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Phosphodiesterase (PDE) III inhibitors have a myocardial protective effect by altering
various cellular functions. However, caution regarding calcium influx due to increased
myocardial cyclic adenosine monophosphate (cAMP) is essential. We hypothesized that
myocardial ischemia/reperfusion injury could be limited by adding a PDE III inhibitor to the
terminal warm-blood cardioplegia (TWBCP) solution. Twenty-five infant piglets were
placed on cardiopulmonary bypass (CPB). After 90 minutes of cardiac arrest with a single
dose of a cold crystalloid cardioplegia solution, the animals were weaned from CPB after 30
minutes of reperfusion. The TWBCP solution was given before aortic unclamping, and the
animals were divided into the following 5 groups : group 1, control; group 2, TWBCP ; group 3,
TWBCP with amrinone; group 4, low-Ca TWBCP ; and group5, low-Ca TWBCP with
amrinone. Left ventricular contractility and expansion were evaluated by recording pressure-
volume loops before and after CPB. The blood levels of troponin-T and creatine kinase were
measured as markers of myocardial injury, and antioxidant reserve capacity was determined
from the blood and myocardial levels of lipid peroxide. Myocardial cAMP production was
used to assess the influence of the PDE III inhibitor. We also measured the coronary pressure
during TWBCP and the total current required for cardioversion. Significant improvement of
cardiac functions occurred in the amrinone and low-Ca groups. In particular, the amrinone
groups showed the following biochemical changes: an increase of myocardial cAMP (p <0.05,
group 5 vs. group 4; p<0.01, group 5 vs. group 1) and suppression of the lipid peroxide level
after reperfusion (p<0.05, group 5 vs. group 4; p<0.05, group 3 vs. group 2). The amrinone
groups showed a low coronary pressure during TWBCP and spontaneous cardioversion after
reperfusion. We conclude that ischemia or reperfusion of both deplete myocardial cAMP,
leading to impaired Ca handling and to cardiac dysfunction. A high dose of a PDE III
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inhibitor in the TWBCP solution replenished myocardial cAMP and promoted rapid and
sustained myocardial functional recovery, increased coronary flow, and inhibited oxidative

damage.
ing ischemia/reperfusion injury.

Decreasing the calcium content of the TWBCP solution was also useful for prevent-

(Tokyo Jikeikai Medical Journal 2007 ; 122: 27-40)
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Fig. 1. Experimental model

Large White X Landrace X Duroc piglets (1 month, 10~12 kg)
CCP: cold crystalloid cardioplegia, BCP: blood cardioplegia, CP: cardioplegia, BCD : blood
cardioplegia delivery, LV : left ventricle, RV : right ventricle, LA : left atrium, PA : pulmonary

artery, CS: coronary sinus
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Fig. 2. Experimental protocols

CCP 400ml/3min

Warm BCP+Amrinone
250ml/5min

CCP: Miotector® BCP: Blood 200 ml+Miotector® 50 ml+KCL 5ml
BCP+ Amrinone : BCP+ Amrinone 1.5 ml, Ca lowering : BCP+ACD 12 ml
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III # (PDEIII inhibitor) :
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Terminal warm

&5

BCP+amrinone 1.5 ml

IV# (low Ca BCP): Terminal
BCP +acid citrate dextrose solution (ACD) 12
ml

V # (low Ca PDEIII inhibitor) : Terminal
warm BCP+ACD 12 ml+amrinone 1.5 ml
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Fig.3. Analysis of LV pressure volume loops by CardioSOFT®
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BEEDRSMEERBIAET T 2 RIME RS
DT X =8 —DFALE (%) % (Fig. 4) &=L
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Fig. 4. The changes of LV function after CPB
(A) %recovery of Ees (B) %change of Tau
Ees: end-systolic elastance
Tau: time constant of isovolumic relaxation
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FE: 69.9+12.7, IIT#F: 91.8+31.1, IV #:
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Fig.5. Time course of biochemical changes in coronary venous blood

(A) creatine kinase

(B) troponin-T

(C) lactate (D) lipid peroxide

(O groupl @ groupIl O groupIIl M groupIV A groupV)



