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THE JOSIAH MACY, JR FOUNDATION
CONFERENCE PROGRAM

DURING THE PAST FIFTEEN years the Jostah Macy Jr Foundation bas
organized more than twenty conference groups, each group meeting for
at least two days annually over a period of five or mose years Each
mecting 1s Limgted to twenty five participants (members and guests)

selected to represent a multidiscipline approsch to some urgent problem
1n the field of medicine and health. The goal of this conference program
1s the promotion of communcation, the exchange of ideas, and the
stumulation of creatvity among the partiapants The purpose of the
publication of the transactions of the meetings 15 to share, as far as
possible, the conference process with a lasger audtence than could par
tiarpate personally 1n the discussions

These conferences provide an opportunity for 1nformal give and tahe
among the participants  To further this purpose the number of presenta
tions planned for each day 1s generally restricted to one or two The
member or guest, selected to give such a presentation 1s requested not
to read a paper but rather to highlight, in 2n informal manner some
of the more nteresting aspects of his or her research, with the expecta
tion that there will be frequent interruptions by participants in the form
of queshions criticism or comment  Such interruptions during the course
of 2 presentation are encouraged and form an essential part of the

group wnterchange.

The conference program has always been viewed by the Foundation
as an expenment in communication m which there 1s room for improve
ment and nced for frequent reappraisal Sufficient expenence has
already been gained to jusnify the conclusion that ths type of confer
ence 13 an effective way of improving understanding among scientists
1n medscine and allied discaplines of broadenung perspectives of chang
ing attitudes and of overcoming prejudices The further conclusion has
been reached, as the result of this experiment, that the msjor obstruc
tions to understanding among sctentists lie 1n the resistance of human
attitudes to change rather than in difficulties of technical comprehen
sion Less extenstve experience with non-scientists has mndicated that
the effectrveness of this type of conference 15 not lunited to groups of
saentists but vl function 1n any group meeting where more effective
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8 Shock and Circxlatory Homeostasts

communtcation s the pumary goal It s also clear that the same
conference techruque, with minor changes 15 readily adapted to small
international conferences

The style of publication of the Transactions has 2roused considerable
wnterest and some eritiasm  The crttcsm has been directed primanly
to editorial permussiveness whuch has allowed 1n the final text, in some
tnstances too many questions, remarks or comments which, although
perhaps useful duning a heated discussion, seem out of context and
nterrupt the sequence of thought in the printed volume A few have
objected to the prinaiple of publishung 1n this style and would prefer a
depersonalized summarv without interruptions

The Foundation Staff and the Saientific Edstors of these volumes wel
come crizasm and bope to profit thereby 1n mncreasing the usefulness
of the Transactions to scientists and students of science m this country
and abroad

Frank FREMONT-SMrTH M.D
Medical Director

EPHRAIM SHORR
June 1 1897 Janoary 6 1956

Ephraim Shorr brought to the Chairmanahip of the five Coaferences on
Shock and Circulatory Homeostasts a um:;ucpdustu of talents, His nch
apaaty for onginal and creatrve rdess was well ducﬁlmcd by long expen
ence with the expenimental method  The range of his competence in sa
entific research extended from the intncate brochermucal processes within
Irving cells to the integrative functions of organs aad systems whych main
tain the tatactness of the organuym &5 2 whole

Above all Ephraim Shorr was a great physcran. He was unspanng of
himself 10 responding to the needs of hu patients and their fambes. Hrs
diagnostic skall end clinsaal judgment were outstanding  As a tescher and
frrend he was tve to new 1deas, Lindly in enbiasm, and generous with
encouragement. He was unswerving m his devotron ta screntific and human
tdeals.

