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INTRODUCTION

The word "shoek" is used to designste ecliniesl conditions
which include various signs and symptoms but usually inelude pallor,
wealmess, sweating, a rapid thready pulse, oliguria and hypotension.
The one condition essential to 81l forms of shoeck is a significant
fall of arterial blood pressure. Therefors, the cause of shock must
be sought among factors thet repulate or limit pressure in the
systemic arteries. |

The importance of shock is immediately apparent if one cone
siders that a patient with myocardial infaret without shoek has an
80 per eemt chence of suwi"u‘al, while if there is shoek along with
the infaret there is enly about a 20 per cent chance of recovery.
Shock accompanying any diseass or injury can place the patient on the
eritical list (50). Shock is an espscially ominous condition in
battlefield injuries, In a study of battlefield casﬁaltiess eonducted
during the Korean War, 12 per cent of 105 patients wounded and not in
shocl died and 21 per cent of 33 who were in shock died (2).

The eticlogy of shock varies widely and the conditionm can result
from exsanguination, dehydratiom, soronary insufficlency, severs aller-
gic reactions, traumstic injury, severe strsss and infection with pe-
lease of endotoxins. Thus, it has proven difficult for sveryone to
have the sams understanding of shock and its treatment., It would

appear very ussful to abandon the use of the term "shosk" and to



substitute move definitive words to identify the causative factors
involved, Such a classification of shock, as proposed by Rughmer (5),
is shown in Figure 1.

Even theugh one of the most promeunced facets of shock is the
marked hypotension, a lowered blood p:eséur& does wot always indicate
»aﬁoek. flypotension cccuring as syncope is of a short duration, and iz
usuaiiy neurogenic or veflex im nature. Thip conditien is usually
self-limiting and the blood pressure will retuwn to nomal without
medical attention. This must be discinguished from the prolonged
hypotension, which eventually leads to an {rreversible stage and
death. It is boped that with future research this may not be the
cuse.

At the present time, therapeutic management of shock with drugs
cannot be aimed at covrecting the underlying patholegy. Rather, the
drugé used in the mansgement of shock merely attempt to maintain
adequate circulatery functioun, This, then, is merely symptomatic
Ereatment. The various forms of treatment ave essentizlly based upon
maintaining e systolic blood pressuve betwean 80 and 120 mm Hg. Even
with exsanguination hypotension, this s not elways accomplished by
transfusions of blood, plasma or saline to replace ths &3&1&&&0@
anount of Fluid lost. In cases where there hes been no appreciable
bloed lost, the use of pressor amines is commonly employed to raise
the blood pressure. The ratiomale of pressor Qmine therapy is to cause
@ gnnaralizeﬂ vasoconstriction that will greatly reduce the size of the
essential vascular system and veduce the tendency of the blood to pool

in large areas of the peripheral vasculature.



FIGURE 1

CLASSIFICATION OF VARIOUS TIPES
OF SHOGCK (ﬁt!&‘alm)s
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The original assumptions thai pressor sgents should be the
 drugs of cholce in combating the hypotemsion of shock are based on the
testing of these compounds in tiormal animals. It is well established
that agents such as norepimephrine®, phenylephrine, mephenteramine and
angiotensin gmide will raise the blood pressurs in anormal animals. It
has also been demonstrated that these drugs raise blood pressure in
animals in experimentally induced shock but it is mot universally
successful in preventing desth. Recently some clinical investigators
dndicate that the uwse of pressor drugs may be, m&mi, hamaful (5)
{55).

The idea of testing drugs in animels with an experimentallye
induced disease state is not new. The concept of testing drugs in
animals having @ wodel disessse was promulgated by Paul Ehrlich in
1905, Ebrlick begen to aduinister srsenical drugs to mice infected
with trypanosomes, a technique described by laveran and Mesnil enly in
1902, Howevar, most of the classical phamacclogical experimeutation
has been done on noymal animals. When studying @ new drug in normal
animals it would be casy to veject such g drug as penicillin as one .
haviag no activity, or digitalis on the basis that its toxicity was
excessive. If penicillin were to be injected into a noxmal animal, no
effect could be obgerved or measured. But, 1f the animal had an

infection due to an orgenism susceptible to penicillin, & deamatic

*Ceneric or public nanmes for drugs will be used throughout the text
of this thesis. For the convenience of the reader, 2 list of tradee
mark names synonymous with these genevic names will be found in the

Appendix. ‘



drug-induced effect would be seen., If digitells were given to a
normal animal, it would be apparent that the drug was too toxie for
any practical. use, But, if it wore tried in animals with congestive
heart feilure, the results would be immedistely evident., This then
leads one bo experidmsnt on animals who have had an expsrimentally-
produced disecase when sbudying new drugs or re-evaluating existing
drugs currently used in therapy. The testing of drugs on normal
enimals is, however, useful in determining what mey be epected as
side effects when thery are introduced into animals with sxperimente
al disecase,

Despite its importance and decades of erhensive ressarch, the
treatment of shock remains a controversy. Blood transfusions, nor-
spinephrine and angiotensin emide all have been sdministered to suse
tain an adequats blood pressure, but deaths still oesur. This would
lead to speculation that the reason for the failures of these pressor
agents to maintain an adeguate vasoeconstriction may be due to the
failure of receptor mabterials in the vascular walls themselves, or
merely dus to physical exhsustion of the musenlature,

It hes recently been shown that the accuwmnlation of sodium
and/or potassium ions in the arterial walls may be an etiologie fac-
tor in the developmant of some forme of hypertension (32)(33)(%1).
This sscumulated sodium and potassium is decreased by the use of the
thiszide diuretics and, at the sams time, the blood pressure is low-
ered. This fect would implicate either the potassium or sodivm ions
in the vescular wall as an importent factor in the ability of the
arterial wall to contrect.

%A



THE PURPOSE OF THIS STUDY WAS TO TBST THE HYPOTHESIS THAT
DURING THE PRODUCTION OF THE SHOCK-LIKE STATE, AND DURING THE FAILURE
OF THE PRESSOR AMINES TO COMBAT HYPOTENSION, THERE IS ACTUALLY A
CHANGE IN THE ARTERIAL WALL SODIUM AND POTASSIUM CONTENT THAT MAY
NMAKE THE VASCULATURE UNABLE TO CONTRACT.

History of Shesk

&5 early as the sixteenth century, Ambrose Pare recognized the
elinical picture of acute mipheml e:imulatém failure. The term
"shock” was first used however by the French surgeon, Ledran, in 1743
to describe "a desthlilte state seen mmé trawna’. Larrey, a surgeon
in Napalém’@ army, then used the term shock o deseribe the hypoe
tensive condition which may develop after surgical operations or
severs injuries (80).
7 In England, shock was prominent in the notes of Guthrie in
1627 in his "On Gunshot Wounds of the Extremities”. The physiologi=-

eal nature of surgical shook and methods for combating it wers espe-
clally studied by the Amerisan surgeon, George W. Urlle, in the years
fellowing the Civil Wer (18)(19)(20).

Crile later described the usefulness of blood transfusions in
cages of shoek and pointed out the lmportance of maintaining an ade-
quate volume of eireulating blood to allow for proper oxygenation of
the tissues. In 191, Crile and Lower published 8 book (19) in which
a broader approach was deseribed using various techniques for the
preventlon of shock by eaploying local anesthesis of the organs and

areas involved in surgery. They ascribed the dstrimental effects of



the surgery to reflex overstimulstion Pfrom the site of injury that
would then lead to & post-stimulatory depression. This initial overe
actlvity was thought to utilize all of the energy stores in speeial
areas of the body. The group of organs considered by them to be the
most concerned with the process of converting potential energy inia
kinetic energy includes the brain, the tlyyroid, the adrensls, the mus-~
eles and the liver. If the stimuli for the conversion of this emergy
are very intense, then this "kinetic system”, especially the brain,

is exhausted or even permsnently injured. This condition is deseribed
as acute shock,

These observations of Crile and Lower point out the damaging
effects of the stress resction in the ultimate production of the
shock~like state. These studies were carried out byb mieroseopic
examination of seotione of the brain, adrenals and thyroid. They
found in these tissues of animals subjected to traumatic shock:
chromatolysis, rupture of the nuclear and eell membranes, alterations
of nueleus~plasma relation, and eellular disintegration. They wers
@ble o produce the same histologlcal lesions from such diverse
stimili as strychnine convulsions, experimentsl insomnia in various
laboratory animals, and fright in rabbits.

It is very interesting that this seme form of shoek trestment is
being employed in Russia by B. K. Ossipov et al (5). They used a 0.25
per cent solubtion of procaine to produce a nerve block that is supposed
to prevent exvess reflex stimulation, which can cause dawage to the
organ(s) so innervated. They believe that whatever the cause of the

shock (trauma, burns, surgical operstlon, transfusion}, the mechanisnm



of its develomment begine from a primery nervous reaction. Under
these conditions the treatment of shock, like that of any other dise
ease, must be sausal, pathogenetic and symptomstie. The basis for
thelr treatment of shoek is designed chiefly to combat the pathogen~
etiec factors.

Interest was greatly remewed in the problem of shoek during
the First World War. Walter B. Camnon (13) relstes in his book the
sxperisnces of himself and his ¢olleagues who wers involved in & care-
fully eontrolled epproach to the eveluation and treatment of battloe-
field shock. He alsc was aware of the inadequasy of the term "shogk”,
He observed that shock-like conditions were caused by different stim-
uli and also, there seeamed to be two types of shook: one, & rapidly
ceourring condition and the other occurring only after several hours.
He eclassified the two conditions by the terms "early" and "late®
shock, although these terms have been sbondoned today. Camnon advo-
cated the use of blood transfusioms, or if blood were not avallsble,
some of the plasma substitutes such as pun seacia to replace the
bloed lost from wounds, Ancther main point in the treatment was keap-
ing the patiemt warm to avoid the loss of body hest. This was based
on the observations that the body temperature of a person in shoek
would fall 2° %o 3° €. and that the skin was invariably cold and
elammy. The theory of using the vasceonstrictor drugs esployed at
that time was questioned because of the belief that this arteriolar
constriction would add to the anoxia of the tiasues by restricting



B
vﬁap:lllaxy flow, a recurring nagging doubt even today. The azants then
used were epinephrine and pituitrin.

In 1940 Scudder (79) presented results obtained with the eline
icel employment of a crude adremal cortical extract (EZschatin®) in the
treatment of shock. In his series of 28 patients so treated, 14 were
cured, 9 died with no benefit, and 5 were temporarily benefited but
later relapsed and died. It is scmewhat doubtful if all of these peér-
sons died only of shoek as they alsc had extensive burns or were inop-
erable acute emergency situations., The treatment advocated sb thab
time was & dosage of 10 to 20 cc of the adrenal cortical extract
usually given intravenously. The material contained not less than 25
dog units per co. This would correspond to the acbivity of 1 to 2.5
milligrams of hydrocortisons (72). It is doubtful that the dosage
used was anything but a small fraction of that required. He salso adw
voeated the use of sodium ¢hloride injections which wers thought to
counteract or aid in the excrebion of the high blood levels of potag~

siwm, The pobassium was believed %o come from the injured tissues.

Problems in the Treatment of Shock

The eticlogy of shosk is so poorly widerstood that as yeb no
standard procedure is generally recognized as proper therapy (Table 1).
The most striking feature of shoek is the depressed blood presaure which
will vary considerably depending upon the individusl cass. Patients
with shock have had blood pressures reported as ranging from 90/70 mm
Hg to 0.0 mn Hg, i.e., uncbtainable by sphygmomancmeter (2)(26)(50).