PDE III FHEESE % F V> 72357 7 7 Do (Rt 33
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7. Amrinone MAEE

Fig. 10 TR & N A HE1Z, reserver N BCP 12
B} % amrinone 12 (2,964~16,894 ng/ml) 12 B
b 53, TWBCP TR ADHIRMHFERE XS T
12 33~6ldng/ml F TIERTLTEY, £6l& b
amrinone @ inodilator fEA 4 C %5 & i 3
1,000 ng/ml PA B3 L ko lz, ZOFEED
5, TWBCP solution HEDRE, 3 74b b L
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T e DR MIE B D I HH R B 3 ARFAE A 7 LT
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Fig.6. Time course of concentrations of cyclic
AMP in ventricular myocardium
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Fig. 8. Total current dosage of cardioversion after
CPB
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2 microns

(b)

Fig.9. Electron micrographs of left ventricular myocardium (x10,000) (a: groupl b: groupIV

c: group V)

(a) The picture shows clearly swelling of the mitochondria and breakdown of the myofibrils.
(¢c) The mitochondria are less swollen than them of group IV.

Concentration of Amrinone

ng/ml
18,000

15,000 &

¢ High dose o Low dose

12,000 \
9,000

o=\
==

0

0 U

Reserver

declamp

10min 30min

Fig. 10. Time course of concentration of amrinone in blood
A dotted line is accounted to be a minimum limit of the pharmacological effects.
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B 91 R % < D natural antioxidant @ f#7E,
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WATCOBEE R OFEE, IR TR RS LRI
X 2 EEEREAOXNILR E, RAFEI1ZRE S
TEERE BRI 2 THTEF DAERF DM E O FIEME
bEER LGS, (ERO/NRLHRERICB VT
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ZF 2T, AWFETIR/NEBOMIT I #E U 7z single
dose CCP iz & % 90 S3FI0REIE 7V I
amrinone %L 72 TWBCP #% controlled re-
perfusion 3% Z & T, #¥g L 7z cAMP 0.0
AN % BT, LDEHMEo Ca
handling % F#fiz B8 & ¥, inodilator ®&E, O,
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FRETREE 2R GRS LS 2 & OG22 MEE
L7z,
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% i second messenger T H % cAMP I3 & #
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X 20 EIE - IRERIER O =R 3 7- 079,
B ATP 3% L 72 B0 12 B8 1 5 cAMP
DFIAFHAE S PR DAL 2> 7% Ca handling O
FIE, DHEREE IR X S FE5 T 2 e b 5.
& 512, PDE I HESL XM & myosin BEEH D
D UEALTEER TSR S ME BBt ERY ©
B3 53, MU/ IMREESEHNEI, i Bk EA BRI
'Y, superoxide EEAEMH]'?™, cytokine 535
Hi'Y s BIMFEREE LB Y OBV
COBRIIHT 2HHZNIRELET 2 2 L3%
#HEhTBY, PDE I FHEHEE AL fRE
®iE, L 0BERT EZOMAEERICK > THE
MeeRRE & B3 5 B LR O MBI TR e 1o
LT, X DERRIERENEE 0B REE 2 FF
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SR REH0 2 B8 1 5 RE PR E R
R CFBR I3, B0 in vivo €T VT
PDE III PHE 3 2 L @RI iz ik 3 7
W, Fz, BRIMPFEHTO catecholamine #5112
& % Ca overload OfEREMEY 72 &b % { 15
ENTEH, Ca* & cAMP O.LAFHEENEIRE D
BT DL T W AL S5 % v, Shahid
59 1%, cAMP 2 LAHHIIEE O Ca?* efflux & en-
doplasmic reticulum ~ @ Ca?* Bt D A & 5 & #il
& AN @ Ca overload OHIFICEIE T % & e
L, cCAMP 23 Fi#di#% O BiF 7% Ca handling 123
2 EE factor THH Z & BRB L7z, PDE
I HESE O LHES5 2B L, Endoh 5% 11 XD
FHEEE LT 2RV in vitro ETVIZBWT,
amrinone QLG R OOEIEE T B X CDLE
cAMP BEOBREBIFREMETHE T2 L T
BY, AWeEE, PDE I HEZIC X .08
cAMP RE O & O BEREKE & O BAE & R IR
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¥ L C amrinone 5. %217y, cAMP O#ifEIC £
2 MRBEEOBESIR P E NI ELTBY, i
iges Tl H % BSAWSE D PDE 11 fHEFERL 512
£ % 0Lfi cAMP OffiFeiE 2 ZA T 2 FHROD 1
DL EZ 5., 72, amrinone O.LHRE B X UMk
NEIRB L OHIRESIR 2 2 5 F CEERHREHE
HTHY, 7v hOKETIE amrinone O~
DRBRATIE IEL T, HRME b i & [FRk
BIFThHs 35, HFL0IEEL Tz
1 DFTFE amrinone 12 & 3 MITEIRE~\ D2 BE
L T ¥, KB T O amrinone Il & FF 13
TWBCP E#» 5 —E L T 1,000 ng/ml LLF T,
AR D inodilator fEF % 5 2 15 2 BIE® 1 13ZE L
TWwiEWZ & LD, 4E0 amrinone OLEERE
DORZB TR FERRE O AT L 2D TH S
EMERR I NIz, F72, IV, VEETHIAT L 72800
Bk (Fig. 11) 12 B8W»C, V EECIRER AR 30 4
# & HN 60 5382 T DILBERE (%Ees, %Tauw) & F
TR T, EMFENLEHEE (troponin-T,
LPO) HIHER & £ b I ORROEFIED RS
niz. 20O &ix, AFFETHEED o L7z PDE 11T
FH =3 BRI 50T X 2 B%75 0 cAMP @
replenishment 23, g Il FF ¥ i & O £ Hi 19 =
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Pilot studies of LV function and blood biochemistry