We who have shared the prvilege of dose associshon wath Ephmm
Shorr mourn our irreparable foss 1n his uatimel death. We will alvays
chensh the gift of his frendship and rejoice that he has Ined

Franx FREMONT SMITH




HEPATIC BLOOD FLOW
IN EXPERIMENTAL SHOCK

STANLEY E BRADLEY

Departinent of Mediane

Colambia University College of Physictans and Sargeons
New York Y

THE HEPATIC GRCULATION undoubtedly plays an important role 1n the
arculatory adjustments that develop 1 the body following hemorrhage
or trauma There 15 too Little durect or reliable evidence avadable to
permit more than a tentatrve hypothess regarding the character and
mechanisms of the changes that occur 1n the splanchnic vascular bed.
The nformation yrelded by morphologic and physiologic study often
appears to be mn conflict and successive or continuing shifts mn the
pattern of response complicate the picture In consequence, interpreta
tion must be guarded and generalizations accepted with caution. At this
conference my tash, as I understand 1t 15 simply to present the problem,
to note some of its complex features and to raise questions that seem
mmportant for further investigation. In imtieting the discusston, I
should like to avoid the term  shock and all of the confusion that
term tvolves but I know quite well that 1t 15 not altogether possihle.
I shall deal with the problem of adjustments 1n the splanchnic bed
which are preapitated by blood loss and a fall 1n the total blood volume
Whether these considerations are also germane to the shodk that fol
lows trauma, burns fever and so forth, 1s uncertsin, but it seems
possible that to some extent they may apply Here st once we enter 20
area regarding which there 1s little or no evidence more 1s needed, and
a trustworthy survey must wait upon further inveshigation

The size of the splanchruc bed and the volume of blood lymg within
1t and flowing through 1t each mimute give a seemungly sound a priors
basts for the belief that 1t 15 important 1n systemic hemodynamic adjust
ments Measurements of splanchnic blood flow following hemorrhage
1n dogs indicate that the blood flow diminishes but no more than would
be expected on the basis of the associated fall 1n artersal pressure
alone (12,3) Does this mean that vasoconstriction does not develop
at all or that the varous components of this complex bed are affected

9



10 Shock and Circulatory Homeostasts

differently with no net change m calculated resistance® Do hepatic
arterial inflow mesentenic arterial inflow and splentc nflow behave
surulacly? I have no answers to these questions 1 hope that someone
among you will

Further observations of the behavior of the splanchnic arculation
suggest that vasodilation develops spontaneously within an hout or
more after 2 single hemorrhage and that it occurs 1n the absence of a
notable restoration or arterial pressure or cardizc output This

spontancous recovery  tf  recovery it 1s must be assoaated with
compensatory adjustments elsewhere 1n the body so that a further falt
m blood pressure 1s prevented Where do these adjustments take
glxcc’ Docs this response umply that protracted reduction 1n hepatic

lood supply gives risc to local alterations that induce vasodilatton?
Within what parts of the splanchnic vasculature s this response most
marked or 13 1t 2 generalized phenomenon? What 1s its mechamusm,
neural or humoral?

When hemorrhage 15 repeated at frequent intervals so as to prevent
any effective restoration of the blood pressure level the splanchnic
blood flow continues to be depressed at least to the same extent as the
perfusing pressure  In what manner then 1sthe spontancous recovery
qust alluded to that follows 2 single bleeding interfered with? Is there
a shuft 1n the splanchnic hemodynamuc adjustment m more protracted
hypotensive states? Do all parts of the splanchnic vascular bed behave
similarly 10 this response? Is there, indeed vasoconstrction in some
sections and vasodilation in others?

Measurements of splanchnic blood volume following hemorrhage
indicate that the amount of arculating blood held within the splanchaic
blood vessels decreases In this manner a constderable volume of blood
15 transferred from the splanchnic reservorr to the systemic crroust as a
kind of autotransfusion. This phenomenon 13 observed 1n both
mntact and splenectomuzed antmals and 1t seems probable that move-
ment of blood from the spleen may also contribute to the shift How 5
this transfer brought about? Does vasoconstriction result i an active
teduction i splanchnic vascular capacity or 15 a fall m distending
pressure which results from the decrement i perfusing pressure and
perhaps also from arterolar vasoconstriction sufficient to account for
the change? If this effect depends upon vasomotor adjustments how 5
1t mediated?

