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Intractab’e shock in acute rnyocardial infarction is a well

recognized clinical pr~bl~ n, currently with no adequate effective

F therapy and a prognceis of inminent death. Although shock has been

defined in mechanical terirs of inadequate tissue perfusion, there

is increasing evidence referring shock to conditions of biochemical

abnorsalities with insufficient energy for cellular survival be-

cause of decreased ATP pro~ ictiori , mitochondrial damage , changes

in rt~~rbrane pecreability , and lysoscrnal m~rbrane n~~t1re leading

to irreversible cell damage and finally death (1) . ~~‘ocardial

• cell death is believed to occur when intracellular ~rr~ drops bel~~

2. ~ nr les/gram and the anaerobic metaboli~n of the isd~~ ic heart

cell stcps (2) . In studies on the ischemic - anoxia produced by

• the acoeleration of rats at 20G, survival was markedly erthanced

by drastic changes in pituitary - adrenal hocra~es which correlated

with the maintenance of high leveLs of M’P in the brain (3 ,4 ) .

In subsequent striies on degenerative biochemical changes in anoxic

stress (5 , 6) a ne~ bioregulatory factor was discovered which has

the unique property of conserving the iredianisns of oxidative

£thcephorylation of isolated mitochondria in-vitro under degener-

ative conditions leading to a xirçlete loss of the oxidative energy

t.ransfocx~ tion process (7). This factor, currently tecred P(~~,

is a tetr~~~ric condensation of prostaglandin B to form a ne..i

stable free radical rt~ lecule which has lost all the described

properties of the parent pros tagland.ins .

- 3 -
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When mitochondria are sla~ly degenerated by ageing at 0°C,

foll~~ed by a brief additional Mg~~ catalyzed degeneration at

roan ta~ erature, a oa~çlete loss of oxidative pbosphorylation

activity oocurs • The addition of to the reaction preserves

and restores oxidative phosphorylaticn to normal levels (7) .

In studies with inhibitors or Ca~~ o~~ eting for phosphory-

lation sites on the mitochondria, acted to sustain oxidative

~~osphorylation. In the interplay between Ca~~ and an in-vitro

~~ itrol of the phosphorylation level c~ild be achieved. Al]. the
• effects of P~~ were observed with so called “damaged” rnitochcxidria.

No effect of was observed with normal, intact znitochondrj a.

These findings suggested the use of Pc
~~ 

in-vivo for the anelior-

aticn and survival of cellular catastrophes invol~’ing rnitochondrial

damage resulting in shock and death which oocur in ischemic -

anoxia pathology.

The intent of the e er~~~~tal design to be described was to

evaluate the ef fect of P(~~ in the restoration of tissue and organ

function after lethal periods of isch~nia and hypoxia had rendered

the organ intractable to the ncst effective therape.itic procedures

prevalent. Based on preliminary studies , the experimental procedure

involved evaluation of overall cardiovascular recovery and survival

after a period of ventricular fibrillation in heart with a left
• ventricular infarction f run a coronary ligation. This provided

an insult of such magnitide that recovery in untreated azthnals is

at best difficult and is associated with a hi~~ incidence of

L ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ - . 
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rrortality (8,9)

~ rHccs
Two species of rt~ rikeys, Phesus (Nacaca z~ulata) and African

• Green (Cer~~~ithecus aethiops) , were used in these studlies.

The rtu-~keys were anesthetized with penttha.rbital (3oxig/Kg)

and a thorocotuny on the left side bet~ieen the 4th and 5th

intercostal space was perfon~~ under positive pressure artificial

respiration . Catheters were placed in the thoracic or abdaninal

~~rta for direct recording of blood pressure and heart rate, and

in the vena cava for venoclysis with Normasol, p11 7.4 and drug

injection. Lead 1 ECG was obtained with intradectal electrodes.

Two stainless s~~~ l ~~G electrodes were anchored 3an apart into

the skull along the t~~~~ral ridge , positioned not to penetrate

the dura. After stabilization, so that blood pressure was constant

and the animal was able to tnairttain hirreelf withoft assistance, the

left anterior interventricular coronary artery was ligated, just

past the major branch, approximately lan fran its origin . In

separate studies on rhesus rrcnkeys this ligation procedure caused

• an isdtanic region extending across the interventricular septLxn

equal to 27% of the left ventricular mass, when measured by the

radioactive rnicrosphere technique (10) .

