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*Cell Injury in Shock, Anoxia and Ischemia®
2 A.Cowley, H.D. and B.7.Trump, Editors
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The Tidewater Inn, Easton, Maryland !
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Probably 4

for the first time auimorisies in cellular path-

obiclogy, §Pock. ischemia, and myocardial infarction, central

nervous system? st@oke. etec., discussed in depth common

problems. The results make it clear that many if not all the

important problems in these diseases have common sources at the

cellular and subcellular levels.

A prime example of this is the emerging imporsance

of c¢alcium regulation in this process. Dr. Carafoli discussed

the prineiples of calcium regulation in normal cells and Dr.Trump

showed evidence of i1ts involvement in cell injury. In the normal

cell Carafoli emphgksized the imporiance of mitochondria in

regulation of cytosol Ca++ which continually leaks inteo the cell.

In nmuscle cells the sarcomplasmic reiticulum alsoe contribhutes.

Jr.Trunp pointed out that in the normal cell caleium has many

funéﬁtions inclwding the etabilization of the cytoskeleton znd

and micyo{ilaments as well as Iz modifying cell-cell communication,
_and cell junctions in tight epitheleal layers. Iﬁ:éEEEEEESEZZEQTEQ

with anoxiz, ischemia or sepsis’calcium regulaéion fails. In ischemia

thisg appears to be primarily due to loss of mitochondrial regulation

whereas in septic shock increased plasma membrane permeability may

Ceaf rlmn

contrivbute. Increased cytosol caleium also causes conirzction

and dissociation of cell-cell interactions which could contribute

to inecreazaged vascular permeability. 1t was speculated at the meeting

iha; this might be modified by methylprednisolone. The Iincreaced

cytosol calcium may also aciivate cytoplasmic phospholipases which
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cause irreversible membrane damage. Di.Sayeed also commenied on ©e

the importance of membrane pumping systems in hamorrhag'f;hqqk

in the liiver pointing to the fnactivation of the sodium-potassium
ATPase - _while this appears 10 be a primary result of an energy
deficit in the cell we cannot , at present, exclude factors whioh
might also damage the cell membrane. Dr.lergner, discussing
myocardial infarction, alsco emphasized the role of phospholipases

in modifying vioenergetic mechaniems, especially as phospholipase

volume and

affect cell membranes. Dr.Reimer also discussed lack ol Eu:xn ion

regulation as a key factor in the onset of irreversibility in
experimental myocardial iwfamxian infaretion. It seems clear that

fazx future interventions should be developed to modify intraceilular
?2;;22:; retard entrance of intracelliular nxkzixmxﬁﬁﬁxpnxxi“‘- =z and/or to
inhibit the effects of calcium. The role of lowered exiracellular rh
in protecting cells against anoxia and in vitro systems could relate .
+o these effects. Increased autophagecytosis is a characteristie

of sublethally injured cells, especially in chronic sepsise. Dr.
Bessman emphasized the_sz?ocrine ma;hinery set ;ntoreffect wviich is
predominantly catabolié and Dr.Cowley and Jones comnmenved on the
numerous autophagic vacuoles turnéng over cells in the ilver and
pancreas. Cnce again Trump pointed outi the possibﬁ% role of
Rizrrswukar microtubular interference in this progess since calelum

b et iaclls tis Mratcre 4~d3m4%4
ionophores can reproduce the same effect, It is clear that wide-~ “~

spread autophagocytosis is 1he£2ﬁli?ab1e mechanism of protein turn- p
over and can easily be induced, by administration of glucagon.

Cerra and Siegel emphasized the tremendous elevation of serum

glucagon in septic shock which fits together very nicely. MNodiiivdzion

of the calcium regulating protein calmodulin could be another
T —

important factor.
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Discussions of therapy in shock were extensive. Clark S

presented detalls of recent experiments on fluorocaribon emuislons

o e ——

wnich are abdle to sustain life in rats subjected to hemorrhazic
shock. Complete blood replacement with these artificial dloods

is possibie. The concent mentioned by Clark, that these ghould'not
be considered as blood substitutes but as resuscitation mediz which,
in future, may well be far superior to bleod or bleood components.

This wak also alluded to by Wilson in a discussion of future

treatment of shock inwhich the need for artificial organs, including
those for the heart and liver are poscible but presently beld up ;
by lack of surfaces which resembel endothelin. With Clark's solutions
and their derivatives in the future, such problems would diszappear,
pudiniyx pouuibly a muajor broukthrough. In the arca of cyclic
nucleotidesn, Murad reviewed the uubjoet and sugsasted that important
interaetions occur botween cyclic 2%;‘und calacium (100 nbove) can .
ocaur. le also mentionnd i pousniblo mechénlnm lor nitrite;}nn&
nitroglycerin ffax and related compounds on vascular dilazation

through free rndigiﬂ rmeshanioma. The eatire arca of vagcular
modiantors was rev;Lwed by Lefer who utresswd Lh Ea;gcnce of interegpt
in anglotenuin, 2 now annloy with which he is working PEA2 which
bloclka thrnmhggiiﬂﬁw. arnd Lhe continuing importacco of platelet
aclivation.