If the patient hias suffered a loss of blood through hemorrhage, or froem
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TABLE I.
SUBSTANCES AND PROCEDURES

THAT HAVE BEEN ERMPLOYED TC REVERSE SHOCK

Pressor Amines

Adrenal extracts
Adrepalcortical hommoncs
Adrenocorticotrophic hommone (ACTH)
Blood

Plasna

Saline

Plasme expanders (substitutes)
local Anesthetics

Hypothermia

dagiotensin amide

Vasopressin

Adrenargic blochkiag agents

Genglionic blocking agents



1
plasma less following extemsive bwrns, the first object of therapy is te

replace the sstimated loss by giving the proper flwid. In patients who
have had no fluid loss and in cases where the replaced fluid is ineffect-
ive, the next procedure is the intravenous administration eof pressor
drugs such as norepinephrine or angiotensin amide. This procedure will
at times raise the bleod pressure to physiclogical levels (25). At other
times, one pressor agent may be ineffective where & somewhat different
compound will work, This seems to be especially true in the cases of
norepinephrine and angiotensin amide. One of the main problems encoun-
tered, even when the pressor agents prove to be effective when first em~
ployed, is that the dose required for msintemance of elevated pressure
will rise. After a time, the agent becomes cempletely imeffective and
the patient will die.

To explain the effect of tolerance™ and ineffectiveness of these
amines, many theories have been proposed. These include acidosis, adrenal
exhsustion, tachyphylaxis,® ferritin and endetoxin. (Figure 2).

Acideosis
The observatior that the preaser response Lo epinephrine is les~

semed by acidosis has been reported many times (9)(12)(48). It must be
remembered that epinephrine’s action on blood pressure is biphasie, i.e.,
after injection there is an initial slight fall (depressor} followed by a
grose rise (presser) and a secondary fall., As yroposed by Wood et al
this altered reactivity could be explained by three different mechanisms
(93). |

*30e Appendix for definitien of these terms.




FIGURE 2

PROPOSED MECHANISH FOR DIMINISHED
CATECHOLAMINE RESPONSE IN SHOCK.
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i1, &cidogls increases the reactivity of the f{nhibitory recep-
tore (depressor mechanisn).

2, Acidosis decrsases the reactivity of the emcitatory recepe
tors (pressor mechanism),

3. Acidosis produces comcurrent changss in the veactivities of
both receptors, the algebraic sum of which could explain the reduction
in the amplitude of the hypertensive response to gpinephrine.

To resolve this problem they exployed adrensrgiec blocking
agents which would selectively block either the pressor response
{phentolamine, phenoxybenzamine and dihydrcergotamine) or the deprese
sor response (dichloroisoprotercnzl), thus allowing the oppesite
response revesled for study. It was found that both the presser gnd

#!

depressor responges were both markedly reduced by scidosis. The
depressor effect being somewhat more susceptible thaw the pressor
responses. This dats them favers the proposal that the diminished
response ls due to simultgncous chaoges in boeth receptors which
result in an overall lessened response to epinephrine,

As to whether the acidosis produced during the course of the
development of shock accounts for the diminished blocd pressure
response to pressor amines is skill not settled., It has been showm
by Rosenthale and DiPalma (77) that even though the lowered blood pH
was restoved to nowmal in dogs mmde tolerast to noyepinephrine, thers
was no restovation of its effectivensss. DBroder and Weil (8) have
recently wsed a correlation of the incrsase in blood lactate during
shock as a prognostic messure of the lethality of the condition. It

was found that if this excess lactate during shoek 1 above 4 m mole/



liter the prognosis is greve end will probably lead te death. The
same cutcame occurred even if the emcess lactate and acidosis was
promptly reduced, This would indicate then that acidosis ssens to
follow the damaging effects of shock and deprezsed respomse to pressor

compounds, but is not mecessarily responsible for the altervations.

Adrenal Exbhaustion

&drenal exhsustion is another possible explanation for the
fallure of pressor smioe activity., This aspect has rveceived consilds
erable attention in the last ten years. DBoth sugmantation and inhibie
tlon of resgponses te catecholamines heve been suggested as mechanisns
of the steroid protection im shock (5){40)(82). The latter pessibila
ity receives some support from the observation thet large doses of
hydrocortisone provide censidersble protection againgt the lethal
effect of epinephrime Infusion. In addition there is accumulated
avidence t;t;;.t there iz an excessive adrvenergic vascconstriction in the
genesis of lethal shock, However, a general phawmacological antage
onism between the steveoids end catechelsmines has not been demonstrated.

The jmportance of the pituitarye-adrenal axis as described by
Selye has been retognized since 1947 (78). He described a general
adaptation syndveme in animals which results from coutinucus none
specific nervous stimuli or stress. This generval adaptation syndrome
is subdivided into three stepes. The fiwvst stage is the slamm reacs .
tion, which s characterized by the Ismediate response to the stress.
If the strese is too severe, the individual dies. If not excessive,

certain symptons occur, including hypotension, hemoconcentration,
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increased capillary pemmeability, decrsased body temperature, end
depression of the central nexvous system. These sympLoms very accue
rately describe the syndrame we know as shock, If this shock is not
fatal the second stage cames iate play. This fs characterized by
resistance to the stress stimuli, belioved to be brought about by the
release from the adremal cortex of stevoids that are fram the trophic
influsnce of adrenccorticotrophic hormone. Stage three is described
as the state of exhaustion, where the resistance to stress is lost and
the original state of shock is re-~instituted. This comcept has not
been entirely adopted because scme of the details cannot substantiated
experimentally, although it serves as a usaful working hypothesis (3).

It has further been demonstrated in dogs by Pepacostas (69)
that during edrenccortical suppression by the administration of 50 mg
of prednisclone phosphate daily f£or 14 days thers was no alteration
in their response to test doses of catecholanipes or to their survival
after the stress of experimental laparotomy. 4 time lapse of 48 hours
was used between the last dose of the stereid and cthe beginning of the
test procedure to allow for the removal of the exogenocusly supplied
starolid.

There seems to be no question that the sdministration of a
relatively small dose of certain adrenal steroids can intcresse dranate
ically the survival of adrenal deficient animals, but it 4z not equai-
ly clear that sdrenal deficlency exists during the development of
ghock in edther enimals or wmen, unless the adrenals are specifically
compromised by disease, surgery, or the prior aduninistration of

exogenous sdrenal steroids (5)(15)(69).
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Meagurements of adrenal steroids under conditions of pxotxéeted
stress, including lethsl shock of varying eticlogy, both in experi
mental animals and in man, have demonstrated increased plasma levels,
increased rates of secretion, and @ good responss te ACTH (31)(51)(63).
Output may decrease somswhat when adrenal blood flow becomes vary low,
but the gland is still capable of reaponding when the blood flow is

agein inereased.

Tachyphylaxis |

The tachypbylaxis which vesults Iram repeated inmjections of
ephedrine is well kaown (21){42)(43){44), Host present.day tezt
books of pharmacology also state that thare iz no tachyphylazis from
repeated doses of epinephrine (42)(52).,

Rosenthale nné DiPalma (1962) reportad on the development of
the acute tolerance ov techyphylaxis to norepinephrine in doge (77).
Hemoconcentration, acidesis and decreased blood volume were proe
posed to explain this obgerved tolerznce. It was also noted that the
administration of plasme expanders at the height of tolerance tempo-
tarily restored normsl semsitivity, but the adjustment of the blood
pil to noymal with THAY buffer (eris hydroxymethylaminomethave) or
sodium bicarbongte did not effect the toleranmce. lHistemiane hes also
been proposed ss a facter in the tolerance to norepimephrine in doge
by Coppola & DiPulma, 1962 (16). They noted & simultancous i{ncrease
in the blood histemine content as the tolerance to norepinephrine
develops. They were also able to show that in histemine depleted

dogs, the tolerance to norepinephrine was still exhibited, although



17
it did develop move slowly. Tachypbylaxis te epinephrine in dogs has
g2lso been shown by Reyes & Lipton in 1963 (70}. Im this scudy, it was
demonstrated that as the size of the dose Incressed, taschyphylaxis
developed much more quickly. They demonstrated 2 potentiation of the
tachyphylaxis effget by cocaine although no attempts to explein thias
iatéracf:ian were made.

Before the pressor amines can become useful in valsing the
blood pressure by either causing gemeraliszed or restricted peripheral
vascular vesistance or by increasing the vate and strength of the
heart, they must combine with some material or growp of materials
that will mediate this activity. This theoretical receptor substance
has received much attention in the past five years. It has besn
established by hhiqais:: et al that at least two different recaptors
exist for sympathomimetic agents, i.e., Alpha and Beta receptors (33).
The Alpha rveceptors arve primarily designated as stimulating to smooth
nuscle and the Beta receptors ave g@m:&lly regarded as being Iﬁhiﬁw
itory im pature, This s not altogether satisfactory, as & Beta
receptor seems to be invelved in the chronotrepic effect om the heavt
and the increase in blood sugar seen after injections of pressor
amines (88).

The most vecent report a4s to the chemicel nature cof these recepe
tors has come from Bellean {10)(88). Mest of the information regards
ing the chemical nature of the receptor substance has come for ree
search employing blocking agents that are rather specific from either

the Alpha or Bcts system. It has thus been showm that the potent Alphs

blocking drug, dibensmine, assumes an ethyleaininum fomm ig vitro



i8

before it is effective. Theoretically, eaven theugh direct evidence
does not exist, the catecholamine can also assume a similar structure
&8 shown in Tigure 3,

Iz would then be assumed that the recsptor meterials in the
tissuwe would have to be of such a nature that the positively charged
ion would be free to veact with it. It bas been proposed by Belleau
that this enionic eite in the receptor is a phosphate moiecty, It has
previously been shown by Boln thet tissue storage granvles of cate-
cholamines are in the form of complexes associated with adenosine
phosphates, mainly as the triphosphate, The catecholasmines were ine
corporated te & ratic of 3.9 moles of catecholamine to 1 mole of
sdenosine phosphates. Similgr granules ave found im adrenal medulla
and sympathetic merves. It has been postulated thet the receptor for
both the Alpha snd Bets responses may have the following configura-

tion, (Figure 4.)

Ferritin

Ferritin released from the skeletal muscle, liver and spleen
during anasrobic conditions has been implicated im the preduction of
irreversible shock (3), Pervitim, a storage form of ivom in the tige
suss, has not been shown to have vascdepressor activity in normal
animals. Its presene has, however, been demonstrated im the cirvculae
tion during various fomms of shock. When ferritin was infused inte
norsal snimals they did not develop shock. However, failure of
ferritin to produce shock may be due to rapid insctivation by transe

ferring the sulfhydryl vadical of ferritin to its imactive disulfide



FIGURE 3

ACTIVE PORM OF DIBENZOLINE AND EPINEPNRINE
A3 PROPOSED BY BELLEAU
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FIGURE L

ADRENERGIC RECEPTOR AS PROPOSED
BY BELLBAU
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form in the normal liver., It is possible that in animals with shoek
this hepatie destruction is so impaired that the conversion camnot
take placs and the vasocactive form of ferritin then acts a2z 2 vasow
depressor substance and is & mediating factor in the irreversible
stage of shock. It hae also been proposed by Refssmen and Ddetrish
{1956) that the ferritin may be released in ite inactive &iﬁulﬁde
form for they found no vascactive response from large amounts of
ferritin released into the cireulation in patients with hepato~
esllular disease (73)., This influvence of ferritin has not been
adeguately demonstrated, however, and the release of ferritin does
not always accompany irreversible shoek conditions.