In addition to arterial blood pressure , ~~G, E~~ and heart

rate which were recorded on all animals , ~reasurerrent of myocard.ia].

seguertt tension, intraventrj cui.ar pressure, ~~/dt and end-diastolic

pressure as well as arterial b lood gases, pH and blood glucose

- 5 -
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levels were carried cut cii selected animals. Since this latter

• information af forded little data correlative with the recovery or

death of the animal fran cardiogenic shock, it will not be referred
to further in this paper .

FoUo.~ring coronary ligation, ventricular fibrillation (VF)

occurred spontaneously in approximately half the animals in 10 to
20 minutes. In those animals that did not fibrillate within the
20 minute period after ligation, VF was induced electrically . VF
was permitted to ~~~tinue for specified time periods ranging fran
4 to 24 minutes .

AT the end of the prescribed period resusci tation procedures
were started ~~isisting of (a) intra-card.iac injection of 50~l~ g

norepinephrine, (b) cardiac massage and (c) electrical defib-
ri ilation. The treated nxxikeys received the sane resuscitation
regirr~~i as the controls but with the additional intra-cardiac

• injection of ~ mg,5~g ~~~~ 
folla~ied by cardiac massage arid electrical

defibrillation. For these experiments the sodium salt of

• was dissolved in Nonnasol R to a concentration of 10 mg/rn]..

Once the electrical and oattractile activity of the heart were
reestablished , the animal was alla~ed to recover spaitaneously .

If the anixn&l r~ na.thed in shock, norepinephrthe (1-lQ.t g) was in-

fused intravenously until the animal attained a blood pressure
• level over 40/2Ortrn Hg. or became refractory to norepinephrine and

died . If the naikey recovered fran the first 4 m m .  fibrillation
• and becane stable for a period of 20 to 30 minutes , the animal

was subjected to the next higher fibrillation period of 6 minutes.

- 6 -
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In this manner anurrals were subjected s~~ientially to episodes
of fibri llation of 4 , 6, 8, and 12 minutes duration with 20-30

minute recovery periods ~itil the animal died in shock or

successfully surviv;~1 the course. The last group of animals

which recovered f ran 12 minutes of VF were subjected to 24

• minutes of VF.

Paired control and treated naikeys were run on the sane day.
;~ien a ~~ itrol was run in the ncrning of one day and a treated

• animal in the afternoon, the order was reversed with the next pair.

In so far as possible, selection of the animals was randan except

that in four instances , control Iraikeys , that had failed and could

not be brought out of shock with NE , were then given 
~~~~ 

and
• revived to survive the sequential fibrillation series to 24

minutes.

• To permit evaluation of the cardiovascular shock or recovery

with over a period of time after one ischemic event , another

series of stix3.ies were made with African Green naikeys taken to

shock state by a single fibrillation episode of either 8 or 12

minutes . Pecovery procedures were the same as with the sequential

fibrillation stay except that the blood pressure levels Ui those

animals that survived the initial fibrillation period i~’ere traiitored

for at least t~o hours . In general those animals that fai led in

shock did so within the first hour after defibrillation. This

also permitted the determination of the ability of norepinephrine
to mintain blood pressure levels in the presence or absence of

- 7 -
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arid thus evaluate the synergistic effec~~ of P(
~ 1 arid nore—

pinephrine.

For the electr~ i rni~~oscopic s tudiss, rat liver mitcchondria

were isolated by differential centrifugation in 0. 3M sucrose

• containing 0 .OO1M versene ph 7.4. The freshly isolated rnitochon-

d n a  were centrifuged at 6000 G, the sucrose r~~~ved and th~ pellet

layered with cold 5% glutaraldehyde in 0. iN phosphate buffer ph

7.4. At 30 minute intervals the fixing reagent was changed 3 times,

• I and the mitochaidria ,packed in ice ,were sent for electron rnicrosa ç~y.

For the control and 
~~~~X experiments ,4 n~ of fifth day mitochondria