Much has been said about the possibility of “poolng ¢ the
splanchasc bed as a factor conduaive to the development of trrevensible
shod. but clearcut evidence that st actually occurs as a pumary event
seems so far to have eluded us The splanchnic blood volume scems to
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be greatly reduced after hours of sustained hypotension. It may be
argued that a greater proportion of the total blood volume 1s confined
to the splanchnic bed ‘but accurate data on the distribution of blood 1n
different parts of the body at different stages 1n the progression to
irreversibality are not yet, to my knowledge, avadlable.

In thus bref wtroduction I bave been contfcnt to potnt to a nu:ﬂbcx of
unanswered ons regarding the role of the splanchnic arculation
n the cucuf:t:fy adyuf:neutf to hemorrhage or other causes of
artertal hypotension. 1 do bope that answers to many of them will
emerge from the discussion to follow

Zwerfach Are you considening the visceral mass as one organ system?

Bradley 1 think of the splanchnic bed as that system of vessels
which lies between the sorte and the hepatic vein, and thus includes the
vasculature of the spleen the gastromtestinal tract, the pancreas, the
portal venous system, and the hepatic artery and its drainage system.

Zuerfachk Do you believe that all of these visceral structures
necessarily undergo changes in the same direction or to the same degree?

Bradley No there 15 no a preors reason to suppose that all the
components of this system should behave simdarly Indeed, there s
much evidence that they do not but it scems to be fragmentary 1n
character and not s yet satisfactonly integrated

Zuetfach 1 believe that our direct microctrculatory studies have pro-
vided pertinent information 1n this regard In the omentum, the
arculation becomes highly ischemic following simple hemorrhage
sufficrent to lower the blood pressure of the anesthetized dog to from
40 to 50 mm. Hg  Observations on the mesentery of the small intestine
permut us to record the flow 1n the large veins and artertes which feed
the bowel proper Both the artertes (from 130 to 250 ) and the veins
(from 200 to 400 1) undergo extreme constriction to less than one third
of the origmal caliber The return of blood from the bowel through
the large veins 15 slowed to such an extent that the blood 1s moving only
slugguhly and intermuttently One of our crtena of shoch has been
the degree of hypotension which was necessary to mterfere with the
venous teturn of blood from the bowel by way of these large veins
Ireversible hemorrhagic shodk, a state which progressively becomes
refractoty to blood replacement does not develop unless the blood
Erwurc 15 lowered sufficiently to interfere with the venous return of

lood flow from the bowel

Observations on the surface of the small intestine especially i small
anumals such as the rat) indicate a sluggish ufchcmlc cZ:culnuon
dunng the 1nttial phase of the hypotensive epsode and venous and
apillary stagnaton dunng the termunal stage We have no direct
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observational evidence conceming the arculation 1n the liver proper
although several studies 1n this regard have been reported (45) Your
alculations indicate certain discrepancies m over all splanchnic blood
flow evidence for which cannot be provided 1n the bawel proper 1ts
mesenteric appendages and probably not in the lrver

Remmgton  Are you making a distinction between the circulation 1n
the bowel and the mesentery?

Zwerfach 1 am drawing a distinction between the capillary arcula
tion 1n the various mesenteries proper and the flow through the large
veins and arteries which enter and leave the bowel by way of the
mesentery  Observations of these large blood vessels should reflect
accurntely disturbances in blood flow through the intestines

Horrath 1s the reduction here greater than that tn any other area?

Zwesfach With the onset of hypotension (65 mm Hg or less) fol
lowing hemorrhage, the flow through the small blood vessels of the
skin and skel muscle almost ceases Thus 1s accompanied by
extensive vasoconstriction of the arteries artertoles, and vetns in these
tissues. At this stage, there 1s only a moderate narrowing of the
arteries and vemns in the mesentery with the slowing 1n blood flow
roughly parallel to the degree of hypotension When the blood pressure
falls below critrcal levels (1n the anesthetized dog below from 35 to 40
mm Hg) marked vasoconstriction of the mesentenc arteries and vens
develops with little or no umidirectional flow in the vens

Bradley You scem to be contradicting yourself Fimst you seem to
say that the blood flow falls 1n proportion to the decrease 1 blood
pressure, and then you speak of vasoconstriction. Is that not contra
dictory?