Vasceonstriction

One of the most significant chbservations on the hypotension
that asccompanies shosk is that there iz a proncunced decresse in the
cardise cutput (3)(4)(92). The cardiae output is defined as the
product of the stroke volume and the heart rate (3),

In 5 normal enimal the vaseular response to s fall in the mean
systemic blood pressure will evoks a compensatory vasoconstriction.
This generalived vesotonstriction leads to & redused blood flow through
the capillary bed as the presapillary sphineters are constricted and
the peripheral flow is predaminately directed through the thoroughfare
thannels, the metarterials. A further fa,il in the systemle arterial
pressure would not be corrected by inersasing the periphersl resistance
after it reaches its maxdmua. This would then cause a marked decrsase

in the ecardlac rebwrm and a further lowering of the blood pressure, To
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break this vieilous cyele, the original vasoconstriction must be abole
ished, allowing incressed oxygenation of the tissues and a better
cardiae return with & resulting incressed cardise output end 5 sabis-
factory blood pressure. It has been shown repeatedly that in the
early stages of shook, there is still an elevated peripheral resistance
(78)(753(76)(92)(96). Gregs has shown that the pressure~flow curves
during shock due to hemorrhagic hypotension revealed a mild increase
in total peripheral resistance and in resistance in the mesenterdc,
renal and iliaec arterial beds as well (5). Trank and Visscher (36)
elso report as unchanged or only slightly increased total peripheral
resistance during endotexin shoek. Wong et al have demonstrated a
caleulated inerease in peripheral resistance in dogs subjected to
traumatic shock (903(92),

This inerease in peripheral resistance in the systemie circula~
tion is thought to be caused by the gemeralized or localized conirac-
tion of the precapillary sphincters. That the prolongation of this
vasoconstriction effeet by the use of pressor amines may be hammful in
the treatment of shock has been of eoncern to some of the cliniecal
persomnel involved in the study of this perplexing problem (5)(41).

In fact, this increase in total peripheral resistance may be
mediated through existing high blood levels of pressor amines. Manger
(60} has demenstrated an increase in the plasma concentration of epl-
nephrins from 1.0 to 7.8 microgran/liter of plasma and an increase of
norepinephrine from 2.5 to 3.6 microgram/liter of plasma in dogs sube
Jjeeted to ‘hemorrhagie shock, Dogs that had been induced into anaphy-

laetic shock by repeated injections of egz albumin also showed an



23
inerease of from 0.7 to 7.7 micrograms/liter in the plasms level of

epinephrine. The norepinephrine concentrations increassed in some of
the animals thus treated, but decreased in others., This differemce in
response was not elucidated, but it demonstrates that animals in shock
do, in fact, have a pre-existing high plasms level of pressor amines,
but still exhibit a lowered blood pressure.

Zweifach (1962) mentions increases in plasma levels of epi-
nephrine and norspinephrine as well as S-hydroxytryptamine {serotonin)
in animals that have been subjected to experimental shock (98). He
propoged that epinephrine has been implicated as a mediator of the |
shock reaction both directly and indirectly. It has been shown that
the pattern of increased vascular reactivity and subsequent decreased
reactivity is manifest primarily on the basis of an altered response
to epinephrine,

Longerbean (1962) aleo noted that in dogs with endotoxin shocl,
an increasing concentration of catecholamines in the paripheral blood,
and a decreasing visceral blood flow, were characheristic of the
irreversible state of shock {57). In these dogs, the mesenteric cire
culation suffered the greabest relative decrease in blood flow regard-
less of the stiology of shock, and at autopsy, ischemic changes were
invariably most proncunced in the small bowel.,

Young and Gray (1956} have demenstrated thet rats subjected to
tumbling stress in the Noble~(ollip drum also develop increased plasma
levels of both epinephrine and norepinephrine (94). It is very inter
esting to note that the increase of pressor amines, especially that of
epinephrine, parallels the increase in mortality from increasing
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degrees of stress, This then allows a correlation of plasma level of

amines with the mortality of a given stress procedure.

If this release of large smounts of pressor amines in the
genesie of shook is what leads to the irreversible state, then it
would follow that bhe adrenergic bloecking agents should prevent the

irreversible state of shock,

Adrenergic and Ganglionic~Blocking Agents

It has been shown that the adrenergic and ganglionic bloeclkdng
agents have besn beneficial in preventing irreversible shosk (5)(46)
(55)(58). The beneficisl effect however iz ewerted only if the agents
are given prior to the siress that induces the shoek. They have been
tobally ineffective when given after the stress situation (5). It is
believed that these apents exert their effect by preventing the con-
atriction of the vaseular gystem that would normally oceur in shock.
This allows a bebtter oxygenation of the tissuss and prevents the
pooling of blood in the capillaries,

Dichloroisoproterencl, a beta receptor adrenergle~blocking
agent, has been shown resently %o be effective in preventing the
lethal effects of endotoxin on mice (62). This agent is offective
only if given five houprs prior to the administration of the endotoxdin,
The dichloroisoproterencl vas, however, not as effective as hydro-
cortisons.

Chlorpromazine has been used by Horn st al (1963) to induce a

protective effect in rats subjected to high temperature skin injury
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{47). At autopsy it was noted that in the contrel animsls the spleens
were small and dark, whils those of the chlorpromazine group were
normal in size and solor. It was also noted that the splanchnic vas-
cular bed in the mesentery and intestinal tract appsared more dilated
in treated rats than in the contrels; the skin did not have as
blanched an appearance as the other groups.

This data would sugzest that the adrenergie-bloeking agents
and chlorpromazine, which also has an adrenergic~blocking component,
as well as a central nervous system calming effect, were instrumental
in Inkibiting the entogenously released pressor amines which may lead

to irreversible shock.

Sodium and Potassium Fluxes in Vascular Walls

It is currently believed (3) that dwring muscular contraction
or during the transmission of & neurone, there is a cellular redis-
t.riimmq;@ of sediuwm and potassium ions. During the resting state of
sells, there is more potessium inside, and at the same time more
sodium outside the cell, Duwring sctivity sodium moves into the cell
and potassium leaves, Then during the recovery of the nowmal resting
cellular potential, the excess intracellular sodium is removed by an
energy-requiring enzyme system, the so-called "sodium pump®. The
potassium also returne and the normal resting situwation is restored.

It has been shown by Friedmen et al (36) that in nephrectomized
rate or dogs there is o loss of sodium from the extracellular fluid
and an increase of pobtassiun in this space during the blood pressure

elevation induced by norepinephrine, vasopressin or angiotensin.
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These jons wove in opposite directions during the depressor response
from such drugs as isoproterencl and carbachol. It has also been cone
cluded by Daniel et al (22)(23)(24) that during sortic contraction in
the rat, the increase in blood pressurs is accompanisd by an increase
in exbracelliular sodium concentration and also by a depletion of potase
sluwn. These results would £it the wellelmown observation of elactro=
lyte shifts during tissue sctivity.

Muirhead (1954) demonstrated that in dogs the intravenous
infusion of norepinephrine for pericds of 20 to 50 minutes resulted
in & gross eclevation of the blood pressure, a fall in plasma sodium
concantration, and & rise in plasma potassium lewel without significant
chenges in chioride concentration (64). Coffert st al (1951), using
&n isolated rat disphragm which was irrigated with potassium-free
Tyrodes solution, showed that when epinephrine, norepinephrine, and
isoproterencl were added to the bath that each of these compounds
caused & decrease and then an increase in the rate of loss of potase
siun from the musele (39).

Born gt al (1956) found the opposite result following the addi
tion of epinephrine on the isolated intestinal smoocth musels of the
~guinea pig (6). However, here histamine and scetylcholine produce a
contraction of this smooth muscle which is manifest by an cutward
flux of K42, This same response occcurs when the muscle is stretched
mechanically. Zpinephrine on the other hand causes a relaxation of
the intestinal swooth muscle and at the same time increases the rate
of invard movement of K*%, This would then suggest thab the potassiun
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fluxes in smooth muscle will be either inward or outward depending
vpon whether the muscle is contracting or relaxing.

These same observations of a variable Increase in sodium con~
tent with a definite decrease in potassium content in the arterisl
wall have been noted numercus times (23)(36)(39)(85). Daniel et al
in 1957 (2h) did, however, show that depletion of potassium definitely
pracedes any change in the mﬁiﬁm lon content. They employed rat
aorta and induced the effect with & single pressor response elicited
by epinephrine., In their wvery shorteduration experiment, no change
in the content of sodium was observed. This is in contradiction to
the changes observed by the others in the pressor infusion experiment.

The observation that hypertensive agents eaused changss in
electrolyte composition of arterial wall prompted research into this
aree in an attempt to elucidate the antihypertensive sction of the
thiazide diuretics.

Weller snd Haight in 1963 found that when rats were made
hypertensive by kidney ligation they developed an increase in the
sodium content of the sorta wall (91). They were also able to show
that when the thiazides were administered, the sodium sontent declined
with the blood pressure. It was concluded that this lowering of the
bloed pressure along with a siomltanecus decrease in artery sodium
conbent supgested s decrsase in sensitivity to the pressor amines
(343 (54)(59).

Freed st al (1963), using a new non-diuretic, thizide, diaze
oxide, which will also lower the blood pressure in rats made hypers

tensive by renal ligation; found a lowering of the blood pressure of



26
the renal hypertensive rats to be assccisted only with & decrease in
the aorts wall potassium content (33). At the same time, sodium and
water concentrations and their distributions in the tissue comparte
ments of the eortas of such rats remains unchanged, They suggest that
the antihypertensive effects of the thiazides is mediated only through
the refduction in potassium concentration of the arterisl smooth
muscle,

The purpose of this research, then, is to determine if some
similar shift or alteration of the electrolyte content of arterial

wall oceurs in animals subjected to shockwlike conditions.



METHODS AND MATERIALS

When studying the effects of wvaricus agents in the shoeck-like
states as seen in humen patients, it is imperative that simllar cone
ditions be induced in the animal, A study of drugs in all forms of
shock :}a almost prohibitive because of the wide variety of experi-
mental methods thet are available., The most common form of shock
studied seums to be that which results from exsanguinstion of the
dog. Here the dog can be bled untll the blood pressure reaches and
meintaine any desirsd level for a designated length of time. Drugs
can be applied before, during, or sfter the blood pressure fall and
the animal can be returned to his nommal blood volume by re~infusion
of the drawn blood., Probably the second most pepular methed is
induetion of shoek by the injection of a standard preparation of
sndotoxin, The endotoxin is usually prepared from Gram-negative
entero=orgonisms, Here the severity of the shock can be controlled
by the dose of endotoxin given.

& recent method of considerable intersst for provoking shock
in rets involves turbling them in the Noble-Jollip drum {(66). Hewe
the degree of shoek is controlled by varying the muber of rotations
to whieh the andmel is subjected. As a fourth method, cardiac shoek
ecan be induced by ligation of one of the branches of the covronary
arteries., This method, especlally in the dog, is not toe reliable
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in that all dogs do not develop a shoek condition and some of the
dogs will die pmmtuz?ely of ventricular fibrillation,

Shock-like states can also be produced by burning the animsl in
a controlled manner by dipping it in water of a specific temperature
for a given time, or by controlled exposure to a heat lamp. This
method is only satisfactory when studying the shock produced by burns.
Anaphylactic shock can be easily produced in experimental animals by
sensitizing them to foreign proteins and then inducing the shoek by a
seeond injection of the same protein. This method is very satisface
tory when studying the allergic type of shock situation.