were izrcI~ated in a mixture containing 0.1 ml of 0.1 M potassium

phosphate buffer pH 7.4, 0.16 in]. of 0 • 2 M sodium~~ ketoglutar~te ~~~‘

7.4 , 0.1 ml of 0.1 M Mg so4 in a total volume of 2.01 ml for 15

minutes in a shaker-bath at 27°C. At the end of the preincubation

period, the assay for phosphorylation was begun by the addition

of 0.15 in]. of a mixture of 0.05 ml 0.1 M ~DP , 0.05 ml 0.1 M ?~~
and 0.05 ml of 2 M h~ 1, followed irmediately by the addition of

0.04 in]. of 3.75% solution of crystalline bovine serum albumin to

give a final mixture of 2.2 ml. Five control vessels,and five

vessels ~~itaining 1Qi g P(~~ in addition,were reacted for 20 minutes

with ~~istant shaking . The reaction vessels were pooled in ice

cold tubes and centrifuged at 10, 000 G for 10 minutes. The super-

natants were r~ roved arid analyzed for phosphate estenified ( 11) .

• The pellets then were fixed with cold buffered glu~~.ra].dehyde as

before .

- 8 -
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The fixed pellets fran each of the three samples were minced

with a fresh degreased razor blade and the resulting segr~ nts were

Urrrerscd in Millonigs-phosphate buffer (NPB) and fixed further with

1.0% 0504 in the ~~B for one hour. Fixation was followed by rins-

ing in several changes of MPB and dehydration was accar~ lished in

a graded series of alcohols prior to einb&ding in Epon . Thin

sections were obtained of first day mitochondria, f i f t h  day

mitod~ondria degenerated for 15 minutes and reacted for oxidative

• p1tosphoxylatiori for 20 minutes , and fif th day rnitochondria plus

~~~~ 
degenerated for 15 minutes and reacted for oxidative phos-

phorylation for 20 minutes.

For the electron microscopic studies of heart tissue, the

~~rta was cannulated and the beating heart was perfused retrograde

at a pressure of 110 an H20 initially with buf fered saline and

subsequently with 1.25% glutaraldehyde buffered with 0.08 M sodium

cacodylate and 0.03 M Cad 2 (pH 7.4). Snail tissue samples were

~~tained fran normal, marginal (peni-ischanic) and isd~~nic regions

and were Ut~~ rsed in the same fixative for a period of a ½ hour .

Tissues were further trirm~~i to se~ nerits measuring about 0.5 rrm3

and post-fixed in 1.0% 0604 (0. iN caco~yLate with 3.0% sucrose)

at 4°C and brought to ro~t tar~erature for a total post fixation

of one hour duration . The tissue was rinsed 2 tines in 0.2 M

cao~~y1ate buffer dehydrated in a graded series of alcohol solutions
(30 , 60, 90 , 100 and 100%) followed by ~o changes in propylene

- 9 -
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~ cide , impre~ iated and ~~~edded in ep~ cy. Thin sections of the

~ thedded tissue were cut with a Sorval Z~fl’2B u1tramicrotat~ fitted

with a diancrid ~ ttfe and subsequently post-stained with uranyl

acetate and lead citrate. For each study , nine electron images

of each of six examples were recorded at electron optical magnifi-

caticris of 3, 400 X and 8, 200 X employing an W~~ ~MJ-4 electron

microscope. ~.U the ~4 thsezvations and interpretations were made

by Dr. Jc~in T. Stasny.

• A 
- 
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R~~ULTS

A. Stt~ies in Rhesus

1. Initial Fibri llation. Table 1 st.~marizes the results of

the survival of the rhesus trcnkeys subjected to periods of fib-

rillaticzi. A total of 10 ~~~tro1 and 14 treated animals

were subjected to an initial episode of VF of 4 minutes duration .

At the end of this period , 6 of the controls and all 14 of the

c treated recovered . This difference is statistically si~~ifi-

cant at P < 0 .02  (Fisher ’s exact test) .

• 2. Sequential Fibrillation. After the initial episodes ,

animals were allowed to recover and were subjected to progressively

longer periods of VP of 6 , 8, 12 and 24 minutes. As shown in

- 

• Table 1, the c~imiilative survival in the controls decreased fran

60% at 4 minutes to 25% after 12 minute episodes . In the

trea~~~ group, the 100% survival rate after 4 minutes of VP was

~ .thtairied at 88% after the sequential exposure to 6, 8 and 12

minutes of VP . This difference is statistically si~~ificant

• (P~ 0.01 by chi square test) .

Six of the P(~~ treated anuitals that survived the 12 mm -

ute period were exposed to 24 minutes of VP . Of these, 5

survived . Of the four controls that survived 12 minutes of VP,

~~o were tested at 24 minutes. C~e of these survived . Specific

statistical o~~parisons of the survivors after 24 minutes of VP

is not possible since not all the animals sur”iving the 12

- 11 -
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Table 1

Survival of Control and P(~~ Treated Monkeys

- : Subj ected to Incr~ tenta]. Periods of Fibrillation

after Left Anterior Corona~y Artery Ligation

Control Treated
Fibrillation Fibrillation

ç minutes Time minutes
~~~~ey M~~key