The time course is extended to 60 min after CPB in group IV and V.

(A)
(B)

inotropic effect MfEfEEFL 2R ICEF S L T
VB AREEA R S 7z, 723, PDE NI BH#ESE
OHFTHRERNC XY Z OIERIZEK TCORIE L [H
1%, B2EERH DB target PDE ®fEH
FEIRIE B X ORI E W 2RO REM R B 5.
AHHFE T D amrinone DE 1X, PDE III fHESE
DT Y il positive inotropic effect 2347
<, free radical scavenger & L T DB A E W
eI IcH OV DThHD, £z, SEHO
BCP IZ 8 IJ % amrinone & #& ¥ FF & Mikawa

It was maintained LV contractility and expansion together to the last in group V.
Production of LPO was suppressed through the period in group V.

51 DRk 2512, free radical scavenger %
ROHEF I RAD HREE & L7z,

2. DEFRENRDEZRIERF

1) O, free radical scavenger XI5

FE MFRETR RO LFNE TR B A D O,
ft44 T 1 arachidonic acid % xanthine &4
HEFE S mitochondria B FRERREE 2 e B W
T% L DO, BWERING, £, BEFHERIC
BOTHEEBRRIIER SN, GEMZICEBET
RZERL 2K, PR L & b2 lysosome & H 45>
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RIS % S0 U, MR O R SRR % 272 972°, 2 O
MEE LTI, ZnETicd CoQld, NKHA477,
Nicorandil, SOD & w»- 7z antioxidant @ #
Loon Bk filter®, HuFrhERaEEIME
REWRHALNTWED, BT TV TORE
WBEE->TEST, —BLSERERCIZE?
Eo TRV OPBIRTH 5. KWFRIC BT,
O, free radical DR EY T b % LPO»
amrinone I & Y FRERE R SR L THEE
WHDE S A, GO R E O R T H % CK,
troponin-T @ EF bz 5Nz Z &6, free
radical scavenger & L C ® amrinone O[> i {&
R ORE S Nz, BIMFEETRIC BT 2 TE R
REEDVF E L TRIMEBLAAD O, Ffitiaic £ %
b, BREFFEREZNT L2000 EIEHL 2
Tlx7z w238, PDEII FHER ORISR & L ¢, Matsu-
mori 5 1% JE 5 B T 75 £ O R
cytokine ZEAEMNHIFIR, Chang 5™ 13 #FHERR
HEEOIHZIR 2 #HE L T35, —77, Mikawa
53t NMFFERFIMTELE I NI ERRBRERS
JUOHEMERTELE SN EEBRICNT S
OH- E £ 4%h 5, Mitsuyama 52 13 1% 1k
protein kinase A 12 & % O,~ O REANNGIZIE %
e L TEBY, PDE I HEEFHED O, free radical
scavenger & L CO&RENS, ek, cyto-
kine D RIERIEVVE OFHIEICINZ, EENZIE
HEEREOEAMENC bFS L T3 AR H
5.