Even though all of the methods of experimental shock have cere
tain limitations and adventages, the Hoble=Collip drum was selected
for sereening studies of the pressor agenis. It produces a traumatie
type of shock that is not dependent upon blood loss. The reproduction
of the "irreversible state" is quite good abt a rather narrow range in
the duration of the tumbling, Twmbling allows for a rather rapid
screening of agents as the time required for the stress procedurs is
less than 30 minutes. Ome possible disadvantage is that the animals
usually die within three hours after the stress, which is faster than
the normal clinical conditlon seen in humans, This method does not
readily lend itself to the study of parameters which are taking place
in the enimal during the production of shock, such as blood pressure
and blood flow measurements,

The production of epinephrine shock in dogs overcomes this late
est objective in that the dog lends itself to mmltiple measurements ,
but the dog is usually anesthetized while the rate are not. This may
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be a serious handicap, bul experiments performed on non-anesthetized
dogs show & similarity to those of the amesthetized animals.

Experimental Trawmatis Shock in Rats

A Lotal of 325 femsle white rats of the Spragus-Dawley strain
were used in the rat-tumbling experiments. The rats were tumbled in
2 Noble-(ollip rotating drum which was fifteen inches in dismeter,
eight inches desp and eqm.ppéd with two baffles 3 inches high on
opposits sides of the dras {66). The apperatus was so constructed
that two identical drums were attached to the same axle and would
rotate togethar. The drum assembly was then connected to o motore
drive pulley syetem that would give approximately 40 twms per min-
ute (Figwre 5). Prior to placing the rats in the drum, both the hind
legs and front legs were wrapped with adhesive bape to prevent the
animals from ruming and jusping over the baffles. This prosedure
would also reduce the hendieap or bias of animals that nsy be drowsy
from injectione of drugs given before the stressing in the drum.

The animals were rotated in the drum for s tobal of either 400
or 500 rotations, depending wpon the druge to be tested. AL 400 tums,
0 to 40 per eent of the control snimals died, while at 500 turms, 90 to
100 per cent died. This procsdurs then allowed the testing of drugs
which were thought sble to "rrotect” the animal and of drugs that might
“potentiate" the shoeke-like state produced by this tumbling. _

To obtain a control serdes during eash run in the stressing
drum, an animsl to be treated was placed in one side of the cage and
an untrsated enimal was placed on the other side, and both animals



FIGURE 5.
NOHLE~COLLIP DREM

{Note the identlcal drums on the same axle.)}
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stressed slmiitanecusly. To reduce the possibility of there being
differences in the two ends of the drum, the treated and conbtrol anie-
mals were placed in alternate sides of the cage. After the pre-
determined amount of stress, the animals weres ramoved from their
cages and the tape binding their lezs was removed within two minutes.
The animals then received either ﬁh@ test drug or saline, depending
upon the experimental design. They were them placed in individual
ecages and cbserved until they either died or recovered. After an
eight-hour observalion period the animals were placed in their main-
tenance cages and observed for an additional 48 hours, There were no
deaths in any of the groups after 24 hours. The bulk of the animals
died within the first three hours. Prior to, and after, the eight-
hour observation perdod, the animals were allowed food and water ad
1ibitum,

In order to demonstrate that the animals were astually in a
hypotensive stale after removal from the tumbling cage, ths blood
pressure of a group of ten rats »m taken before and after the stress
in the Neble-Uollip drum. The procedure amployed was the indirect
microphonic method as described by Friedwan and Freud (37). This
method depends on cccluding the caudal artery in the rat's tail and
- deteeting the sound produced at the instent the pressure in the cuff
becomes less than thet of the arterial pressure (Figure 6). There is
one limitation to this procedure in that only the systolic pressure is
neasured, The average pressure of the rab before the stress was 126 me
Hge After 500 twrne in the Noble-Collip drum the rats had an average

~ blood pressure of 22 mm Hg (Pigure 7). The accuracy of the bloed



PIGURE 6

MICROPHONIC BLOOD PRESSURE DETERMINATION
EQUIPHENT AS DESCEIBED BY FRIEDMAN
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FICURE 7.

SYSTOLIC BLOOD PRESSURE CF RATS
BEFORE AND AFTER 500 TURNS
IN ROBLE~-COLLIP DRUM
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pressure determinations after shock however is very poor as it is very

difficult to hear the weak sound below sbout 15 mm Hg so that some of
the values that were recorded as 0 were probsbly between 15 and 0. It
is quite apparent however that definites drops in systelic arterial
pressure would be compatible with a sheck-lile state in the rats.
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Mathods of Administration and Dosage of Drugs

The same dosages of the pressor drugs of the tumbling-shock
oxperinente were also given to control, non-sivessed rats in groups
of five sach, and the animals were cbserved for 48 hours. Wo deaths
oceurred from these dosages of druge. The andmgls that had recelved
the ephedrine and mephenteramine however did show some increase in
overall zetivity.

7o show that the drugs given were capable of raising the blood
pressure, rabts were anesthetized with uvethane (1 ce of 50 per cent
solution per pound) and the carotid srtery was cennulated for recorde
ing blood pressure on a Grass polygraph. The drugs were them injected
elther subcutansously or intraperitoneslly os indieated, in such doses
as would raise the blood pressurs for about cne-half hour (Table 2)
(Figure 8).

Sodium and Potassimm Determinations

In order to determine the arterial content of sodium and potase
sium, groups of six rets were subjected to 500 turne in the Noblew
Gollip drmm. They were removed firom the cage, quickly snesthetized
with 0.5 ¢c of o 50 per cent urethane solution given intraperitoneaily,
and wers unconseious within two minutes. The chest was then opened and
the thoracic aorta quickly removed by blunt dissection, blotted free of
blood and stripped free of adhering tissue. The samples were then
weighed to the nearsst 0.1 mg on & Chaineo-matic balance, placed in
small thick-walled glass test tubes, snd dried in an oven at 100° C.

for 24 hours. After sttaining room temperature in 2 desiccator over
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NETHODS OF ADMINISTRATION AND DOSAGE OF DRUGS

fiorphine
Bphedrine
Epinephrine
Horepinephrine
Hydroeorbimﬁa

Heparin

inglotensin amide
Hephenteramine
Chlorthingide

subeubaneously
intreperitoneally
subcutansously
intraperitonsally

intravenously
{teil vein eut down)

introvenonsly
(teil vein eut down)

intraperitoneally
intraperitonenlly
intraperiloneally

2 mgf100 g
25 ng/animal
1 mg/animal
1 mg/animal
5 ng/animal

1000 units/animal

1.25 mg/aninel
§ mg/animal
10 mg/aninmal for

10 days prior
to shress



FIGURE 8.

STRUCTURES OF DRUGS
EMFLOYED 1IN THIS STuDY
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phosphorous pentexide, the samples were weighed to obtain the dry weight
of the artery sample. The percentage of water loss wes then caleulated
from the difference in weight.” For the determimation of the sodiwm and
potassium, the Lissue was placed in & 25 m.l Kjeldahl flask and digested
in 5 ml of conecentrated mitriec geld with 5 dreps of perchloric acid added.
This solution was then beiled to drymess and the remaining residue was
dissolved in 5 cc of distilled water eo&taining 1 drop of concentrated
hydrechloric acid. This is an adaptation of the digestion procedure
described by Stewart and Stolmn- (63). |

The final determination of the sodiwm and potassinm was carried
out employing a flame spectrophstometer sttachment on the Beelaman D.U.
spectrophoiometer. Standards containing 1:100 dilutions of 145, 290,
and 72.5 milliequivalents per liter of sodium or 4.5, 9, and 2.25 milli-
cquivalents per liter of potassium as the chlorides were used. The
final caleulation of the sodium and potaseiwm content is expressed in
milliequivelents per 100 grams of fresh weight tisswe. The determina-
tions were made comparing each unkmown sample to a sample of lmowm con~
centration at 50 per cent transmittance. This is an sdaptation of the
method deseribed by Telott (84). The formmla used for the caleulatiens

was:

Ty 50% Cs = concentration standard
Ty 508 = Cs = G
Gy = concentration unimown
‘J.’, = transsittance standard
Ty = transmittance wnknown

*3ee Appendix for data.



Bxperimental Shock in Dogs

Catecholanine tachyphylaxisz shock

Fiftesn male and ﬁ‘amlé mongrel dogs welghing betwean 10 and

11 kg were used for this part of the study. The dogs were anesthe-
tized with pentobarbital sodium, 35 mg/kg imtravencusly, Supple-
mental doses were administered when needed., After induction of anes-
thesia, a Magill endotracheal tube was inserted for attachment to a
Takioka napiratcr. The animuls were then placed in a supine positiom
on a surgical table and respiration wes maintained by use of a 2.5%
002-9’?.5% 0y mixture throughout the experimemi, This was needed
bacouse the smimals would otherwise develop respirastory arrest znd die
followlng the first dose of epinephrine, The area over the femoral
artery was shaved and washed, the skin over the artery and vein was
inoised, and both were exposed using blunt dissection. The femoral
vein was then catheterdszed with a 10 em length of polyethyleme tubing
for the administration of drugs. The femoral artery was catheterized
with polysthylene tubing connected to a Statham transducer for record-
ing the femoral arterisl pressure (Figure 9). Both the transducer and
tubing were filled with hepariniszed saline. The blood pressure was
recorded on a Grass Polygraph or Sanborn lodel 500 recorder depending
on the evailability of the instruments. Both instruments were sali-
brated employing o mercury mancmeter before and after each experiment.

Sruge Ukiliced in This 3tudy

Epinephrine  ~ 0.05 mg/kg
Norepinephrine - 0.05 mg/kg



FIGURE 9.

DOG IN POSITION FOR ADMINISTERING
PRESSOR AMINES /D RECORDING



FIGURE 9

L2



i3
The dirugs were administered intravenously via the indwelling

polyethylens catheter in the left femoral vein of the dog. The dosss
were repeated at five minube intervels until the animal failed to
respond to the last dose given. The corresponding segment of the
right femoral vein was then removed, blotted free of blood and
stripped of adhering tissue, and weighed to the nearest 0.1 mg. The
sodiwn and pat.asaixm determinations were then carried out as described
previously for the rat sorta. The data was caleulated as milliequiva~
lents per 100 gm of arterial wet weight.

Myoeardial Infaret Shoek in Dogs

For the production of cardiac shock in dogs, ten animals of
approximately 10 kg welght were anesthotized with either pentobarbi-
tal or thiopental. The animal was placed on its right side and a
thoracotony was performed through the fourth rib interspace. The
left descending coronary wes ligated within 5 mm of the eireumflex
artery. In some of the animals there were up to four such branches
from the cireunmflex artery which were all tied in an attempt to keep
the amount of scardise demage constant, v

During the thoracotomy, respiration was meintained by a Takioks
respirator using a gas mixbure of 97.5 per eemt oxygen snd 2.5 per cent
carbon dioxide. Respiration was maintained until the chest was closed
and the dog tried to breathe against the respirstor. The spleen of
each animal was removed prior to the ligstion as this has beem shown to
increase the incidence of shook in dogs subjected to experimental

coronary occlusion (14).