- ‘ Nurber 4 6 8 1 2 24 Nurber 4 6 8 1 2 24

31C F 15E S S S
35C F 19E S S  S

37C F 20E S S S S

32C S F  21E S S S S
33C S S F 22E S S S S
24C S S S S 23E S S S S
45C S F 27E S S S S

lid F 29E S S S S
12C F 3~~ S S S S

13C S S S 38E S S S S S
l6C S S F 39E S S S S F
17C F 40E S S S S S

• • 26C P 41E S S S S  S
25C S S S S  F 42E S S S  S
44C S S S  S 43E S S S S

CLzmni.l attve Per cent Survival

60 44 31 25 100 94 94 88

(F) indicates naiicey fai led to recover fran the fibrillation and

susta.th a blood pressure above shock . (S) indicates successful

recovery out of shock for the trial period.

- 12 -
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minutes of VP were tested at 24 minutes (Table 1).

In aàitticn to the difference in survival , it was noted that

rmr~t of the treated animals required one electri c shock and Limited

cardiac massage for recovery, while t1~ controls often required

repeated shocks and considerable cardiac assistance . Many of the

treated animaLs defibrillated spontan~~usly and required

repeated eledtrical VP to maintain the fibrillation for the

experimental period . This was rarely observed in the controls.

Tab le 2 s~m~narizes the frequency of spontaneous defibrillation in

~~~tro1 and 
~~~~ 

treated mr~~keys . -

B. Studies in African Green Monkeys.

1. Initial VP. Studies involving a single prolonged episode

of VP were made in 14 ~~itrol and 14 treated Afric an Green

nuikeys. ~~o different groups of animals were exposed to a single

episode of either 8 or 12 minutes of VP. The results , sur~narized

in Table 3 , were similar to those obtained in the sequential VP

studies in rhesus .

In the P(
~~ 

treated group, 89% recovered after 8 minutes of
• VP and 100% after 12 minutes . This ~~~trasts with 33% and 40%

F survivals in the controls. The differences are statistically

significant (P < 0.05) . The ~~ rbined survival (8 arid 12 minutes)

was 93% for the treated as cxxmç~ared to 36% for the ~~itrols

- 
• (P~c 0.01).

This experimental design , involving a single episode of VP

- 13 -

L:~ ~~~~~~~~~~~~~~~~~~~~



r , : 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  •

I NADC -77308 -60

Table 2

Spon tanecus Reócvexy fran Ventricular Fibrillation After

¼ Inô~ced Myoca.rdial Infarction in Rhesus Monkeys

• Fibrillation Incidence of Spontaneous Defibrillation
• Tima Controls P(E Treated

Minutes Percent

4 0 8
6 7 34
8 7 39

12 0 29

Mean 3.7 28

- 14
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Table 3

Survival of Control and Treated African Green

• t.trikeys After a Single Fibrillation Episode

CCrItrOi P(B,~ Treated

No. Surviving No. Surviving
Period of VP Total Tested % Suxviva.]. Total Tested % Survival