Zwesfach Why am I contradicting myself? I say when an ammal 15
bled the blood pressure falls

Remmgton It would seem that the term tasoconsiriction should be
reserved for a greater dameter decrease than would accompany through
passive recoil, the reduction 1n pressure

Zwerfach 1am using the term tasoconstriction to mdicate a narrow
ng of the vessel under observation with no implication concerning the
factors responsible for its narrowing

Fremont Smuth  Certatnly the vessel has contracted to get a reduced
duzmeter

Hortath The important part 15 how much blood 15 going through
the vessel In my own observations using todimated albumen and radio-
actne chrome, the distribution of arculating fluid 1s no different in an
anmal 1n hemorrhagre shock than i the pormal state. We find as a rule
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that there 1s about 28 pet ceat of the total arculating blood volume
the splanchnic bed 1 both groups

Baer. May I ask at what ime dunng the hemorrhagic expenment
these measurements were taken?

Horvath About an hour after they have been mauntained st an
arterial blood pressure of 40 mm. Hg So 1t 15 really a true, severe
state of shock. The difference between the volume of arculating blood
and the volume of apparent disturbance 1n the flow, which can be
determined by the visual observations may be great

Renungton What do you mean by the volume of the arculating
blood ?

Horvath The volume of blood 1n the total arcalation is reduced by
2 sigmificant fraction by continued bleeding  The volume removed 1s
greater than that replaced for nstance, by movement of fluid from the
wntravascular spaces

Baez. I believe the difficulty anses because we are speaking of two
different thuings namely, arterial or arteriolar vasoconstriction versus
blood flow which were recorded by different observers i separate
experiments and most likely at different tmes  Visible and measurable
narrowing of the artenies and large artertoles occurs during hemorrhagic
hypotension, as Dr Zwetfach described, etther as an active process
caused by neurogenic or humoral influences or as a passive adjustment to
a decrease 1 the head of pressure  This adjustment, however would
not necessanly be rcﬂect«f m blood flow measurements made i the
portal or hepatic vens A rapid and masstve passage of interstitial
flud 1nto the vasculas compartment oconrs when the hydrostatie head
of pressure decreases and the muscular metarteroles and precapillary
sphincters are actively closed, This could account at least in patt, For the
unchanged blood flow measured 1n the portal and hepatic veins

Dr Bradley did I understand you correctly that the blood flow 1a
the splanchnic viscern wncreases agun after a penod of reduced flow
following hemorrhage?

Bradley No 1 1aid the blood flow seemed to return toward normal,
that 13, toward the control levels

g«ZI\th does this occur?

radley Pethaps I can answer this question more cleas] resen|
ing data collected ﬁ ourt laboratory by %ur Hewnemann, Dr ézy&c, nnil
Dr Marks (1) In Figure 1 values for estimated hepatic blood flow
(EHBF) measured by the bromsulphalen method and expressed 1n
terrs of the control values are plotted against tume for esght dogs
studied before and following blood loss amounting to approxtmately
2 percent of the body weight  Blood flow fell sharply after hemorthage,
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and then returned within one hour to of toward the control level 1n the
absence of restoration of blood pressure or cardiac output

Horrath There 1s no question that after a single massve hemorthage,
the estimated splanchnic blood flow does tend to return to normal I
think there have been several other reports besides theirs that showed
the same thing (6)

Zuwerfach Doesnt the same type of readjustment develop n most
other areas of the body although possibly to a different degree?