IV

The arterial blood pressure was measured from the right femoral
artery using the same procedure &35 previously described. At the tine
of cammulation, & segment of the rizht femoral artery was removed and
treated as the other artery sanples for the delermination of arterdal
sodiun and potassiwe.

The animals were then placed in racovery cages and allowed %o
recover fron the surgery. The animals beseme hypotensive during the
first 48 hours after the ligation. 4% this time, the anlmsl was
cannnlated and the bleood pressure resorded via the left femoral
artery. At the time of caonmuletion znother ssguent of artery was
removed for sodiuwm and potassiue analysie.

The animsl wes then given, by intravencus derip, either nor-
epinephrine {4 mg in 500 co) or anglotensin asdde (2.5 mg in 500 sc
of normal saline solution). This wae infused at & rate sufficient
to maintain the dog's control blood pressure. It was necessary to
inerease rate of infusion until the dog falled to respond any longer
and died.
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RESULTS

Morphine Sulfate Experiments in Rats

Prolininary experiments were done on rate employing two differe-
ent dossge sequences of morphine sulfate. One group was given 2 ng/100
gn body welght as a single dose one hour prim" to the strese, while the
other group received the seme dose daily for five days. The rats ware
then subjested to stress in the Noble~follip drum. At 400 turns in the
drun the snimals which hed received the single doss of morphine were
more suseeptible Lo the stress than control rats receiving only ‘aalima
However, the animals which had been given morphine daily for five days
wore more resistant to the stress produced by 500 tuwrns in the drum
than their corresponding eontrols. In the single dose experiment
70 per cent of the morphine-treated animals died, while only 1 per
cent of the eontrols were killed (Figure 10). For the multiple~dose
experiment, vhere the mmimais were subjected to 500 twrms in the drum,
100 per cemt of the control enimsls died while only AD per aent of the
troeted group were killed (Figure 11).

Pressor Amine Bxperiments in Rats

To test the hypothesis that the release of pressor subshances
into the general circulation durdng the stress situation was detri-
mental to survival of animals in irreversible shock, animals werse
treated with pressor apines immediately after tumbling 400 turns in
the Neble-Collip drum. IEpinephrine, ophedrine, norepinmephrine, or
mephenteramine were administered to rets in thiz experiment. The



FIGURE 10.

SURVIVAL OF RATS GIVEN A SINGLE DOSE
OF MORPHINE SULFATE (2 MG/100 G BODY WEIGHT)
ONE HOUR PRIOR T0 STRESSING 40O TURNS
IN THE NOBLE-COLLIP DRUM
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FIGURE 11.

SURVIVAL OF RATS GIVEN MORPHINE SULPATE
{2 mg/100 @ BODY WEIGHT) DAILY FOR
FIVE DATS PRIOR TO STRESSING 500 TURNS
IN THE NOBLE-COLLIP DRUM
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results are shown in Figures 12, 13, 1L snd 15 respectively. In all
four experiments with these different pressor drugs, the results were,
for all practieal purposes, ldenticsl. A composite graph (Pigure 16)
shows the combined data from these four experiments. The rats which had
been treated with the pressor agente all died in less than four hours
after removal from the stress drum. The animals which had been gziven
saline had a mortality rate of 27 per cemt at four hours and 4O per cent
el the end of the 48 hour observation pericd. These results are then
indicative that pressor amines do contribute to irreversible states of
shoek, and in these experiments the doses employed seemed to be equivaw
lent in stress to 100 added revolutions in the drum, as the curve for
the animals receiving pressor amines at LOO $wrns is very similar to
the curve for conbrol animais st 500 twwns in the drum.

This conclusion is substantiated by resulits of Lum and Calvert
(50) and others who have reported that both adrenergic and ganglionic
blosking agents will protest rats and dogs from the lethal effects of
stress (5)(6). These agenis which bloek sympathetic nerwous system
astivity mast, howsver; be given prior to the stress before they are
effective. This fast is added evidence that the high blood levels of
the cateshol pressor amine compounds may eause some deleterious effect
whigch leads to irrveversibility of hypotensive shock.

The previous observations thet pressor amines sdministered o
stressed rats resulted in decreassd survival led to 2 study of some
vasopressor compound that was not of this plass. For this experiment
sngiotensin amide wes sdministered intraperitoneally to a group of
rats (1.25 mg per snimel) immedistely efter removal of the animals



FIGURE 12

SURVIVAL OF RATS GIVEN EPIKEPHRINEG
{1 MG PER ANIMAL) AFTER 400 TURNS
IN THE NOBLE~CCLLIP DRUNM
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PIGURE 13

SURVIVAL OF RATS GIVEN EPHEDRINE
(25 MG PER AWIMAL) AFTER 400
TURNS IN THE NOBLE~COLLIF DRUM
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FIGURE 14

SURVIVAL OF RATS GIVEN NOREPINEPHRINE
(1 MG PER ANIMAL) APTER 40O TURRS
IN THE NOBLE-COLLIP DRUM
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FIGURE 15

SURVIVAL OF RATS CIVEN MEPHENTERAMINE
(5 ¥ PER ANINAL) AFTER 40O TURNS
TN THE NOBLE-COLLIP DRUM
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FIGURE 16.
SURVIVAL OF RATS FROM COMBINED DATA
OF ANIMALS RECEIVING PRESSOR AMINES
AFTER 400 TURNS IN NOBLE-COLLIP DRUM
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from the Noble-0ollip drum. These rate had been stressed 400 times
in the drun, as wers the animals that had been treated with pressor
amines., The rats receiving the snglotemsin amide had an uliimate death
rate of 50 per cenb, while that of the controls was 3¢ per cent
(Figure 17). This showed a somewhat higher death rats in the angioten-
gin amide treated animals, but it was much less than that of the anle
mals which were given pressor amines.

Sodium and Potassium Changes in Rat Aorta Tissue

The repeated observations mentioned above in relation to ¢hanges
in arterial sodiun and potassium ions in response to chronie hyperten-
sion and subsequent lowering by the thiazide diuretics and the acute
experiments with pressor amines led us to spsoulate that some effect
may oecur in the sodiunm and potessium concentration ‘of the arterisl wall
in animals which are in shock due %o stressful stimuli.

The normal sodium and potassium of our control untreated rats was
16.92 sBq/100 gm wet weight tissue for sodium and 3.87 mEg/100 gm web
weight tissue for potassium {average of 6 rats). After the rat had been
subjected to 600 turns in the Noble~Collip drum, the content of sodium
was 8.27 nBq/100 gn and 2.59 uBo/100 gn potassium (average of 6 rabs).
This then represented a reduction of 51 per cent of the sodium content
end a reduction of 33 per cent of the potassium comtent in the thorecic
aorta of the stressed ret. Statistical evaluation of the data using the
student T-test showed that both of these changes are significant with
p = 0.001 for sodium and p = 0.01 for potassium (Tables 3 and 4).



FIGURE 17

SURVIVAL OF RATS GIVEN ANGIOTENSIN
AMIDE (1.25 MG FER ANIMAL) AFTER
400 TUBNS IN NOBLE-COLLIP DRUM
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TABLE III.

POTASSIUM CONTENT IN RAT ACRTA

WITH STATISTICAL ANALYSIS

Control Réts* Shock Rats*
4.39 2,15
3.82 2.43
54.37 2.62
3.39 2.92
3.66 2.98
3,58 LT
X, = X.
2ay ‘ - \/g X2 =(Ex,)/N+ £, = (€KW
| N (N=1)
v 3.54 - 2.29
§=. ‘ \/ 90.67 - 89.78 + 40.75 - 40.25
30

t = 4.52 with (2N - 2) or 10 degrees of fresdom

p = 0.01

*Milliequivalents per 100 grams fresh weight aorta wall tissue.



TABLE IV.

SODIUM CONTENT IN RAT AORTA

,WITH STATISTICAL ANALYSIS

Control Ra.ts% Shock Rats*
19.31 | 7.34
14,64 8.39
20.65 8.63
14.70 8.62
14.90 8.71

- 1733 7.94
Ry T K
\/ £ X - (€X)H +S X2 (O
N(N=I)
16.91 - 8.27

\//1748.60 - 1714.60 + 411.96 - 410.52
; 30

t = 8.00 with (2N - 2) or 10 degrees of freedom

p= 0.001

*Milliequivalents per 100 grams fresh weight aorta wall tissue.

57
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To see if these changes in the sodium and potassium econtent of

the rat aorta would be altered by the pressor aminss, ephedrine was
administered to a group of eight rebs immediately after removal from
the stress cage and silowed to recover for one howr. The animals
remaining alive after this hour's observation period were sasrificed
and their sortie sodium and potassium determinations made. The
animals that had veceived the ephedrine still had the low sodium and
potassium valuss, but the control szline group had values that indi-
cated a return toward normal (Figure 18). This evidenee suggests
that the pressor amines tend to prolong this lowered elsetrolyte
content of the vascular wall and in some way initiates or polenti-
ates the irreversible stage of shoak,

It was then desireble to ascertain if a "graded dose" of
stress would progressively alter the elestrolyte content of the
sortie wall., The progressive lsthal nature of the stress procedure
has been studied in some detail by Noble and Collip (66) amd also
repeated by others (94). It has been demonstrated by Young and Graf
that inoreasing numbers of turns in the drum causes increasing plasma
levels of both epimephrine and norepimsphrine (94). If the animals
did heve such a eorrelation it may be indicative that the degree of
stress which alters the blood levels of pressor amines might also be
related to the observed changes in aorta elestrolytes. Rats were
then subjected to 0, 100, 40C and 800 turns in the drum, promptly
sserificed, and sodium and potessium determinations performed on the

sorta sample.



FIGURE 18

SODIUM ARD POTASSIUM CONTENT OF RAT
AORTA OHE HOUR AFTER 400 TURNS IN
THE NOBLE~COLLIP DRUN COMPARING
EPHEDRINE~TREATED AND CONTROL ANIMALS
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Thie deta indicates & progressive fall in the sodium content of
the sorta which was postulated fron the previous data, however the
pobassium eontent falls st first end then begins to return toward nor-
mal. The difference botween 2.75 and 3.06 is not & significant change
in this small group of snimals with P = 0.1. However; the initisl fall
in aorta potsssiun from & conbrol value of 3.49 to 2.75 mg is slgnifi-
cant with P = 0,02 caleulated with the student T-test (Pigure 19).

As the thiazide diuretics have the ability to depress the
sodium and potassium content of the body, it was decided to employ
this agant to test the hypothesis thal the lowered sodium and potas~
sium eontent of the rat aorta may haove & bearing on the lethality of
the sbress. The results of this experiment ars shown in Figure 20.

The rabs were treated with chlorothiszide (10 mg per animal) daily
for tem days. Ons hour after their last injection on the tenmth day
of the experiment, the rsts were subjected to 400 turns in the Noble-
Collip drum. 7The animels that were treated with the chiorothiagide
prior to the stress were all killed by this amouni of stress. How-
aver, only 30 per cent of the animals recsiving saline as a conbrol
died. This experiment seemed to indicabte thon that the depression of
the electrolytes of the rat aorta had sowe significance in the survival
of rats subjected Lo traumatic shogk. To see if the release of sym-
pathomimetic amdnes mey have had some influence in the depression of
these electrolytes, it was decided to atbtampt & bloek of the normal
adrenergic mechaniams.

