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Effects of Prostacyclin (PGI,) on Myocardial Protection in the
Isolating Working Heart Model

Kihi Rho Lee, M.D.* and Kyu Tae Kim, M.D.**

The effect of prostacyclin(PGl,) on myocardial preservation during global ischemia was studied in the isolating
working rabbit heart model.

Forty hearts underwent a 15 minute period of retrograde nonworking perfusion with Krebs-Henseleit buffer
solution (37°C) and were switched over to the working mode for 15 minutes,

After baseline measurement of heart rate, peak aortic pressure, aortic flow, and coronary flow, all hearts
were subjected to 60 minutes of ischemic arrest at 10°C induced with St. Thomas Hospital cardioplegic solu-
tion: Group | had single dose cardioplegia, Group Il double dose, Group |l oxygenated double dose, and Group
IV single dose with PGl; infusion {10ng/min./gm heart weight).

Hearts were then revived with 15 minute period of nonworking reperfusion at normothermia, followed by
20 minutes of working perfusion. Repeat measurements of cardiac function were obtained and expressed as
2 percent of the preischemic baseline values.

Oxygen content of arterial perfusate and coronary effluent was measured by designed time interval. Leakage
of creatine kinase was determined during post-ischemic reperfusion period. Finally wet hearts were weighed
end placed in 120°F oven for 36 hours for measurement of dry weight.

In the PCl, treated group (IV), heart rate increased consistently throughout the period of reperfusion from
100£5.0% (p<0.001} to 107+6.2% (p<0.001). The percent recovery of aortic flow showed 95+5.7% (p<0.001)
at the first 3 minute and fuli recovery through the subsequent time. Coronary flow was augumented significant-
ly in the 3 minute {(96:+6.2%, p<0.001) and then sustained above baseline values. Among the Group |, 1, and
Hl, all hemodynamic values were significantly below preischemic levels.

PCl, relatively increased oxygen delivery (1.22:+0.19ml/min, p<0.001) and myocardial oxygen consumption
(0.90+0.13mi/min, p<0.001) during reperfusion period.

Leakage of creatine kinase in the PG, group was 9.3+ 1.581U/15min (p<0.001). This was significantly lower
than Group | (33.0+2.68 1U/15min). The water content of PG, treated hearts (81+0.9%, p<0.001) was also lower
than the other groups.
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Fig. 1. Working heart perfusion apparatus. During non-
working mode, the perfusion lines are clamped at
B,C, and D. Conversion to the working heart mode
is done by clamping at A and releasing B and C.

Coronary flow
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Table 1. Composition of the Krebs-Henseleit buffer

solution
Compound Concentration (mmol/L)
NaCl 120.2
NaHCG, 25.0
KH,PO, 1.1
KCl1 4.7
MgSO, 1.2
CaCl, 2.5
Glucose 11.1
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Non-working | Preischemic | Hypothermic(10°C) Non-working | Post-ischemic
working ischemic arrest reperfusion | working
15 min 15 min 60 min 15 min 30 min

Cardioplegics * *
PrOStaCyClin *hhkkhkkhkhhkkhkkkkkhkhkhhkhkhkhhhkkhkhkk
Hemodynamics *hoox K X
Gas analysis * ook %
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Fig. 2. Experimental time course. PGI, (10ng/min/gm of heart) was infused at inital 3 minutes of cardioplegic infusion
and for the postischemic nonworking and working period in the group IV. Hemodynamic measurement were made
at the 10 minute of preischemic working and at the 3, 5, 10, 20, and 30 minute of postischemic working period.
Coronary effluent for 15 minutes of nonworking reperfusion was collected for creatine kinase measurement.

(CK =creataine kinase)
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Fig. 9. Myocardial oxygen utilization at 30 minute
postischemic working period. The bars represent
the SD.