2) Ca overload D#EEJE & cAMP #i7iz & %

Ca handling Oz

RMEEREEO S 5 1 >OEK & LT, #il
M ?D Ca overload Z3fEfE S LT %, RN
IR OMEA Ca*t EAZE L Wiga, (Ll
el oD 3BIHE I & 2 O RAE o Wi o o ifie o 43
BEDSEL 2 0, AU DS & SR T AN
b0, — BN OLHRERICB T % Ca
lowering ®® Mg supplement IZEHE L & TWw
%Y, Baker 5% O#E 2 2% 12, BCP o Ca**
& & 1% control # @™ 1.2 mmol/l1ic & L, Ca
lowering F£i3 0.4~0.5 mmol/l THLI L L, [
#E (Ees, Tau), CK, troponin-T, lactate, %
ikiz BT Ca lowering #£TOH E 2 ERE
DD STz, —T7, KRG TEICRLE Ca?t

MEL Ca?* MAEPETH 2 72 D .DIHEIC 1X %
LD Ca*t BB E s, low Ca*t DL E
el bMESNTHBYY, Ca*r ODEMPED
5 DRI ETH 5,

AWrgecid PDE I HEEIC X 2 0858EA
cAMP E& & Ca overload & OBE %GR L 72
B, DI IR 3 % B & 7% negative effect 1352
B, 1L VL b0, b7 — 2 Lol
ErALT, HL ETHRBDOEEZHEZ 23,
PDE III fHZESE L0 Ca? oBhREIcBEL T, %
3", PDE II [EIRKIIMho g ZHBME %17 % cate-
cholamine &% - T down regulation *° ATP ®
WEEE 2T 2, IR T T b HEE L cAMP
DOEMEMRER 2 &, Tz, FEFNIAG/IMEARRE
o PDE III % #4RAICFHE 9 2 720, cAMP OJF
TEEE>» SHIlERN Ca*t BEOB b 2HffidsE T
H % i/ NaEOEEME, L <2 Cat DI A S
DERE, w3 b 2 &, 251, MlgR Ca*t i
ADERD 1 2 & &h 5 MlEEE> % O, free
radical OIHNC L VB L 5 % Z &2 EZET
5N, ZOFEHE sarcoplasmic reticulum *° sar-
colemmal membrane T® Ca*" ATPase iz X %
positive lusitropic effect 23 HLERIIRE S N 5., %
7z, A3LToO PDE Il HEHEE 5 3.0F 1R
T-oTBY, KRENRERT IR B KA
Jt Ca?* channel % acidosis THIH X T w3
Na*-Ca** ZZHHE T iE M b S f, MfE
A D Ca** KEFA % K7z 3112 cAMP #fi e
12 & % Ca handling O2IE#MN LI N5 720,
FHETRSEID & O+ 7208 cAMP & BiF% Ca
handling 1z & » Ca overload D& & LEEEE D
FIHEIE, HERmERIcx 3 L Bbh b,

MBI 3B 0 20N OEE > ATP OfiE
l¥, mitochondria >/ MaEBEEDOIKT 2 %,
DARIE D = 3 v F —EEAE S Ca handling 12 S [&
BRI, 2L C, #OEFEERD S myocardial
stunning IZfE% &b SN TW3E30, ZhicxtL
T, B H1Z Buckberg 5V 3$2183 % BCP 12 Xk %
D RRERE, BILGET DI 2 v 7R
HEOMIMEC LY, LEERRIEE, HBAET
WFE=Y) VBILEY OV AVERFRICERTEB Y,
REIc & 2 ATP{EF 8 X ¥ myocardial stun-
ning O FF, OEREORIFICKE S EHEL TW
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5. ¥z, REWRENHEERERTO TWBCP 13, L
ZIET oMK 2/ L 7c oHiimREc £ 0, #E#gaH
Bk, B arvy—) rBEEYolE, U
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FARLSNTWS, KR TR s D TWBCP
WiERE PDE I HERE 2R/ 2 2 £ T, &5
7% 50 EERED RIAEIE, MERrEnL 7.