This hypothesis was then tested in the rats by injecting intra-
peritoneally 0.5 mgfke of phentolanine m@thanmxli‘nnate, an adremergic



FIGURE 19
SERIAL CHANCGES IN RAT AORTA SODIUM AND
POTASSIUN CONTENT AFTER
INCREASING AMOUNTS
OF STRESS IN THE NOBLE-COLLIP DRUM
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FIGURE 20

SURVIVAL OF RATS PRETREATED WITH
CHLOROTHIAZIDE (10 MG PER ANIMAL)
FOR TEN DAYS PRIOR TC 400 TURHS
IN THE HODLE-COLLIP DEUM
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bleecking agent, one hour prior to stressing the animels. The rats

were stressed 14.06 twns in the Noble«Jollip drum. After the stress
procedure the aortic sodium was 11.51 mBg/100 gn and the potassium
was 3.67 m¥g/100 gn of fresh weight tissue. These flgures are not
significantly different from the data of the sembrol rats of

311.28 afg/100 g of sodium and 3.49 wlg/100 gn of potassium, This
data would then support the hypothesis thet the relsase of large
amounte of pressor amines in the animal subjected to stressful situa~
tiens leads in scme way to a decrssse in scdiuwm and potassium icns in
the arterisl wall and possibly to lrreversibility of the shoek.

Catechol amine tachyphylaads in dogs

If it is, in fact, the incressed levels of pressor amines in the
eirculation that lsad o irreversibility of 't,he. shock~like state, 1%
should be pesaible to produce shock-like 4u-mditsims by continuous high
doses of these amines. The animals in this state should have the sams
alterstions in arberisl electrolytes that were cbssrved in the rats
subjected to treumatic stress in the Hoble«Collip drwa, The animal
chosen for this study wes the dog because its blood pressure gan be
recorded with ease and the arteriss allow removel for repested
nessurements., Doses of pressor amines (0.05 mg/kg of both epinephrine
and norepinephrine) were administered to these animels every five mine
ubes until they died in shock. The animals subjested to this proged-
ure showed an incresse in hematocrit up until the andmal died, whieh
is in agreement with the work of Rosenthale and DiPalma (77). This is

usually seon in shook conditions and has been aseribed to the lsskage
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of fiuld into the interstitial spaees. It is usually thought of as

being the result of inorsased capillary fragility, or the result of
continually maintsined high bleod pressure. The enimals subjected to
this trestment of repesated doses of 0.05 mgfkg of either spinephrine
and norepinephrine showed & rapid tolerance or techyphylawis to the
pressor response of these amines (Figures 21 and 22)., The pressure
rise after the first dose was approvimately 210 mm He end after the
30th dose was about 80 mm Hg., The initizl pressor response L6 nore
epinephrine was uwsually 20 to 30 mm Hg higher then the imitial
response to epinephrine (Figure 23). This differsnce is to be sxpected
&3 norepinephrine has primarily a pressor camponent, the alpha resep-
tor of Ahlguist, and only s amell, if any, depressor response, the
beto receptor of Ahlquist. Epinephrine however has both, and sope of
the beta receptor effect usually offsets some of the raise in blood
pressure that is otherwise seen. After the initial dose, however, the
pattern of decline seems to be ldentical for both drugs.

Sodium and Potassium Changes in Dog Artery

At the instant when the last dose of the drug was given and no
further increass in blood pressure resulted, the opposite femoral
artery was quiekly dissected free, the adhering tiseue removed, and
the sodium and potassium eontent determined by flame phobtometry as
deseribed previously. The scdiux comtent in the control arteries had
an aversge of 21.83 mig/100 gn of fresh weight tissus (Figure 24).
After the animsls were in the shock-like state they had an average
sodium content of 10.78 mig/100 gn of fresh weight tissus (P=0.01).



FIGURE 21

TYPICAL ARTERJAL BILOOD FRESSURE RESPONSE
SHOWING TACHYPHYLAXIS FROM
REPEATED ADMINISTRATION OF EPINEPHRINE
(0.05 MG/XC EVERY FIVE MINUTES)
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FIGURE 22

TYPICAL ARTERIAL BLOCD PRESSURE RESPOMSE
SHOWING TACHYPHYLAXIS FROM
REPEATED ADMINISTRATION OF NOREPINEPHRINE
(0.05 Mo/KG EVERY FIVE MINUTES)
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FIGURE 23

COMPARISON OF BLOOD PRESSURE RESPONSE
OF NOREPIMEPHRINE AND BPINEPHRINE
(0.05 Mi/XG EVERY FIVE MINUTES)
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FIGURE 25

DOG FEMORAL ARTERY S0DIUM CONTENT
BEFORE AND AFIER INDUCTION OF SHOCK
BY REPEATED ADMIWISTRATION OF
EPINEFHRINE AND BOREPINEPHRINE
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The potassium content of the arteries sometimes was lowered and at
other timse sctually increased., If the average value of all the dogs
is ealeulated, an setual increase im the potassiws content is evident,
This is an amr&gs‘a:z’ 3.38 as the sontrol and 3,6 mig/100 gn at the
time of death, On closer imspection of the date, however, it was noted
that in the animals who died early in the experiment using epinephrine,
there was a decreese in the potesslum gontent and those dying later
exhibited an increase., The dogs receiving norepinephrine, however,
ali lived for longer than 30 doses, sc here all of the dogs showed an
increcse in the potassium content. From this observation, slong with
é&w date from the rat expsriment which showed a fall in artery pobtas-
sium with ¢ subsequemt rise toward eontrol values, it was decided to
follow the course of the changes in sodium and potassium throughout
'%:'.hé sxperiment. For this procedure the left carotid artery was dis~
sected free, but allowsd %o remain in the sheath along with the vagus
unerve snd its complete blood supply. Then & polyethylene catheter
about 25 om long was inserted in both ends of the artery and the niddle
segnent was removed for control ion determinations, Samples were
removed after 10 doses had been given, sfter 20 doses, and after 30
doses., This procedure then gave s pleture of the electrolyte changes
uaociat.@d with the administration of the pressor dmyg (Pigure 25).
The sontrol sedium velue was 16.73 mEg/l00 gm. After 10 doses,
12,56 mig/100 gn; after 20 deses 9.48 mEQ/100 gn and at the end of the
experiment, i.e., death, the sodium contemt had dropped to 8.93 mBg/100
gn of artery tissue. The values for potassium were 3.03 miqg/i00 gm for
the control period, 2.21 miq/100 gm at the end of 10 doses,



FIGURE 25

SERIAL CHANGES OF SODIUM AND POTASSIUM
CONTENT OF DOG CAROTID ARTERY

FROM CUMULATIVE DOSES OF HOREPINEPHRINE
(0,05 Mz/KG EVERY FIVE MINUTES)
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2.22 wiEq/100 gn at the end of 20 doses, 2.88 st the end of 30 doses,
and 3,02 nEq/l00 gm at the tims of death.

These results appear 4o confirm the observation that in the dog
subjected to high doses of pressor smines, there is a gradual decline
of sodluwm, along with an initial decline in potassium, that tends to
return toward nermal at the time of death. ‘

All of the dog studies were performed on dogs anesthetized with
pentobarbital. To ascertain if the anesthesia over thisz time period
had any offect on the fluctunations of arterisl electrolytes, one dog
was subjected Yo the same procedure as described shove except that a
volume of saline corresponding to the volune of either epinephrine or
norepinephrine wes given for a total of 35 injectioms, Any change in
femoral artery electrolytes was them meassuwred. The control sodium
content of the femoral arter;,?? wes 13.22 mig/100 gn end after the last
dose of saline, was 1h.51 mig/l00 gn of tissue. The content of pobas-
siwn also increased from 2.33 to 3.06 nBg/100 gm of fresh weight
artery tissue. These results agree with those of Tobian and Fox who
also studied dogs with saline infusicn alone as a control (83).

Two dogs wers given the corresponding doses of epinephrine in
an unenesthetized state to vheck opn the effect of the anestheties per
se. In this case the dogs were lightly anesthetized with thiopental
and the area around the left femoral artery was injected with lido-
eaine ay a loeal anesthetic. The dogs were then tled to a V-shaped
dog board aad a cetheter to revord femoral blood pressurs was inserted.
A% the same time 2 segment of that artery was removed for control
alsctrolyte determinations and an indwelling femoral weln eatheter was
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inserted for drug injectione. The dog was allowed to becoms fully
conseious {(about 20 minutes) and then it was treated as previously
degeribed with the pressor drugs. The average control content of
sodium in the arterial wall for the two dogs wes 13.06 mig/100 gn
which was lowered to 8,03 mig/100 gn of fresh artery sample at the
end of the experiment. At the same time, the control potassium values
wers 3.22 mig/100 gu and had changed to 3.19 mBg/100 gn at the time of
death., The unanesthetized dogs were seemingly mmeconscious during the
acuts pressor phase of the injections, sven though the rise was only
50 to 60 mm of Hg. On the other hand when the resting blood pressure
between injeetions fell balow 50 mm of Hg in the later sbages of the
experiment, the dogs became very apprehensive and struggled. This
could have besn dus to myocardisl ischema or desreased coronary blood
flow, either of which could result in & very painful eondition. The
results obtained with these doge corresponded quite well with the dogs
glven the barbiturate anesthetic and, as thia procedurs did produce a
marked discomfort to the anlmel, the dogs in the remaining experiments
wers anesthetized with pentcbarbital throughout the axperiment.

Heparin Experiment in Rats

Heparin has been reported as being eble to bind histamine, and
thus remove it from the circulation in instences of histamine release
(45}, Histamine has been implicated in the production of the irvevers-
ible stages of shogk (96), and also as being involved in the tashyphy-
laxis developed by norepinephrime (16).
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Rats that had been subjected to 500 turns in the Noble~Collip
drum were given 1000 wnits of heparin by tail vein injeetion, This
was administered as 1 e¢c of I.-ipo—-ﬁepina. Contrel animals were given
1 ce of saline, also by tdil vein injestion. Two hours after the
stress procedure, 90 per cent of the control animals were dead with
only a 45 per ecent mortality in the heparin~treated group, At the end
of 12 hours, however, 100 per cent of the control animals were desd
and 90 per cent of thes heparinized animals had died (Figure 26), The
heparinized rats sesmed to have a somewhat longer survival time, bub
the overall survival from the stress procedure wes nobt altersd.

The animels whieh had been given the high dosages of heparin
did not seem to bleed to any great extent., This seemed scmewhat
surprising, because at aubopsy some rats were observed to have small

arsas of abdominal bleeding,

Hydrocortisone Ez;:arisa@nt in Rats

Hydrocortisone, 5 mg per rab, was administered by tail vein
injeotion jmmedistely after tumbling rats 500 turns in the Noble-Collip
drum, At the end of two hours, 90 per cemi of the control animals
were dead, whils 70 per cent of the treated animels had died. However
no more ¢f the treated animals disd after the end of the two hour
perdod. AL the end of 12 hours, 100 per cent of the contrel animals
were dead. The animsls treated with hydrosortisone thus demonstrated
a 30 per cent better survival rate than did the comtrol animals
(Figure 27). They alsc exhibited a slower death rate in the first



FIGURE 26

SURVIVAL OF RATS GIVEN HEPARIN
(1000 UNITS PER ANIMAL)
AFTER 500 TURNS
I¥ THE BOBLE~COLLIP DRUM
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PIGURE 27

SURVIVAL OF RATS GIVEN HYDROCORTISOME
{5 M3 PER ANIMAL)
AFTER 500 TURHS
IN THE NOBLE-COLLIP DRUM
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hour after the trsuma. At the end of the first hour, 85 per cent of
the sontrol animele were dead and only kO per eent of the hydrocorti-
sone animals had expired,

The 5 mg per animsl dosage of hydrocortisone employed in this
experiment would sorrespond to 24 teo 26 mg/kg in the rat, If this
figure is projected for s 70 kg man, the dose would approximate 1750
mg., Thiz is about double the 1000 mg dosage recommended by Lillehei
for humans (55).