Hortath This occurs, if 1 am not mustaken despite the fact the
carduac output 15 sl low

Bradley Yes

Dobron How can this occur all over the body and the carduc out
put still remain low? If the cardiac output docs stay low while the
splanchnic arculation returns toward normal with ttme after hemor
thage, then some tissue or tissues elsew here 1n the body must be getting
Yess and less blood flow with tme after the hemosrhage
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Bradley That is true In the experiment shown ta Figure 2, from
a study by Reynell ef af (3), it may be seen that the fall 1n blood pressure
and cardiac output (messured by the durect Fick method) after hemor
thage persisted until the fume when  recovery 1o EHBF was evident.
Thus, vesodilation apparently develops within the splanchnic bed, pre
sarmably accompanted by more pronounced yasoconstriction ¢ ere
m the body

Selbxrt Because of the uncertalnty of the bromsulphalern merhod,
we made measurernents with the bristle flow meter developed by Dr
Brecher and Dr Praglin (7) 1a our department The meter Is nserted
directly 1nto the portal vein of dogs For the hepatic artery flow flow
measurement was made by 2 carotid hepatic artery shunt, because the
flow meter head was to0 large to mnsert directly into the arterv

We employed the hemorrhagic shodk procedure previously used 1n
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our laboratory Figure 3 shows a resentative ex; with
artenal blood pressure at the top immeduately below this the bleeding
volume 15 given as per cent of body weight then the portal vern flow
and hepatic artery flow are gnen next are the pressures in the portal
veun and hepatic artery 10 mm Hg and at the bottom 1s a calculation
of resistance 1n these vascular beds by the A V pressure difference over
flow (P/F ratio)

Reststance increases m the hepatic artery unmediately with hemor
thage but it subsides later It increases with further bleeding
the 40-mm. Hg period  The mesenteric resistance does not appear to be
significantly increased with 1mtial hemorrhage but does so fater when
the aumal 15 bled down to 40 mm. Hg arterial blood pressure.

An interesting thing about these experiments was that upon transfu
sion of blood there was 1n every instance a marked hyperemua of the
portal ven flow as 15 evidenced by the very marked overshooting of
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flow The hy| 1s not 5o marked 1n the hepatic artery however
The ca.lculates reststance 1 the portal vetn cirawt (mesentertc) was al
ways below control on transfuston, sometimes decreasing by one half
The next expennment shows the changes a bit more dramatically
Frank Were the animals anesthetized ?
Selksrt With pentobarbital apesthesia  They bave been laparoto-
mized, a procedure necessitated by insertion of flow meters (8)
Figure 4 shows another experiment with the same setup In this
experiment there was a definite tendency for the portal vein flow to
recover about 30 minutes after hemorrhage the hepatic artery did also
but not to the same degree  After hemorrhage, hepatic artery resistance
declined continuously during the period of hypotension. Mesenteric
resistance mncreased somewhat at first, then declined later 1n hypoten
ston. On transfusion, there wes a very marked hyperemia of the
mesenteric bed, with tremendous overshooting of the portal vern flow
The calculated resstance of the splanchnic bed was considerably reduced
below control for some 2 hours posttransfusion. The hepatic artery
flow did not particapate so markedly 1n the hyperemic phenomenon
Thus 1n a group of dogs totaling about a dozen, we were surprised to
find that there was not usually a marked increase of splanchnic vascular
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our laboratory Figure 3 shows a representatrve experiment with
arterial blood pressure at the to unmﬁutcly below this the bleeding
volume 15 given as cent of Eody weight then the portal vein flow
and hepatic artery flow are given next are the pressures in the portal
vein and hepatwc artery 1n mm. Hg and at the bottom 15 a calculation
of resistance 1n these vascular beds by the A V pressure difference over
flow (P/F ratio)

Reststance increases i the hepatic artery immeduately with hemor
thage but 1t subsides later It increases with further bleeding
the 40-mm Hg period The mesenteric resistance does not appear to be
significantly increased with initial hemorrhage but does so later when
the animal 1s bled down to 40 mm. Hg arterial blood pressure.