Monitoring of patlicentu is entering i new ora. The cra of
cardiovaseular monitoring in eusential, obviounly, Tor resuscitation
amel mainbenance , is woon Lo be replaced by obher types of bicchemiecal
Aul collular aludies on Llusuen rather than on blood. 1t wan piresoed

Ly both Bongman ol Wiloon that looking at bleed in not satiuluctory
il LAt we nood Lo improve oucr blopiy maiz mébhodq lor cnuyme
annly:sin and analysis ol the ulbricbructural level.  ddvances arc

alisa beilm: made in bransnluslon thernpy. Ben Dawson roviewes ihe
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development of a committed PogE}on of the medical caenter Blood Bank
to a large ICU stressing the u;e of untyped O+ blood which does not
jead to fatal reactions and which has been very successful in
resuscitating Patients with blood in large quantities.

géﬁ?:cshock was extensively discussed ky and of particular
interest was Dr.Mela's discussion of the role of sepsis In the central .
nervous system in modifying permeability and interfering with CNS
metabolism. This ic something that needs much further gtudy.

fhe role of the liver ws one of the inportant organs
in multiple orgon failurec was stregoed by Dr.Cowley and Dr.Cerra.
Bovere liver alterations oceur in all severcly lnjured patientc.
This was previously unrecognized but now with modern biochemical

and clectron microzecopic technizjues mevere energy deficits and

organelle alterations occur in hepatoeytes. In geptic shock the

chanres are much more severw with heightened turnover, increased

autophniic vacuoles resulting in large recidual body typesa of

Tynonemes.  CGerea sbrensod that hepatoceliular alterations may

vantribute lp n rather dircet way lo the pencesnin of septic uhoci?::::—-_-___*J
This could Involve tillure to modify agents resorbed from the GI
Lraet Lthrough the portal uyulem. The role of the Yiver was aloo
ntrongsly omphasived by Dr.Ozaviaa who showed thal, hemorrhasle shock
1 Jrundbeod animals had o mejor ianfluenee in o detrimental direction
an Lhe eneryy delicit. -
@ arrently knew relatively 1itlle about the clecton
ol' shagk an the gstrointeakinnl upiLhcliuﬁ. Pl Lveemayer reviowed
cureent dala which revenl extensive changen; however carly chanpes,
espeainlly at the subcellular level, remitin to be deflned and need
mure axbtenonlve regearch. This could be o Prulblful areh ol research
sinee ntraduelion ol wpeenta oratly or by castelce Lube, whinh could

mosd 18y e aptLhebium il §lo permonbllity mifzhl be of intercest.
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The lung was discussed extenwively by débb, Mitzermayer

and Sibbald. Rather extensive changes occux in the lung in shock
walich cannot be ascribed to therapy. There are changes in
permeability, to particles, and the question of collold or not
© was discusséu. Webdb pointed out that althouzh he added alvumin

to his hypertonic salinggy;;;pscitation fluids its effects were not
certain. Since Fapillary permeability does increase markedly
and the pore size iz only bepinning to be investigated, for
example by Sibbald, more work is necded io evaluate this question.
We don't know still %he site of increased capillary permeability
in the shock lung ok its cause. It could be arteriolar, caplllary
or venular and a possible revival of histanine-induced permeability
change was sugrested by Sibbald. OGther pousibilities include the
effects of 854 on granujggytes, granulocyie lysosomes secretion;,
superr;xide formation, ctc.

The mufxexz current ideas on acute renal failure in %ery

2

ez L aninonts ere _Jioeusced hy Meleowell nod_i#lamonbhoumn,

In animal models It appears that both toxic and ischemic induced
aaube renal failure develop throush a renin-amgziotencin tusular
Fsloneralar fecdbakk leston. ‘ho assertlon is that the initiazing
event in g reversible diveyse to the proximn) convoluted tubule which
resulbts in defeetive sodium resorbtion resulting, in Increasced godium
and chloride at the macula denra wikh fredback ronin reneration,

o g e, fopf et oo,
mpstotensin formation nnd xismgipx glomerular Slxawnnirxexxxc
viusauratrieciom  Flamenbaum illustrated how modifjcation of the

wf e e il e
method with loop diuretics uuh  tuch au firuerocymide forms the bacis

of their posuibla efffecls in the oarly reverzal ol ineipiceat acute t

vrennd fnilure,  Banmg work could bo done sinee pome toxle inducec
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acute renal failure could be yeversed by appropriate compounds and
other compounds which modify the renin-angiotensin systen inciuding .

inhibitors of the reaction could modify ischemiec acute renal failure.
[]

" Flamenbaum also emphasized that toxic incduced acute renal failure

is approximately half of acute renal failure in acute care units.
In-deph discussions were held regarding the pathophysiolozy
of head and spinal cord injury and siroke. 4 consensus was reached
that the problems here are very similar to those in other organs.
Once again, we are dealing with problems at the endothelﬁal cell
ievel in terms of decreased cell adhesion, increased endoinhelial

permeability and the effects of ischemia, on parenchymal cells,

suggcutiné a4 raole of antioxidants in preventing increoaced capillary
permeability in spinal cord injury and Jones showed rood cvidence
thit there is a gated permeability process in the arachnoid villi
which responds normnlly by increasing the pater Lo increase

Inteaeranial preasure hutk bhut which in injurious pituntions may 3 .

meeting to have mich diverse experte toretner discussing the
commonality of thene events.

The modiflicntion ol myoecardial infarction wan dizcussed
oy Muller. Hyaluronidase improves nituntion in bolh oy and
prhients, nitroglycerine in quostlonable, plycotne-innulin -£,

(R otivie] =
BN atill ool elear.  Hi fudytsees markedly alevintes Prinzaactal s
ansina - chould bo Leled in rhock. Bl In coronary artecing may
be morey fmpactant than Lhousht, proviounly.
& conneaun wan roached alb Lhe meollme on peotoctive effect
0P RN o septie shoek. Meehaniom otiil unknown. Demding: hied :
ene alivba un elo oy T Lo Lo bange Ty pheap. 100 rapially

el 3 besd Whe Mo b,
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Ancother role of o corticostercids in experimental shock
» | ]
was mentioned by Dr.Jones who reported that MPS innivited the

. L] .
tremendous autophagic vacuole response that occurs in the rat

»

liver following shock or glucazon. .
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