Time permitiing, this experiment would have besen expanded by
giving multiple doses of hydrocortisone after the stress procedurs.

Aldosterone Hxperiment in Rats
Because of the ineressed ultimate survival of the animals which
had received hydrocortisone, it appeared desirable Lo try other ster-
oids, As it has slready been shown that alterations in the content
of scdium and potassium of the ret aorta oscur in shoeck, it was
decided to employ aldostercne, as the principle effect of this steroid
is the comservetion of body eleetrolytes, The aldosterone was dissclved
in saline containing 10 per eent sthanol to obtain a sclution. The
injection of aldosterone was given vis the rat teil vein ilmmediately
after tumbling 500 turne in the Noble-Collip drmms., A dose of 0.1 mg
per rat wae adminisbered in a total volume of 1 ee. The cenbrol animals
weres simuitanecusly given 1 oz of saline eontaining 10 per sent sthancl.
At the end of the first three hours, 100 per cent of the contrel
animals were dead, wheress only 40 per cent of the aldosterone animals
had died., FHowever, at the end of 12 hours all of the treated animals
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were dead (Figure 28}. It seems then that aldosterone gave some sarly
rrotestion that was greater than that afforded by the hydrocortisone,

However, 1t did not alter the overall mortality of the treated animals,

Intestinal Trauma in Zxperimental Animals

Upon autonsy of the rats which had been subjected to the ex-
nerimental stress in the Noble-Collip drum, a very characteristie
intestinal hemorrhasie appsarance was noted, The area involved
seansd to be about 25 to 35 oem in length and was located in the lower
jejunal and upper ilsal sections of the small intestine, At first
glanee these lesions seemed to be saused by traums suffered by the
animal in the tumble sage.

To test the hypothesis that these lesicns were caused by direct
troume to the ares and not by the stress procedure itself, rais were
gubjectad to stress by vplacin; them in sealed quart size spscimen jars
and placed in a cold environment. The temperaturs was from 3° to 4° C.
The animals were kept im this condition for 90 minutes when they were
removed from the jars and saerificed, The abdomen was opened and the
spall intestinal area examined., As shown In Flrure 29, these animals
had & similar lesion of the small intestine. This would then indicate
that the pathology of the emall intestine is not totally caused by the
traums of the animals in the tumble cage, but seems to be at lesst in
rart caused by stressful sitvations, Similar results were observed
in the dogs that wers induced into shoek by repeated injestions of

hish dosages of pressor amines zs described earlisr.



FIGURE 28

SURVIVAL OF RATS GIVEN ALDOSTERONE
(6.1 MG PER ANIMAL)
APTER 500 TURNS
I§ THE NOBLE-COLLIP DRUM
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FIOURE 29

GROSS RAT INTESTINAL PATHOLOGY AFTER
500 TURNS IN THE NOBLE-COLLIP DRUM
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& preliminary histologic examinatbion was made of this trauma-
tined tissus. Rats were sacrificed about 10 minutes alfter tumbling
600 turns in the Noble-Collip drum and then killed by an intraperi~
toneal injection of 0.5 ce of 50 per cent urethane, Control animals
that had not been tumbled were also sacrificed with intraperitoneal
injections of 0.5 ez of 50 per cent urethans solution. Then segments
of approximately 4 em in lsngth were removed from the control ileum
and from the corresponding arsae of the traumatized intestine from the
atressed rat. Also a segment of the lowsr ileum was removed from the
tumbled animal which still retained a nornal macroscople appearance.
The sections of tissue were then proupbly placed in 10 per cent fﬂf«
malin solution and saved for microscopic examination.

The =lides were kindly prepared by the department of Fatholeogy
and stained with hematoxolin and ecsin, Microscopie cbservation
verified the normal macroscopic appearancs of the intestine from the
treumatized rat. However, the arss showing marked trauma grossly
appeared also to have a destruction of the villi of the small intes-
tine. This can be sesn from the following photographs of the normal

and traumatized rat intestine (Figure 30),

Mrocardial Shock in Dozs

To study the effect of pressor arines in dogs with myocardial
infaret shock, doss were prepared as desoribed previously. Of the eight
degs who appeared to be in shock 48 hours after the corcnary ligation,
five were infused with norepinephrine (4 mz in 500 oc normal saline

solution) at a rate that would restore their blood pressure to the



FIGURE 30

MICROSCOPIC CHANGES IN THE
SMALL INTESTINE OF CONTROL RATS
(TOP PHOTOGRAPH)

AND OF A RAT STRESSED 500 TURNS
Ii THE NOBLE~COLLIP DRUM
(BOTTQM PHOTOGRAPH)
x 200
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control bleod preasurs taken hefors the surgery, Three of the doge
were inmsm in the same menner, but instead were ziven & solution
econtaining 2.5 mz of angiotensin amide in 500 ¢ec normal salins
solution,

'A;L}. of these animals bhecame tashyphylactic to both the norepl-
nephrine and anriotensin amide and died. The infusions were siven
approximately for four hours hefore death cecurred, e apparent dif-
ference was noted between the two pressor sgents.

The sodium and potassium consentrations of the femoral arteries
of the de~s was deterrined on the dozs with myccardial infaret as
previcusly deseribed, The sodium and potassium eontent of the infaret
dore still alive 48 hours after Lhe liration showed an increase come
pared with the control values (Firpure 31), However, in the dogs which
died within 30 minutes after the ligation of the left desdending
coronary artery, & marked decrsase in the sodium content with a slight
increase in potassium could be demonstrated. The average value of the
two dors ehowed a drop in sodium Prom 15.43 mEQ/100 gn artery tisgue
to 7.76 nBy, Ths averags potassium content rose from 2.21 mEg to 2.72.

Two of the dogs which were alive A8 hours after the ligation
were withheld until they became refractive to the norepinephrine
before removal of their femorel arteries for the determination of the
sodium and potassium content. Thess dogs again had the marked drop in
arterial scdium content that was observed after the injectlion of pressor
amines in norral dors. In one case, the potassium content dropped from

1.93 rBEg/100 z= to 1.32 mBEn/100 mm, and in the other dog it had only



FIGURE 31

ARTERIAL ELECTROLYTE STJDIES
Ol DOGE SUBJECTED 10
LEFT DESCENDING CORONARY LIGATION
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changed from 2.73 mEQ/I00 mn to 2,78. This last obssrvation is still

within the experimenial error of the slecirolyte determinations.
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DISCUSSION

The trestment of shock is mrrmtly undergeing a eritical
evaluation as to both etiology mnd therapoutic mansgement with drugs.
This is quite cbvious in that a large mumber of papars have appeared
in the last few years pertaining to these two rhases of ghook, It is
also obvious that no gemeral agroecment has been reached as to the
usefulness of all of the therspy currently employed. The main point
of referance seers to be whether the comuonly employsd pressor drugs
should or should not be the drugs of choice after the bloed voluns has
been restored to normal. One group seems to sdvocate the employnent
of pressor agents (26)(29)(35)(65)(87) and the other side tends to
favor other forms of therapy (5)(28)(30(55)(58)(68)(76)(81). Thie
study concerns itself with the wperimental evalustion of drugs
employed in the trestment of shock.

Ae in all forus of experimentel treatment of dissase stabtes in
enimals, it is desirsble to produce in the animal & eondition resem-
bling that seen in the human cownterpart. To date no animal prepara-
tion can be said to eorrespond to all forms of shock (95), and it is
doubtful thet sny one is wholly satiefactory even when limited to o
single form of shock.

The Hoble=Collip drum technigue which produces in rals 2 state
of trawnatic shock was employed in this study. It is probably not the
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ideal test procedure. Howsver, st this time, it seems to be very
useful for rapidly sereening drugs that mey be useful in either the
provention of shock or its treatment, The advanteges of this msthod
&ra several:

A, Tt allows the use of amall laborstory animals, with

corresponding minimum expenseé.

B The per cent lethality of the stress can be controlled

with good reproducibiiity,

C. It allows for sinmltaneous eontrols.

There sre also several disadvantages:

A. It is difficult to make detailed physiological

measuraent.

B. There is the guestion as to whether the method is

applicable to human shock which has not been determined,

The method of producing myocardial shoek in dogs was employed
not necessarily because the shoek produced mimics that of the human
sounterpart, but to see if the same altaéatimu in arterial electro-
iytes ocourring in the dogs occurred with the rats in the Noble~lollip
drum and with the dogs in epinephrine shotl.

In the preliminsry experiment in which morphine sulfate was
administered prior to the tupbling of the rats, it was observed that
the animals receiving a single injection of 2 mg/100 gm body weight
one hour prior to the stress were more suscepiible to the damaging
affest than those that had been receiving the same dose daily for five
days. This obeervation seemed t0 be opposed Lo cusboemary philosophy
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goncerning stress resctions. It has been observed repeatedly that

morphine sulfate when given clindeally will inhibit the relsase ef
ACTH in response to stress (7)(11)(27)(38)(61), while single injections
of morphine seem to stimulate the produstion of this hormone (7){67)

as well as that of epinephrine (71). These results would lead %o the
conelnsion that a single injection of morphine along with ils snalgesic
properties ghould have protechbed the animal.

This work seems to demonstrate that in rats which have been
subjected to sub~lethel amounts of stress in the Noble-ollip drum,
stimulating procedures seem to be detrimental to %}h@ eventusl resovery
of the animal., In faet the injection of pressor amines inte the
animals studied seems to produse the effect that would be expected
from snother 100 twrns in the drum. This response is %o be expected
however if the detrimental effects of the stress procedure are mediated
by endogencus epinephrine and and norepinephrine released in response
to the noxlous stimuli. As has been shown by Young and Gray (94) the
blood levels of these two amines incregse in rats with the grester
nupber of revolutions in the Noble-Collip drum.

It has been observed repsatedly that during shock-like states
there is normally an increased blood level of epinephrine and norepi-
nephrine. This has been reported both for human patients (49)(35)(96)
as well as for experimental animals (60)(74)(75)(76)(94). It would
appear that these high blood levels of pressor amines are involved in
the production of the irreversible state of shock. This would be
substantiated by the fact that by giving pressor suines to animals



glready in shock, with high blood levels of pressor smines, the
lethality of the stress is increased.