An 1nteresting thing about these expeniments was that upon transfu
sion of blood there was in every instance a marked hyperemia of the
portal vein flow as 15 evidenced by the very marked overshooting of
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flow The hyperemua 18 not so marked mn the hepatic artery, however
The calculated resistance in the portal vein circutt (mesenteric) was al
ways below control on transfusion, sometimes decreasing by one half
The next experument shows the changes a bit more dramatically
Frank Were the animals anesthetized?
Selksrt With pentobarbital anesthesta  They have been laparoto-
mized, a procedure necessitated by insertion of flow meters (8)
Figure 4 shows another experiment with the same setup In thus
expermment there was a definite tendency for the portal vewn flow to
recover about 30 munutes after hemorrhage the hepatic artery did also
but not to the same degree  After hemorthage, hepatic artery resistance
dechined contimously during the perod of hypotension Mesentenc
resistance increased somewhat at first, then declined later i hypoten
sion  On transfuston, there was a very marked hyperemua of the
mesenteric bed, with tremendous overshooting of the portzl vemn flow
The calculated resistance of the splanchoic bed was considerably reduced
below control for some 2 hours osfusion  The hepatic artery
flow did not participate so markedly n the hyperemic phenomenon
Thus, in a group of dogs totaling about a dozen, we were surprised to
find that there was not usually a marhed increase of splanchnic vascular
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our laboratory Figure 3 shows a representative experiment with
arternal blood pressure at the top 1mmediately below this the bleeding
volume 18 given as per cent of body weight then the portal vein flow
and hepatic artery flow are given next are the pressures in the portal
vein and hepatic artery in mm Hg aad at the bottom 13 a calculation
of resistance in these vascular beds by the A V pressure difference over
flow. (P/F ratio)

Resistance increases in the hepatic artery immediately with hemor
thage but 1t subsides later It increases with further bleeding in
the 40-mm. Hg period. The mesenteric resistance does not aipca: to be
significantly increased with initial hemorrhage but does so later when
the animal 1s bled down to 40 mm Hg artenal blood pressure

An interesting thing about these expeniments was that upon transfu
sion of blood there was 1n every instance a marked hyperemia of the
portal vein flow as 15 evidenced by the very marked avershooting of
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flow The h 1s not so marked 1n the hepatic artery, however
The calculated resistance 1n the portal vein aarcuit (mesenteric) was al
ways below control on transfusion, sometimes decreasing by one half
The next experiment shows the changes a bit more dramatically
Frank Were the amimals anesthetized?
Selkurt With pentobarbital anesthesia  They have been laparoto-
mized, a procedure necessitated by msertton of flow meters (8)
Figure 4 shows another experiment with the same setup In this
experiment there was 2 defintte tendency for the portal vewn flow to
recover about 30 munutes after hemorrhage the hepatic artery did also,
but not to the same degree. After hemorrhage, hepatic artery resistance
declined continuously durng the penod of hypotension  Mesenteric
resistance 1ocreased somewhat at first, then declined later 1n hypoten
sion, On transfusion, there was a very marked hyperemua of the
mesenteric bed with tremendous overshooting of the portal vein flow
The calculated resistance of the splanchnic bed was considerably reduced
below control for some 2 hours fusion. The hepatic artery
flow did not participate so markedly in the hyperemic phenomenon
Thus 1n 2 group of dogs totaling about a dozen we were surprised to
find that there was not usuelly a matked increase of splanchnuc vascular
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resistance upon bleeding and when 1t did happen 1t was not man-
tamned with profanged bemorrhagic hypotension, Flow relative to pres
sure tended to increase somew hat, which, 1n a2 way supplements what
Dr Bradley has said and opens the problem of what the mechanism 1
We just do not hnow why at present

DeBakey How do you account for the marhed increase 1o portal
ven flow with transfusion? Where does that blood come from?

Selkurt It appears as though the blood 1s being shunted prefer
entially into the portal vein  Of course, we would like to go on at that
point and suggest that this may be an indication of splanchai pooling,
and perhaps such a mechanism 1s made manifest 1n these data. There
13 an elevation of portal pressure. We presume that this 15 an indication
of 2 wide open  splanchnic bed The artenal pressure never in our

ence, came back to control which mdlmt:rft}ut the blood might
be accumulating tn some part of the vasculac bed out of actrve aurcula
tion

Horrath When you are talking about the hepatic artery flow what
blood vessel are you talking about?