8 minutes 3/9 33 8/9 89*

12 minutes 2/5 40 5/5 100*

• Total 5/14 36 13/14 93**

• ~P cO .05

~~ ~0.01

- 15
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made possible extended observation on the cardiovascular status

of the animal after VP for a period of 2-3 hours. It was noted

that a significant n~.r~ber of the control animals, whith recovered

cardiac activity af ter initial resuscitation , rapidly deterior-

ated into a state of circulatory shock . During this period,

repeated aãninistrations of NE to these controls resulted in

short-lived pressor effects whith becama progressively less

( and/or required higher doses of NE) t.~ ti1 no effect could be

• obtained with even very large doses of NE. In contrast , many

treated animals responded to NE with a pressor effect

whidi did not return to the previous baseline. Thus in the

treated group, progressively smaller doses of NE were

needed to maintain an adequate blood pressure and eventually the

pressure was maintained without any exogenous NE .

2. Infusions of Catediolamines af ter Pesuscitation. To

evaluate this ~~enatenon rxore directly, a series of experimrits

were carried out where arWnai.s were infused caitint~ usly with NE
• fo11~ iing a period of VP and the infusion rate was adjus ted to

maintain a diastolic pressure of 60nirHg during the post fibrillation

period. The doses of NE required to adiieve this ranged fran

0.3 to 30~ g/min . Six a~~trol and 12 trea ted African Green

rrriikeys were studied after the initial resuscitation . In 5 out

of 6 ~~ itrols (83%) the aro~~t of NE infused had to be progressively

increased to maintain the desired pressure. In 4 of these animals,

- 16 -
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the pressure ~~i1d not be rnaintai.ned and the animals died. By

~~~trast , in 7 out of 12 trea ted anima ls the arr ~unt of NE

infused necessary to maintain 6Ormf~g was progressively decreased ,

and a.U 12 animals survived.
• In many other experi~~nts with ~~itrol aninals that had

shock levels of bicod pressure, the a~ nir.istration of repeated

doses of NE did not produce a pressor effect . When these animals

were treated with 
~~~~ 

subsequent administration of NE at the

previously ineffective dose levels, usually produced distinct

• pressor responses.

3. Catediol~nines and PC.~~~ In initial studies, it was

- . 
fow~d that intracardiac administration of norepinephrine (NE)

during the resuscitation period izr~ roved greatly the incidence

• of r~~overy and the subsequent status of the animal in both

<~~~tro1 and P~~~ treated preparations. Therefore , intracardiac

NE was included as a standard rreasure in the studies reported

here. Cbservations made during these initial and subsequent

studies suggested that there was a potentiating effect beb~een

• and catediol~ nines. To determine whether P~~~ potentiated

any of the cardiovascular effects of NE in normal animals, 3

norma~1 anesthetized nu~keys (Greens) were investigated for dose-

response pressor and cardio-accelerator effects of NE (2-~ g/kg)

before and after These did not denrr~strate any potentiating

effect . Hcwever, in the animals with blood pressure at shock

- 17 -
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• levels, pretrea~ rent with P~~~ produced a thstthct potentiation

of the pressor actions of NE. Pn exan~ le of this effect is sh~~n

in Figure 1.

C. Electron Micros~~pic Studies.

1. In-vitro studies. In an effort to c~~~ lerent the kinetic

studies in-vitro, and the recovery studies in-vivo with correlative

• dianges in mitodiondrial structure, electron microscopy was

carried out on isolated mitodiondria subjected to degenerative

c~~ditions in the absence and presence of These are ~~ rr-

• pared with the sections of heart fran areas o~~sidered normal,

bordering the infarct area, and fran the infar~t area f ran ~~~trol

~~~ treated rra~keys , af ter coronary artery Ligation and

fibrillation for 12 minutes foli~~ ed by the resuscitation pro.-

cedures.

The ~4 thservaticrs made in the three mitochondrial prepar-

• • ations are illustrated in Figure 2. Figure 2A represents normal

1st day mitochondria which shcws the intact and ha~~genous