Table 2. Percent recovery of stroke work after ischemic

arrest*

Baseline Percent recovery

(gm.cm) 3’ 5 10° 20" 30°

Group I 134.66 82.58 85.38 87.48 87.72 86.95
+11.22 +4.42 +2.99 +2.17 +2.40 +3.34
Group II 135.13 82.63 84.08 87.26 88.08 87.05

+16.21 +8.09 +7.01 +3.90 +4.24 +5.94
Group III 131.57 8545 87.46 89.40 90.26 89.35°
+21.79 +3.71 +2.89 +3.49 +4.13 1+3.58
Group IV 137.98 94.68" 95.91° 94.96° 92.95* 92.61*
+1847 +4.00 +3.78 +4.35 +4.71 +4.11

* Mean + standard deviation
a Significance: p<0.001 versus group [
b Significance: p<0.01 versus group II

¢ No significance
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Fig. 10. Creatine kinase leakage following ischemia. Cor-
onary effluent for the 15 minutes of reperfusion
was collected for measurement. The bars repre-
sent the standard deviation.
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Fig. 11. Myocasrdial water content and tissue water for
each group. The bars represent the standard
deviation.
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Photo. 1. Photomicrograph of a rabbit myocardium
(Group I) showing considerable vacular
degeneration of muscle cells. (Hematoxylin and
eosin, original magnification x450)

Photo. 2. Photomicrograph of a rabbit myocardium
(Group 1V) showing nearly normal appearance
of muscle cells with slight interstitial edema.
(Hematoxylin and eosin, original magnification
x 40)

Hap FEE Ao s oleh(4Fal 4).

V. & %

Prostaglandins o] qlald] 4] Hujs & E&2A9 o
Zolehe 2 1934 o)l o]u] ¥l H x|k PGl 1976
] Moncada$} Gryglewskiol o3} w4'® = g2,

Photo. 3. Electron micrograph of rabbit myocardium
(Group I) showing focal fragmentation of sar-
colemma, disruption of myofibrils and pleomor-
phic mitochodria. (Lead citrate and uranyl
acetate stain, original magnification x 16,000)

Photo. 4. Electron micrograph of rabbit myocardium
(Group IV) showing perinuclear vacuolation and
a fair amount of lipid droplets (Lead citrate and
uranyl acetate stain, orginal magnification
x 11,400)
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2]3td cyclic endoperoxide (PGH, ) &
E|aL of r|ef] 44 4%-2] prostaglandins (PGE,, PGF,,
PGl,, TXA,)o| 2z zadl 4 g4 =ic} Endoperoxi-
de&= &4 &4 (synthetase)ol| 2]5led & A shilol 4=
thromboxane A,2 =5 &3te] A4 Ml 4+ PGI,
2 Adghdleh. Thromboxane A,& #4%e T4 & %
Aot @akg TH5A 7 AEE sk wbw PGl
g waksia gaukhue] cyclic AMP g 714
A4 ol &Y & Al e FFE shAHO

o} #) 8. prostaglandins & oju] §H4dx|o] 2wl 4+
efel] 4] -Eujsfel 2hgshe Aol obi Had winlr}
sl 2T st & vk T A AkEelA 2
H g4 3ke] = Holgt 344 TR0 ' sty F4Y
L85 F3bE Holv 4 skxm ub'® o 3o
prostaglandins -2 T F-E& e} slof] 4 &+ si3) 5
v PGl dlell A vl sle=] o2 #oje Hashdd
MMl A /5 el A S0 PE sk
ol v ¢ oty 3t A Eolej4 pH 7.49 Ak
ol fERELHEMe 2~3¥al E35et® a8 pH
7t A A5 Mok ok el Blof g Sk
o5 iAo}, 2 Aol A 488 PGl s Up-
john #toll 4 A 237 F&4 EHEA o7& pHrt 4
%o v shyg 4Al 6-keto-PGFe 2 fuk Sfsa
B gedo] A FE7b B AR o % '
Fxoh, ey pH12.08 25C §4udl 4= 645
ol a7t X &= pHE 9.37% %43 0.05 mol
Tris golfel] &l sl 0°Coll Bab3d 4: 4805 fFHH
B2 oF 484]7H5ql RER ™ B 4| 4+ PG,
5 pH 10.0 Immol Tris £l 3 AHsted 0Cell =
Adteist Fod Aol pH 8.02] Immol Tris £oll
A | the] AbgatE 2 PGL o Agk 2H4-7| ke
£48 7wkl sk vk,