Selkare It 1s the common hepatic artery We did not ligate the end
supplying the duodenum It 15 possible that the hyperemir 1n the
ntesttnal bed complicates the flow and reststance interpretation n the
hepatic artery because some blood goes to the intestine

Nickerson One difference between the data in Figure 4 and those 1n
Figure 3 1s that the hepatic artery resistance did not sncrease much
during the second period of bleeding Was this difference correlated
with duratton of survival or anything else in the animal s behavior as
compared to other experiments in which the hepatic artery resistance
increased marhedly?

Selkurt Thus 1s a point of considerable concern to us but 1 can offer
no explanation. The first ammal survived longer than the second
suggesting an over all better vasomotor compensation than the sccond

Frank Dr Selkurt does this conflict with the suggestion of Wiggets
and Opdyhe (9) that resistance 1 mesentenc arterics 1s reduced rather
than increased dunng hemorrhagic hypotension?

Selburt Their work had more to do with hepatic resistance changes
than mesenteric ' We are concerned here with hepatic artery flow It s
a complicated matter to assess what happens to portal mfow o the
liver Obstously dicect taformation cannot be obtaned with the
approach of Wiggers and Opdyke They based thetr conclusions ‘;’;
the fact that the portal senous pressure increased relatric to an esnmat
flow and said that this mught be caused by ncreased hepatic resistante
to portal wnflow
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1t is uasafe to assume that hepatic artery flow 15 going to behave i a
manner similar to portal mnflow, and 1 should hesttate to make conclu
s10n8 concerning changes 1n portal mfow resistance on the basts of the
hepatic artery changes It 18 true 1n our experiments that, after an tnitial
decrease following hemorrhage, the portal pressure mncreased durtng
sustaned hypotension and 1t increased noticeably over control after
transfusion. Perhaps the rise 1n portal pressure during hypotension was
2 result of the development of increased resstance to portal mflow
However 1t might have been a manifestation of development of
hyperemia 1n the gut It 15 hard to say which or what combination of
the two 15 the important factor

Knisely 1 missed one potnt of the description of measuring the
flow through the hepatic artery  Did you have to cut the artery complete
Iy across 1n ordet to attach the instruments to it?

Selkurt We cannulated the carobd end ran an external arcwt
through the bristle flow meter and 1nserted a cannula 1 the hepatic
artery
Kmisely You did not cut if off?

Selkurt ‘The central end of the common hepatic artery was tied at its
pinchion with the celiac, and 1t was pe peupherally

Knurely 1am especully cunious because there are large vasomotor
aerves along the hepatic artery  Did you cut them o not?

Selknrt We were careful to dissect the nerves free and pass ligatures
between the nerves and the vessel. This does not mean that nerve
damage 15 not possible but we took care not to sever nerve tracts,
presumably they are mainly intact

Frank Dr Shortr we have heard evidence of two sorts from Dr
Bradley and Dr Selkurt bearing on hepatic blood flow  Perhaps the
group would like to hear something of the results of direct cannula
ton of a hepatic vein. We passed a large catbeter through the jugular
vewn into a hepatic vetn, did 2 bref laparotomy under ether anesthesia
to tie 1t saugly 1n, gnd measured outflow rates refuming the blood to
4 jugular or femoral vein) when the dog was thoroughly awake. We
found that when we bled the dog to an artenal pressure 30 mm. Hg, the
hepatic venous outflow rate fell on the average to some 18 per cent of
control values and as houss went by at that same low blood pressure
the venous outflow tended to fall & bt further to about 13 per cent of
control  Our elevated reserour system, of course, defeats compensatory
mechanisms. The dog bleeds out any additional blood he 15 able to
mobilize.

This preparation makes it possible for samples of the hepatic
venous blood to be taken Of cgou:se, we are aw:Prc the hepatic eraood



18 Sbock and Cirenlatory Homeostasns

resistance upon bleeding and when 1t did ha 1t was not mamn
tained with prolonged hemorrhagic hypotmsxonlfp;lnm relative to pres-
sure tended to increase somewhat, which, 1n a2 way supplements what
Dr Bradley has said and opens the problem of what the mechamsm 1
We just do not know why at present

DeBakey  How do you account for the marked increase i portal
vein flow with transfuston® Where does that blood come from?