~~~tditi on of the original isolated preparation. This is ~~ isistent

with the high phosphorylation ability of this preparation (6u n~ les

of inorganic phosphate esterified per 4 rt~ mitochondria for the

20 m m .  reaction period) . Figure 2B shc~is mitcxthondria degen-

erated for 15 tnin . and reacted under condi tions for oxidat ive

phosphorylation. Th.is preparation esterified only 0. 3�~ir ~~les

of inorganic phosphate and served as the control. The mitochondria

- 18 - 
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Fi gure 1.  P otentia t ion of the Pressor Effect of Norep i nen hrin c’ ( XE ) f c l l o w i n .z
Treatment with  PGB.~~ This an ima l had shock levels of pres sure and nc~ I i ~z~ b l c
responses to ~0 and 40 ug doses of NE . The same doses of NE produced ~ar k ’ J
pre ssor responses when tested within 3 to 5 minutes a f te r  the a d m i n i s t r a t i o n
of 10 mg of PGB x

- 19 - 
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Fi gure 2 . Tran smi ssion Elect ron ~Iicroscopy Observations on Isolated Rat Liver
Mi tochondria. (A) Rep resents first day mitochondria which have excellent homo-
geneity. Almos t all the mitochondria are in state III or the condensed config-
uration which represents the low energy state of isolated rat l iver mitochondria .
The matrix material is very dense . Only very few mitochondria are not in the
condensed state.  Some microsome s also can be seen . (B) The f i f th  day mitochon-
d n a  i l lus t ra ted here also shows some good homogeneity . Howeve r , a l l  these
rn ito ch cndria are swollen 2 to 3 t ime s the size of the f i r st  day mitochondri a ,
hut do not appear lysed and show only a very small amoun t of granular intra-
mit ochondrial content and almost no ren~ ants of cristae . (C) These are f i f t h
day mitc ch on dri a t reated with rGB X which are less swollen than the un t reated
mi tochcndr i a (B) and contain no re matrix material and memh ranous der iva t ives
of cris tac . The small initochondria appear more dense than the sw ollen nito-
chondria. A ll three plates have a magnification of 0 ,000X.
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* in the ~ 4 of Figure 2C are similar to the control (23) except that

]AA g of PGBX were added to the reaction mix. In the presence of

oxidative phosphorylation was arserved and the mitochondria

esterified 4. 36.i rroles of inorg~~ic phcsphate in the equivalent time.

Details of the ~~ differences are outlined in the legend to Figure 2.

2. In-vivo stu jies. Tisa~~s for the electron microscopic

studies were r v e d  fran three untreated and three treated

animals . Sections were taken fran the lef t ventricle: (a) fran

a distant, apparently undanaged area in the base of the lef t

ventricle; (b) the border of the infarcted area ; and (c) the

middle of the infarcted region . Representati’ie sections are

sl~~ n in Figures 3 and 4. Tissues sha~n in Figures 3A-3C were

taken fran an untreated animal after a 12 minute period of ‘J? once

it was established that the ani.inai. failed to recover . The P(~
treated azthral (Figure 4A-4C) was also e~çosed to 12 minutes of

- - 1/F , but survived and was sacrificed after a b.’o hour rr~~ itoring

period. In general , the mitochondria tissues fran treated

• animals are in good condition. Although many mitochondria in the

infarcted and border areas are ~naller than normal and sha~z bizarre

elongated shapes , their matrix density and good condition of man-

branes suggest structural integri ty . This differs ~~~siderab1y

f ran the degenerated , vacuolated condition c’f the rnitochondria

fran equivalent regions of the untreated animal hearts (Figures

3B and 3C) .

- 21 -
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Fi~ ure ~~. Tran smission Electron M~cr oscopv Observa t ions on ~ iss i i e S c t i c :~s
from an Untreated Monkey with Mvocard ial In f a r c t i on  a ft e r  1. ~- ‘i~~~ c-~ f
( A )  ReDr esents the Non-infarcted 1issue from t}~~ Base of th e  ~~~~~~~~~~~~~~
~J)~~ 