Aol gk PGL o oFe{fsbe o % 398 oniE
A e B L@@ = A2 HE el xkebll4] A
Aol ATg gkt

genaseoi|

A we] AFEMAE 4] arachidonicRgo 2¥e) 3
A%l PGlLv aAa o] @828 ol A4 Fag
Al g aE 7hd S ¥k ohdel Al sl 4 &
449 A& AAlA Al a8 43k arachid-
onic fol| 4 wkEoix| thromboxane A, Hag <
FAZlE A dake] T4 S 36 A4 FE 7
A7l 2 Rep TS0 Ego| ) qlale Al at
AEFIt AhH AV Aekd ARl E4| 2wk
2 oA el Al 4 PGl 2l g4de] o] vy
+ 1 2418 Hapolu QIEIME-E A7 =g
4] AE oAt A Rekd Sz o sy As
of A AEg SEIA S lole S Fa
3 dae] AX oA ol Az ARpEmE A
olof ¥4 LMl PGI,o} thromboxane A,
o el 2ol 2 Aulst IAS v =g ol
Lurt A=k Repds

Ll 4 LHBERe R LEILE fEstka o)A
& AN A LA W ERFEY 2T sl
A zpaA el 4 PGl 7t Felso] ol Hxe 4l
B5asbE £ 4 d9dnt® = ®KES HHIEBOR
A AT 1412 bk Bk PGl 7F Eal8e 2E =
A AE Aok 2 LEks} ohd A" ol
= PGLel 44 =27t Azbele Az €4 whg 7}
s4dol o5 wotaltt. PGl,v 4=& gy =t
A7t Ak£E "R 5 ol f Haldhe WATH Y
RN Bl 174 €4 v 3l S shxla ¢
ajj 0] 40

PGI, 7} Al o] mfTBfol vixlv |32 wol AY
HolAd 2 &bt F95 I gleh, Mehta 539 o] sol 4
A A o8 JAAA BRMNS fEshn
PGL, & 73t ax& WAt njoll o3had Alahg-
o FNEFv X520 Frlslgdon Fehe gt
e BT ELE K HRES dtgdod xyt
el gl o) o] dahx]dte] zh4de Ay
of. Ribeiro 5*¥¢ A3 582 IS AUY 3
ol PGl & Foistmned Ab&8 7447 o=, Mon-
cada§-¥-& 21 4% A Yxjoll Al PGl & A Falsted
A olshy] &dobe] dfgtal AEe FUbE #elslg
tf,

FR A EA AN A -Gl Ak ko] 5hE
73-¢oll+ prostaglandinso| ¥4 Bzl F2 PG,
7t eElselA EHago] hakse glE KoL Svbsla A
<o FEH R AeR A=Y w5 o)L A
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e AAA7lE EAE obge sk Yeb®E zof
ol9] 2 ZAlAl 4 PGLE 53 Il A a4 HF
7t FrkE A AlZe EHo] =i 3 wnst 9
o= 1% Aherne 5 'V A EF Heo = JFAIZ A
Al 4 PGl & Fod3ld A2 EFFrtel obdel 4kk
o] b= gleos 57 FHeke] A4S Aty
ot & Agdl 4 PGL & FoAg8w FollAe Sk
342 7)e} F3b 2 o7t glgixlnt AvEae AR
212l 100% o4& A3lsley F7HA7e Bae WA
i, FYEF 4 d4EF= 95% o4 100% A
£ 3488 Bk =4 PGlL, FHlA= 42
o] AbAFFol ZlEl FRed Bk A2 AL A
E ofzk Frbslo] stk

FeY AHEAAS o] &4 WEA AFAR= 24
+ 4oz zlulZe g EM (preload) & 20 cm
H,02] qfg o2 JdH3H wx $HF KFAM]-
ter load)E 100 cmH,02 YA AHA A7]5& =
AEhe Aol 2R 3t Al wkdely F3E 3
A 7} lof4] vl dejdln Huid AP HAE
& 47t ik

Araki 8} Lefer'¥& 47 4y 4= & o]&3ld PG
Lol A4 E 235335 I3 vh 252 PG
Lol & 2tdaairl=] wAlsls] 3l sAHFee
Asid oz wHste] A3 Fejui4 At A= P
Gl, 7} A2 2] B3 EAE 7RI Y& $93HS
ot & PGl& Ak&F o] xbubxd ATA 2ol 4] R
e RARRS 55k BBl Y A-E XA A o
Uz 224 kA sha, A E2uie] 2552 oA A A
A Axate] A4S kst e A B8 9 o vA)]
495 ukx| gt =3 PGl 4| ®9 lysosomeol| QF
Y& B Wty ole] Bgrl wESe] A 4
27F % 4 AL dyshedl 2 252 gluc
ocorticosteroid ¥c} 4 93l ge)dh o)4}
3} zhE Jlxd o2 PGl,v= BIRAE 424X E 25
Ed Al creatine kinase?] W &S Folm ATY B
S whxghe ) 2 A4 PGI, FoFo) 4 cr-
eatine kinase2] w|Zo| slepFuct HA a1 =
T AEY BEEES Auldos Avdtd ol 42
Az 33 asbrt AR o2 folhE FYIch