This hypothesis is also confirmed, abt least in part, by the
produstion of eperimentsl shock-like states in dogs with the repeated
injections of both epinephrine and norepinephrine. Ia these experis
ments 1t would have been desirous to determine the astual blood levels
of these amines attained in the dogs, but the equipment for such
studies was not evailable at this time. I do think however that this
is an important peoint to consider. :

The ebmmtim that the three different methods of producing
shosk in the experimentel snimals (the tumbling strese in the rats, the
injection of high doses of pressor smines, and the production of acute
myosardisl shock in dogs) &ll produced & drop in the sodium content of
the arterial wall seems t¢ indicate that this may be a manifestation
of 8 common defect in shook~like states. The alterations in potassium
in the dog are not quite as comsistent as that of the rat, bul as has
been pointed oub, this may be due to a gradual rise prior to death of
the animal. The ascuracy of the method employed for the determination
of the sodium and potassium is open to some critiecism as an internsal
1ithiue standard was not employed. For more eritical changes induced
in elsctrolyte composition of arterial wall, it would be mandatory
that & more sensitive instrument be used., However, even with the
procedure employed, significant decreass in the sodium eountent of the
aorta of the rat and of the femoral artery of the dog cecurred when
the snimals were in shoock, A sigmificant drop in potassium content
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ogeurred in the rat, but was not simifim‘h in the dog. Decause
thess alterations in arterisl wall slestrolytes oscurred both in the
tumbled rat and in the epinsphrins-shocked dog, it was speculated that
a causal relationship occurred. Thifs is indicative slso in that when _
the snimals were given ephedrine and sacrificed 30 ninutes after the
strese, the control rat seemed to be retwming btoward noraal while
the sodiun and potassium content of the trsated rat remained low.

This cbservation wes made in only two rets, however, as the others in
the group died befors the 30 minutes wers up. It would be desirous
to repest this experiment until a larger muwiber of surviving rats
could be obtained.

1t was also shown that in this same connection rate which were
pretreated with phentolamine one hour prior to tumbling did nob exhibe
it the drop in sortic ﬁadium or pobassium. The action of phentolamine
is such that it will inhibit or depress the biological effect of
catecholamines. This, couplsd with the observations of Manger ot al,
would further implicate epinephrine, rorepinephrine or some other
unlmown vasoactive compound that would be involved in the production
of the lethal effect of shock (60).

4 Purther observation that would tend %o confirm the importance
of the shift or slterstioms in sortic electrolytes in the shook~like
stgtes was obtained using chlorcthiszide~treated rats. The proposed
mechenism of asbtion of the thiazide diurstics as antl-hypertemsive
egents is to remove sodium and/or potassium frem the vascular wall

(91)(33). This is then thought to cause a depressed response of
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pressor mmines on the arterial tree. When this drug wae given to the
rats (10 mg per day for 10 days) prior to tumbling in the Noble~Collip
drum, 1t m found that thess enimals were more sensitive to the
lethal effect of the stress.

This would then indicate that the actual pressor mechanism of
the mdogonéusly released smines msy not be the only detrimental effect

| of the result of the stress reaction, sines in this Wrﬂmmt the
pressoy effect of the emines was somewhat obtunded by the price admine-
istrabion of the shlorothiszide, Whether this was tiué solely to the
tendency to depress the body stores of au&ium ami potassiun or Lo some
other unknown boxle manifestation remsins to be determined. It wao
demonstrated however that phentolsmine (a ganglionie blocking agent)
was &hle $o protest rate from this depression in aortic sodium and
potassium content.,

This evidence would seem to indisate that high levels of
presser anines in the bedy are debrimemtal in cases of shoek, whether
they come fdom endogencusly released sourcss &s & rasull of stressful
ghimuli or from repested injesticns of large amounts of these amines.
At the same bime, alterations in the elsctrolyie somposition of the
arterisl wall oceur, It seems doubtful that alterations in sodium and
potassiun are the only changes involved. DBecause these twe ions are
sasily measured this was the only perameter studied.

It is s:mcai%abla that these changes in jonde composition ars
mere reflectione of some more fundamentel change in the chemicsl or
physisal makeup of the reactive protein in the arterial musculature.
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An intriguing possibility exists that an alberstion in the receptor
site for epinephrine or norepinephrine may sccount for the loss of
these ions, As propesed by Bellau, the reseptor sile consists of a
phosphste complex that may be ‘aﬁmwsiﬂ@ tripheaplhm@ {ATP). If this is
true, when the ATP becomes attached to the cabtecholsmine, one molecule
of pyrophosphate would be released end as thie lesked oub of the cell
an e@ﬁvalent emount of either sodium or potassium could also leave.
This is mere speculation, however, and no evidence exists to support
this theory. Further work along this approach, however, may prove very
revarding.

In attempting to rveverse the lethal effect of the shockwlike
state produced in the rats, several drugs were employed. It has been
demonstrated that heparin will bind histenine and reverse it from the
general eireulation, espeeislly in allergle~like conditions (45).
Heparin was injected intravenously into the rabts efter tumbling 500
twrne in the drum with limited success. The animals which had recelved
the heparin did heve a somewhat slower rate of death initially but the
overall mortality was not differsnt from the control snimais. The
same resulis were also obtained using aldosterone. Howsver, in rats
tresated immediately after the zﬁtm&a with § mg of hydrocortiscone ouly
70 per cent of the animsls died as ﬁuﬁpmd to 100 per cent for the
gontrol saline~treated group: This was the only drug employed that
gave gny lasting protection to the snimals. High dosages of hydrocor=
tisone snd other sntieinflammatory stercids are being advocated for the
treatment of shoek (28)(55). Whether the stercids protect the animal
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from high blood levels of pregsor gmines or whether they alter some
metaboliec or physicsl effect in the shock-like condition is at present
undetermined, It is known, however, that stercids will protect
animals fram otherwise lethal doses of epinephrine, and it also seeus
to sensitize the blood vessels to mmall doses of epinephrine.

The observed protection of these animals with large intravenous
doges of hydrosortisone combined with the observation that pressor
substances appear to be detrimental to animals which are in s shocked
condition prompted Dr., Melvin M, Reeves to employ this treatwment in
human pu.tiem'.a.%

Endotoxin release has been implicsted by many suthors (5)(28)
(553(68)(81) in the production of irreversible stages in shock. This
is thought to be by way of tissue destruction in the gastrointestinal
system which leads to the sbsorption of endotoxin from the normal
flora of the intestinal tract (56). The destruetion of the intestinal
tract is thought to be due at least in part to localized tissue destruc—
tion brought about by vasopressor or vascspastic compounds released
during the development of the shock-like conditions (9). BEvidence for
the intestinal change was observed both in the rat and dog., The rat
showed & marked hemorrhagic-sppearing small intestine that upon microe-
seople examination Mveqlad vilH destruction, In the dog experiment
whenever high dose levels of epinephrine or norepinephrine were infused,

*Po date two patients have _been trested by the administration of from
200-250 mg of Solu~Cortef™ intravenously. This is then followed by
100-200 mg intrgvenously at intervals of one to two hours until the
patient shows no signs of reverting into shoek.
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ghe animal hed gross intestinal hemorrhages, This is in confimsation
of the work of Lillehei who aleo observed gsstrointestinsl hemorrhage
in dogs subjected to endotoxin and hypovolemde shook (55).

Whether or not this intestingl lesion observed in shockelike
states astually leads to systemic ebsorption of endotoxin has not been
sottled., Animals that have been raised from birth in sterils surround-
ings still exhibit irreversible shock (5). The quesiion has been pro-

posed &s to whether absorption of endotoxin from dead bacteria eaten in
the food may provide sdequate sndotoxin for the production of shesk in
these animals, The total elimination of bacterisl products from the
diet of experimental animals cannot be obtained with present-day
technigues. It is also imown that enimals which have had intestingl
sterilizetion pricr to stress also exhibit shock conditions, so that
the absorption of endotoxin from dead organisms camnob be ruled out.

The myocardial shook in doge which was produced by ligation of
the left dessending coronary ariery was somewhat disgppointing. It was
found that a prior splensctomy was necessary before the lethal effects
of the ligation were apparent. The first two doge which were operated
upon did not have the splensetony and did not seem to go into shock.
Because of the unpredictebility of the effects of tying the left descend-
ing coronary srtery, this procedure is not, in my opinion, an ideal test
method for the sereening of drugs in shock-like states. This same ob-
sarvation has also been reported by other suthors (14)(17). However
it was noted that in the animals which died within the first 30 minutes
aftor ligation, a fall in arterial sodium had occurred which would

correspond %o the resulte found in the other shock situstions.
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CONCLUSIONS

Tt has been shown that when pressor smines (epinephrine,
ephedrine, norepinephrine snd mephenteranine) are administered Lo rats
which are in shock, there is a grester mortality rate than in the
contyol animals given seline, In fact, s shockwlike state can be
produced in dogs by the repeated sdministretion of 0.05 mg/kg of
either epinephrine or norepinephrine. ‘

| Tt was alsc observed that in the produstien of traumatic shoek
in rats, or the pressor amine and the myocardisl infarct shock in dogs,
2 marked reduction of both the sodium and potassium content of the
vascular wall occurs. These changes in the traumstized rats and prese
sor amine treated dogs are progreesive alterations proportionsl to the
degree of shoeck. In the rats, this fall in arterlal electrolytes was
abolished by the prior trestment with phemtolamine (an edrenergic
bloeking agent). To test the hypothesis that the reduetion of sodium
and potassivm was important in the production of shock, rats were
deploted of their sodium and potassiun content by the intraperitonsal
aduinistration of the diuretic drug, chl@rothiazidﬁ. vThesa animals
mmibiie& & lesser tolerance to stress when compared to saline treated
eontrol rats. |

As en incidental observation, it was noted that necrotic changes

of the smell intestine wers present in rate subjected Lo tumbling
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stress or pressor anine shook in dogs. In the rat this appears tc be
nediated by villi destruction. This ie not direetly related to the
trauma of tumbling, since rats subjected to nonm=traumatising stress
also exhibited the ssme types of laalon,

Hydroeortisons was the only drug whieh could be given after
the stresgs procedure snd resultant shock which was sble %o increase

the incidence of survival,
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Trade name equivelents of geunoris namos uwed in this thesds.

Goneric Neme Ivedeneric loss
1. Aoglotensin smide Rypertensia”
2, Carbachol poryd™
3. Chlerothiaside Dlawdd®
ke Chlaspronasine Thevasins’
5. Sptnephrine Arenalind
6. Hoparia Lipo-teptn’
7. Hydroscrtieons Solu-Cortes”
8. Isoproterensl fowprel?, Borisodrine’”
9. Lideoaine Sylocaine™
10, Hephentermine iy’
1. lorepinsphrine ~ Levophed”
12, Peatobarbital Heswmtel?
13. Phenylephrine Seogyneparine
ihe Predaisclone solu~Hedral™
15, Proocaine Wovoonine”
16, "hiopental Poatotnal”
17, Trowsthamine THAM) Tolateal”

18, Vasopressin Pitressin?
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DEFINITION OF TACHYPHYLAXIS AMD TOLERANCE

The terms tachyphylaxis aud tolerance are undergoing a process
whereby they are changing somewhat in their connotation. However, in
the body of this thesis usage implies the classical definition, which
is a dimipution of the respense of p drug in reia.tion to time. Tachy-
phylaxis therefore denotes a rapidly decrsasing response frem repeated
injections of the drug independent of the mechanism, while tolerance
signifies a decrease in response thai may take several days to become
manifest.

Currently mechaniams of action are entering the definition
in that tachyphylaxis may be thought of as sn inhibition in some way
of receptor sites, while tolerance may be manifest by either an
increased metabolism or excretion of the drug.



PER CENT WATER CONTEMT OF RAT AORTA

CONTROL RATS TUMBLED
RATS 800 TURNS
53.47 6l 41
55,00 61.90
60,00 61.90
63.51 61.66
60.27 ' £1.06
28:42 66.67
Hean 58.49 ' 62.93
SALINE TREATED RATS EPHETRINE TREATED RATS
1 HOUR AFTER TUMBLED 1 HOUR AFTER TUMBLED
60.8 _ 56,7
63.0 57.9
0.0 62.4
62,1 57.8

Hean 61.8 . Mean 59.1