the Border :one; (C ) the Center of Infarct ed ••\ rea. ( \~ n t He  n c n -  —

~~

in fa rc t ed  reg ion , the mitochondr ia in some area s are ‘.% e l l  p re se r :eo  w h i l e
oth ers the~’ are lacking in matrix densit hut sl ow in tac t  c r i st ac  ~d ich ar
prominent and numerous . (B) In the borde r :oi~e , t he in i t o c h c n d r i a  are
broken and leached of matr ix  mater ia l .  (C) In the in fa rc ted  ar ca , the m i t e -
chondria are swollen , hig hly disorg an i: ed , and deteriorated. The c r i s t a c
are in short segments w i th in  a leached matr i x . M agni f ica t ion  in  a l l  thr e e
3ections is 24 ,600 X . 
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Figure 4. Trans mis .~i~ n Electron M icr osc oj~~~~hser cat~ons on Tis~ uc Sections
from a Monke y w h i ch  was Tr eated with  PCh- -~ ; itt c r 12 Min~ites of YE. ~:\T Renre-
sents the Non - in  f a rc t cd  T i .~ sue from the hose of the L ef t  V e n t r i c l e :  (P the
Border .\ r ea: ( C )  the Center  of the Infa rcted .\rea. (A) I n  ti~e n~i~~in Ca r~ tcd
reg ion , the n i to c l i on dr i a  ma trix is , in gcnera~TUense and in good c o n d i t i o n .
(B) In the border zone , the mitochondria are numerous , intact and dense hut
arc plc’omorpliic . (C) im the infarcted t i ssue , the m ito chond r ia  are s i m i l a r

• in condit icn to the se in the border zone (3); the : are numerous and s u a l l

L

and some show i~~us ual shapes but are nevertheless intact and dense . Ma~m i f  i-
cation in a l l  three sect ions is 24 ,ÔOOX .
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Discussion

The primary hypothesis underlying the experiments described

is that since has a unique in-vitro action in the c servation

of oxidative ph 3phorylation under ~rtditiats degenerative to

mitochatdria, a similar action ir-vivo shaald serve to enhance the

survival of an ischanic anoxic crisis which incurs mitochondrial
• danage. This ii~~lies that cardiac muscle contraction is limited

by the rate at which chanica]. energy can be supplied by the inatabolic

process . A1tha.~gh there is ~nple evidence (1) for biochenical and
- 

• rivrphological changes in the infarcted myocarditra with considerable

danage in the forms of vao.zolation , swelling and lces of crysi-~l line

structure seen in mitodiaidria, it is in~~rtant to rananber that

a distinction exists bet~een biochanical and structural damage.

Mitcchondria,which may take a 1rz~g tima to recover rrcrpho logically,

sean to regain and maintain their functional integrity even t~~ .igh

they appear ragged and disrupted (12) . Despite these elei~ nts of

uncertainty for specific sites of dysfunction, there ranains the

overall failure in the mechani.~n ~~ ipling energy transformation with

energy utilization. It is in this machani~n that we propose a role

for which reacts synergistically with norepinephrine to re—

establish the flo.~, of energy to the contractile process in cardio—

genic shock . PGB~ can be definitively associated with conservation

and reactivation of rnitothondrial synthesis of ~TP f ran the in-

vitro findings (7). According to Ellis (13) the evidence for

norepineph.ririe action on contraction seans to be at sane site

- 24 - 
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~~apling netabolic energy to the contractile process. Catecholamines

sirt~Jltanecusly increase ATP breakdc~ri and contractile force (14) .

P~renergic mediators also increase the mnaxiit~~n velocity of shortening

(15,16) . The canbined action of 
~
‘
~~x and norepinephrine then could

reestablish both sufficient energy and sufficient utilization to

acca.u~t for the survival after the ischanic crisis and cardio~enic

sbock.

- ~. The repeatedly conf irmed findings that has no effect or

• even a ~ na1l inhibitory action on intact xnitoclu~dria in-vitro and

no dam~~strab1e effectS on the normal animal cannot be overanphasized.

The dr~ natic actions of occur only with damaged mitochondria

in-vitro or af ter ischanic pathology in-vivo. The effects ~~sezved

suggest that can rep1a~~ or bridge an essential factor in

energy transformation lost when mitochondria are swollen and damaged.

In this respect it resanbies a vitamin functioning as ccenzyrre which

has little effect on the coenzyne saturated sys tan but markedly

activates the coenzyrre depleted systen.