Ot BER o3t A2 &4 HZ 3ol
445 A zuhg F3le zkxb7] Natel Ca™e] djzkeo
2 AENE f==HA SHT® olwle Axy 4
3 Bl Hofe]l 23 Ab4o] B85 o| ®x]3] Ho

e A2 ol BERBRGL ATvE FE
3R] £3k Aol 4 o5 Al Al 4715 §4E A
= m AlZol H-Fo] 2n Ak Fi»(stone heart)
S 2 2 AYdlAE PGLE OHROER T
o FAloll HAskn 2ejn LEIEE 3R AN
Alapgle] A La) A Fq3gEk AEl T Aol 4
sl w2t BAF 35S F4F 25wk PGl
Fo ol 4l A7l Mg 95~100% 3]-5-= o
AY 7| zbsadel Al fAlsHe A WA ole
DEFIE A F PGLE Fodlozd BERRABo =Y
B AZE B3 F dv 754 A4Eka g

Eabstd L AgdlA DEBLE PGl Fol el 4 4
7% 3 o] w9 YT AL PGLo 4AZAE B
Zazlel ol do] BAHT Skl A2 Ak FF ¥
Abgo] Al S 58 Hel 9% JTe dglw A
o2 rhsct

V. B #

4 KE 407 KBRHHE Slo BH EB0MH
ol 4 PGl o] AR5 a3E astgich kL St
Thomas Hospital. O R S 2 #5385} A5 &
10C €202 6087 Al on 247 o FEREe] So
3ol BRI ¥ PGLe 5oz BRslojd L
Ik Az 3o LM EEES YEsR vadlgc)

4122 BKFIA Y creatine kinaseo] vz 3
Aslgla 4Ze BERES slolsk PGle azE
FHH e v A5k cohga 22 AaE gl

1. Avtg= PGl, RoFoll4] 382 =7} 7
ef 7ol Hl3] $dled 4 PGl o AM5S/tanE
Astgleh, A5 FE3%L BERL LHRERS ALY
A 3Foll A FL 4 (91£3.9%, P{0.001)< 2g3
PGl, T3l 4+ 248 95+£5.7 % (P<0.001 ¥
Tt AL 100 %9 HE54¢ ok I BFY
2 el A HE 90% Axo] 3B wgot A4
(PGL)d A& 96+6.2 %(P<0.001)ll 4] 100+ 6.4
%(P{0.01) Abo] & 2|3k A mpAbabFupe] fogt 2
7+ wAbskgl el

2. HmH BRE AdA7 30 ol 4 PGI, 5H9F
o A]Zol ol & BAKROEAE (1.224+0.19 ml/min, P ¢
0.001) 3 BREHEE(0.90+0.13ml/min, P<0.01)-&
ofe 7ol it ekl vkt Ao= viebye

3. Creatine kinase?| wWj&3k2 PGl, 5ol ol 4
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9.3+1.58 1U/15min (P {0.001) 824 &xq 45
g3, Az AoaES 81+0.9%(P{0.001) 2
23 EBAKS B AAY AxFA gmw 4.4+ 0.26
gm (P{0.001) o2 o} & 557t BAEA o Fof3t
Al 4= gl

4. LEERS AxtEu ALz A LBRERS 1
3jul Bodziwl A1 ¢o] sarcolemmas 5 =iy,
244w Hal W cristae 7} HBES otk e
mitochondria 7} £& sk 44k Al 2] €42 ¥l ub
W PGI, o Fodj4w A2 x| ngo| ulf }33
gt

Lol d3ls F3e o @ik Ok 4 PGI Y
A R ol Pt Ao 2 Jelpto =
3 BERES = At St dve Aoz HoH
szt
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