIRASHEBOBEEEEIMEV 2 E BTSN B
MBEREFICEEOICENDFEE L 25, Camitine 1T 7YV CoAXT I P Y FY THIC
ERL., fELEREB LU TCARKIC L ARHEIEET 5, L7/zd> T, Camnitine iEE
O OAMEV RIS 1 BV TR IS/ RN B I B HE BRI Camitine 2325 5 2 & TIRIFER
RBEEFE 0. FNRICLA.0BEOUENRAFEING, SEb b, AE8E
MBEREFICB T 2 BEFBERAE 23 4 Camitine %3 5- D& A ICE L T, 1231-BMIPP *
AWTERMES 2TV, ETOMREZ{-OTHET 5, '

(]

H& 7 H DFRFZHR L O Langendorff BT € 7V (FFRILEER  Ht 15%) T HV., E£57%
305 DEFREIT o 73T REE (CBE,N=10) . 180 5 DEELL M1 30 5 BB 247 o
7CEFBMEE (15 ,N=10) . FHEFEFIC 40 4 M Camitine ASANIMLHE % A > 72 Camitine B2
M# (ICRF,N=10) (28T 1231-BMIPP40 4 Ci% Bolus (X TH 51 30 5 O uptake/
clearance (2B L THRET L 7zo BMBETIZLHHRER & L T 30542 St. Thomas ¥ % EA
L7ce 2B 3IFMOBKRE, LEEICEIIRDO LD 272, Ml FHIHEIT I repeated measures
ANOVA (p<0.01) ICTHTo 72,

[#2]

3ERITI123-BMIPP FARDOREMMEICEEEIL R D o720 123[-BMIPPORI A7 ~ b
FEESESEITT ABMLEES D OESE (%ID/g) TEHLLE (H),
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%D/ %D/
120 ° O CEt 120 2 @ | &

o | ICRE¥

100 100

80
60
40

20 L 20
\.“--.__’__‘__.
0 L . | 0 v
0 10 20 30 0 10 20 30
time(min) time(min)
p<0.01 p<0.01

CE

STHLDIIHREHIOHEE T %ID/gidpeak (ITZE L7z FOBIT—ELCIEHICHL
DB EIZ %ID/g WMEMETDH 0 LA DGR uptake (3ET L Tz, F2i&5% 1458
BED clearance (X IFED A EC . BIIBERKEOI b Y N 7R TOREHBRRHOK
TOTREMEITRKEN S, ZHITH L T ICR # L uptake/clearance & H IZ CHE & FEZEMD
72 { Camitine ¥z 5- 12 X Y [EFBRAHEEI S o TB Y, TOF AR I N,
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A IBFEBIEIR 128 1) A Warm Resuscitation (£ DR
— EERAVFRRET —

RHRZFERARF B AL 72 18 R e/ B R
WOMIE, FA O, RE B, RAEKRE, 2FE—. SHEH

&
s
7
o

=]:60)!

FreElg - LIRS postperfusion syndrome (ZfUER S N AFIMERICL 2 BB LM XT 5
7o, RFEFEORBERD O OBERIZE L v, T4 T OHREO AT CMEER EH o3t
THEEAEE S LT, BRWOEERIC L 0 EE I T I BRI CER 2T
71 (Warm Resuscitation i) #3818 L £ DERNME G L72o5, 40, RO MEER
£ 7 )V % V> Warm Resuscitation & (LU WR)  &UHHENTI2AT ) EHE OFHBIEERIED O
PEREOIME (23§ 5 B3« SLBURET L 72,

[757#]

A4 5-7 B ORRARHLL % V. Langendorf #HLE 7V % FELo £ D Miller 7 7 — 7 b
HAABINNY — 2 2 EZERICHEALERZ RS E, £ZE D developed pressure (DP) , dP/
dt, -dP/dt % I 7€ . Baselinefli & L 720 303 M D EIRE M TARE L& /ER L.OBREZ HIE L
72%%. KC120 mM/L, MgSO4 1.6 mM/L, NaHCO3 4 mM/L, Glucose 10g/L, Insulin 2 TU/L % /I
2 B FALMS T 0B 1L % 35 LT % 305 FI47 - 72 WREE (n=5) &, LB T
WHEOBREMEIC & 5 EER % 30 7 E#Ht L 72 Control # (n=5) D2 IO L7
NI T T 0 USRS O [E14E % 5P L 72

[#X]

#& 13 baseline {Z3F 3 5 %recovery (mean £ S.D.) T/R L., * (ZFFEIDZEITH L T t-test IZ
T p<0.05 2 FEK T,

wim i M T 15 5% WR # Control &
Max DP 654 £ 105 782 £ 13.6
Max dP/dt 65.1 = 8.9 81.4 + 152
Max -dP/dt 64.6 +13.8  78.0 = 189

FHBNIEER 30 015 WR Bf Control #
Max DP 618 £ 12.8  47.1 + 133
Max dP/dt 665+ 9.1 % 475+ 147
Max -dP/dt 60.7 + 103 % 47.0 = 8.9
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[#3%
WR B3 Control BEIZH U BEEOHENENL T, HBERPICERBEN I E

& LOHFHD = AV F—EFE % M5 Warm ResuscitationiE1%, FraERFH O ZOBENIEIR
OLHEEREIIH T AR EOMPERFEREREIAGF T FHAELEDN T,
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HAEIBHBBERET T IVIZBITA
TT/ v DEREEIEICA T ARR

REKFEMKEHACELEIEAERSSDEIF
wOfEE FA W REFEE. KFEE, EFE—. SXRE, SHRE

[(B89]