The results of the stxiies cbtained in both Rhesus and African

~~een rma~keys indicate that trea~nait with P(B,~ greatly ii~~roved

the incidence of survival af ter pericds of camiplete cfrc~latory

arrest produced by VF. Recovery after ciro.ilatory arrest depends

initially en the restoration of electrical and mechanical activity

of the hear t and subseguently on the reestablishitent of the car dlo-

vascular contro l mechanisns responsible for the maintenance of

- 25 - 
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effective blood pressure levels . Improved recovery is therefore

likely to involve primarily cardiac effects fofla.,a1 by reversal

of the shock state.

The experimental methods used in the present studies included

prior insult to the heart by coronary ligation involving a significant

prcportion of the left ventricle . Under these conditions ixrproved

cardiac resuscitation ca.ild be the result of improvanents of (a)

ee general sta~ 1s of the entire heart , or (b) primarily the mar-
- 

- gina.]. isdtanic regions .

It is well ]c~a~n that the cardiac resuscitation is rr~ re

difficult in the presence of coronary occlusion (8 ,9) . There-

fore , one possible interpretation of the results is that treatnent

with in some way alters the degree of myocardia]. injury

associated with coronary occlusion . This ~~z1d be the case if

• - reduced the size of the metabolically injured rnyocardiun fol].a~ing

corona ry occlusion . It is na.z generally believed that the tissue

• injury produ~~~ by coronary occlusion includes a significant

portion of marginal tissue with diminished blood fla.,, the ultimate

fate of which depends upon the discrepancy between the tissue

metabolic danands and the reduced circulation(17,l8,19) . The effect of

in restoring phosphorylating activity of previously damaged

mitochendria in-vitro, is ca~sistent with the possibility that the

results of the pres ent study cculd be due to actions en the

rna~gina1 areas of coronary occlusion . Mc~~ever , ~~~sidering that VF

- 26 -
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produces generalized hypoxia in the entire heart, an ~~ua1ly

likely action of 
~~~~~~ 

(again based on its action on mitochond.ria)

is that it affects the ability of the entire heart to recover .
• Z~tst Likely , both factors play a significant role in determining

the difference in the survival between control and P~~~ treated

• animals in the present experiments .

Altemiative interpretations of the results also should be cxm-

sidered. It is possible that the observed effect of in the

intact animal is untelated to its actions cxi isolated ntitodiondria

• and represents unrecognized effects on the sarcoplasmnic reticultrn

or other cellular n~ nbranes such as lysosares . Preliminary in-

vitro studies suggest a stabilizing effect on lysosares isolated

with mitochaidria. Morecver the in-vitro effect of in

favoring phosphorylation to Ca~~ uptake may have its counter-

part in regulating excess in the contractile process of the

anccic myocardium. It is also possible that the cbserved

in-vivo effect may depend on interaction between P(EX and other
• naturally occurring cai~ ounds. In this connection the potential

~~~~ 
and circulating catecholamnines is of

particular interest in view of the ~~servations made during the

present studies on the biological interactions between and

norepinephrine. All these alterm~ates represent plausible specula-

tions which are subordinate to the firm experimental facts of

- 2 7 -
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action en mitodiondria. -

A1t1~~igh P(
~~ 

is a polymeric derivative of prostaglandin B,

it has none of the reported activities of any of the na.~n

prostaglandins. Both its rrolecular size and structure which

includes a stable free radical caiçcrtent favor a unique metabolic

action not shcMn by the rraianeric prcstaglandins. It is also

unrealistic to expect that PCBX would be ~~~verted metabolically

to a naianeric pros tag].and.in. Therefore , it would be unlikely

- 

- to have biological properties attributed to the ]cia~n prostaglandins.

has rio structural similarity to PG~ (or PCI2 ) recently

reported (20 ,21) .

In g~~eraL the present results favor the view that

has an activity in-vivo similar to that previously d~~~ristrated

in isolated tnitochcndria. then would constitute the proto-

type of an entirely new class of canpounds whose biological

activity would involve restoration of metabolic functions

folla.ting hypoxic or ische~nic injury . Pharmacological ccxnpounds

possessing such an activity would have a broad application in a

variety of disease and tra~~~tic states .

- 28 - 
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