3) No-reflow phenomenon ®O-F[f

W ¥ % no-reflow phenomenon & 5 b 3
HIE, BIMEERIC X 2 MEHBRGEZD T
<, IMEWNEZHIEE S ORENZ LTI L O
HARIGCERT 2D EIN5S, Thbb, B
e b & 2 MWK coOREEY, Eith
HIMEk A & cytokine, FFHREROWERE « FEBHFH
BRI N, IFHERORAET - NEEE 2K 7.
F 7z, FPTRERITCEER IC X 2 MU R O BRI E
(PMNs plugging), (CiAHRERE, sk
B E bbb, EIMiROET 2 o LEERETR 2
PHEIYS, &5, MELESREZ2ET S
cAMP % cyclic guanosine monophosphate
(cGMP) 2z XV ikE L Twb Z & bIEER
EEERPIRT LI EERSL, ZhoxLTIh
% C nicorandil % adenosine ¥ 5. O & %4 3 ¥
&2 TN TWwB A, PDE I HEENE T 5%
BAL, AFE T H RS NI METFRBEZ X U0,
M/ NBEREE N, SR ERIERERIANE], cytokine 43
WFRET, CERFEIEH 22 X, BIMFEERZ O
MAE% & THEFICESL Z 06, KRED
WEFEEWICHEONE DO ERFICHAIZN
%. PDE I [HERERE S X 2 L0HHEET VT
OEBLHERBROBRINE R ST
¥ 1, no-reflow phenomenon OFff, BRI H
WIAREIFEREEDbN S,

4)  BIMFERE ORI T 5 8

— i H TR O L E AN EIR I, BIEE
WIZB 15 Ca overload % O, free radical 253
A2 TE Y, HARERMENIT REF LR
EOBETHZ EEZ o b, KIFRICBWTIE,
TR0 S THERE 215 2 £ TOESIIERHENHE
FAIZULIV, VETERCMZ shiz, ZDHHK
£ L ¢, amrinone IZ & % .0/ cAMP @ #fi 7g

&5

Ca lowering %2 £z £ 0, FEWRBEZ» & RIiF
Ca handling 35 & #1, myocardial stunning 73
FEHEINIzbDEEZOND, £z, SEIOOLH
MBOBBRIZB LT HRD Shifkiz, cAMP
12 & 2 MR E O INH SRR TR I F 5 L 72 1]
BEMEDLD .

DEXY, LHAEIcEL 2ERBFEE2E 35
PDE III A 2 iR CiEM T 5 2 L3, &
MTHELRELEL, TOTHEGE*NE
LT 3B OO BINFREREZE ICE R & Bb
i, AN O cAMP FiFEZIR N2, B0 %30
BEREEIR 12 K & 2 %% - TRIREMED v, &
72y ARBFGEIXEGRER S LT 5 FEE Fw /8]
FRRI R EBRE TV TCOMEITH Y, TDOFiLd
fEfECHZ 2 ens, & I/NEERTO R
PRIGH O & K& W,

V. i B
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WA U7z 0EIN cAMP RT3 7% S 1,
TR R SR O R RN R, IR
DEBRUESIR & & b I LHEEESEEN R
sz,

2. BIMEIEFE:D Ca lowering OBt XA B
EEzZont:.

3. MEIMFFE IS LAMEAN O cAMP i
ix, L@ Ca handling #E T & ¥, Kifs
T2 LBEEBE T 2 < 72 %, PDE III [
KT & 20N cAMP ik, <
BELMITIC B\ CEE 2 ®E 2 H S raet %
w7z,
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L e A RESERR LRI B G fEARIEA
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JIT & o AL OGBS LS, BBy % T
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wFeiRe (2006427 H AHE), 28 59 Bl H AN
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