FERBIANMERICL 2EZECEITT L7720, REEOMBTERD O DBEL L8
LV A IR UARO AT OEER R 5 2 BREE L LT, Glucose—lnéulin—
Potassium (GIK) MNERFELMHEIC & 5 ZREGEE I THIRMFIETICHPERZIT
Warm Resuscitation /=D LAZEERIAE I3 T A2 BRI RFCMEERE TV ke
L7=25, BTERTIIEA Y 7 AMFEICL 5%%7"}*?)5 TT/ v VEEREIIBWT
0 fE A5 5 M B anti-adrenergic action * H § 5 & $£iZ, Al L& T ¥ —, ATP-
sensitive potassium channel % A L 72 0 FAIfIA Ca®t IRARREMEA. BL U A2V &7
L7z EaMmER, MEREEECEHGIER. MELREERICL ) BEREELE
flﬁ'?‘é o FE., AUV LEFERETT T /v Vﬂﬂﬁ?ﬁﬁﬁf’ftlﬂl‘{?ﬁ@ ERBEERIC &
BHEBERED RO I 2 BRI« EERAICEE OMBEIRE & LB L 72,

[77E]

H45-7 HORBREE L% v, Langendorf B €7 WV E ML, €DHE Miller 1T —7
VALV — V2 EZRICEALBFRE =z R{LS €. Z£E D developed pressure (DP) ,
dP/dt, -dP/dt % %€, BaselinefE& L7z, 30O FEREMAE., 30 5 EEDMAEIC TH
T LA 0 EER L O Z|IE L 72, Adenosine 5 mM/L, NaHCO3 4 mM/L,
Glucose lOg/L h0R 7B ELMEIC CRERER % 30 04T o 72 ADO & (n=6) &. L
B TICETOBREMMEIC L 2 ERkR = 30 5ERERT L 7= Control B (n=6) D 2FIIH
L7, 20%H. FNFROBETE S TEFEOMEIC T 30 5 HEfEZ I OEBRED EIE
% 5 L 72,

#E 217 baseline (243 A %recovery (mean = S.D) T/R L., * ZEEBDZEIIxT L T t-test
12T p<0.05 & T,
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EIMFEET 30 5774 ADO & Control £

Max DP 79.9 = 164 83.4 £ 14.7
Max dP/dt 78.5 £ 13.3 834 = 9.7
Max -dP/dt 74.5 = 24.1 75.6 = 10.2
BB RS 30 97 ADO & Control &
Max DP 81.7 £ 14.4 * 50.8 & 14.7
Max dP/dt 86.9 = 12.2 * 53.1 £ 18.3
Max -dP/dt 86.5 = 13.9 * 51.6 = 13.0
(KR

ADO 4 Control BIZH L/ OEREDEVFBEN TV /2, HAERIZB T A MEERTIZT
7 VIR ELIC X 5 BROEER LT L OBRORAREICANTH S
T REMEATRIE SNz,

page 69



FAERBRLITIZ BT 50 A RE D IR & ER

RAELFERRFE A CRILE 7T R ee/ N a1 R

FA W, AHEE, SRTFA. BMEAL., FHIER, B R Bk, FeE.
KB &, BUEE, MEK, fAkE— KELEE, REEL, BRAEKRR, THRE
Al AEARE

€259

Fox DINE TOERBER R — 5 05, F4EROLHEEICIE, 1. AT LA (CPB)
FHEIM P& N HEWE 2AIMES D O MBES OEMLE R EWEDFR
H 3BT O LA T ¥ F—Y 28 L UHHREREAIC L BMMPA F N5 ¥
ADEAb, 4 RIS X 5 UHAEEE, 5 LHHILD Ca2+ overload, 6. B HEFTS D HEM
MBI OHMERENLCMEAEEE, PEZEZRIZTLTWD I EHATRE I NI,

[Ek - BK]

4 HIF IR VT B IR Y Cold GIK HE IS & B LR E DR 13, Echo T
SHH ORI 5 R T4 Tidhvwas, EBRT -5 - BRERICESE, HELT
DTRET> T b, 1LARIR VE T OLPERIESFRIC & 5.0/ BIMEFEEHE, 2. M
EHAL CELAEERWEDBRIFID/DD CPBILEEIEE, . AEWEELE*HHT 54
HREE D E CPB HEOE. 4.CPB DA FF4 & Haptoglobin D, 5.Ca2+
overload FHH D 7= LB MATR O IME C2+ EEOFE . 6. BERBOMENEEE %
HElT 5700 REATER. 7. HMEKEHEILz #1615 72® @ Nitroglycerin #{E.
8.CPB #E it R #5112 4+ 3~ 5 Warm blood cardioplegia i< & % EZIRAITEET % 4 L /- Bh1E
R, 9. WBERT OFRMEIEE, CPB MO HIMBRERZ T, FrER TRIMBREDOME
BHDITo TRV, FRMFHOESR L OHREOTLRICI D . Fr4a B UM DFEEst
TEIZ. 61% (1985 LART) 25 29% (1985-92) , 14% (1993 LIEF) ¢ EL T 5,

[RZ]
LU R EROY B L RERNRICET A EREERT -7 LR eE 2 b £K

Hi3kH’E T3 5 Adenosine, Histidine, L-Arginine % ¥/ L723r L VLR RER O BEIRIE B
DO ELTWVE, FOM. 2 AENEERIC L 2 MRS EEALORERNIC L 26 L EEE N
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IREEWEDOBIMERF ~ - THROFFRILEESIC L 5 8R%E, 3. RILAHOREAFFEIC
G o -HEBERBEOMHEY. CEKRTALZEFTTH L4, # L WEFOERICILEIE
RAFEOREHIIERE L TEEILTINZLEZ T 5,
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