Selkart 1t appears as though the blood 13 being shunted prefer
entially 1nto the portal vein  Of course, we would like to go on at that
pornt and suggest that this may be an indscation of splanchnic pooling
and pethaps such 2 mechanism 1s made mamfest 1n these data. There
18 an elevation of portal pressure. We presume that this 15 an idication
of a wide open splanchnic bed The arternal pressure never i our
experience, came back to control whuch indicated that the blood might
be accumulating in some part of the vascular bed out of active arcula
ton

Horrath When you are tallung about the hepatic artery flow ®bat
blood vessel are you talkung about?

Selksrs It 1s the common hepatic attery  We did not ligate the end
supplying the duodenum It 15 possible that the hvperemia m the
wntestinal bed complicates the flow and resistance interpretation in the
hepatic artery because some blood goes to the intestine

Nickerson One difference betw een the data 1 Figure 4 and those 1n
Figure 3 1s that the hepatic artery resistance did not increase much
during the second penied of bleeding Was thus difference correlated
with duration of survival or anything else in the animal s behavior as
compared to other expenments 1n which the hepabc arery resistance
increased markedly?

Selksrr This 15 a potnt of considerable concern to us, but I can offer
no cxplanation The first amimal survived longer than the second
suggesting an over al} better vasomotor compensation than the second

Tramé Dr Sellurt does this conflict with the suggestion of Wiggers
and Opdr):;:tg?g that resistance in mesenterc artenes 18 reduced rather
than 1nc unng hemorrhagic hypotension?

Selkzrt Their work had mose to do with bepatic resistance changes
than mesenteric  We are concerned here with hepatic artery flow It s
a complicated matter to assess what happens to portal inflow into the
lwer Obstously direct information cannot be obtained with the
approach of W iggers and Opdyhe They based theur conclusions (;r;
the fact that the portal venous ;l::ssurc increased relative to an estimat
flow and said that this might be caused by increased hepatic renistance
to portal inflow
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It 15 unsafe to assume that hepatic artery flow 1s gomng to behave 1n 3
manner sunilar to portal inflow, and I should hesttate to make conclu
sions conceming changes 1n portal inflow resistance on the basis of the
hepatic artery changes It 1s true in our experiments that, after an 1mtial
decrease following hemorrhage, the portal pressure increased during
sustamed hypotension and 1t increased noticesbly over control after
transfusion. Perhaps the r1se in portal pressure during hypotension was
e result of the development of increased reststance to portal inflow
However, it might have been a manifestation of development of
hypetemss 1n the gut. It 1s herd to say which or what combination of
the two 1s the rmportant factor

Kmsely 1 missed one pomt of the descption of measuring the
flow through the hepatic artery Did you have to cut the artery complete
ly across i order to attach the mstruments to 1t?

Selkurs We cannulated the carotid and ran an external arcut
through the brstle flow meter and inserted a cannula 1n the hepatic
artery
Kmsely You did not cut if off?

Selbyst ‘The central end of the common hepatic artery was tied at 1ts
junction with the celiac, and 1t was penpherally

Kmsely 1am espeaally curious because there are large vasomotor
nerves along the hepatic artery Did you cut them or not?

Selkurt We were carcful to dussect the nerves free and pass ligatures
between the nerves and the vessel. This does not mean that nerve
damage 1s not possible, but we took care not to sever nerve tracts
presumably they are mainly intact.

Frank Dr Shorr we have heard evidence of two sorts from Dr
Bradley and Dr Selkurt bearing on c blood flow Perhaps the
group would like to hear something of the results of direct cannula
tion of a hepatic vetn We a large catheter through the jugular
vein into a hepatic vein, did a brief laparotomy under ether anesthesia
to tie 1t snugly in, and measured outflow rates (returning the blood to
a jugular or femoral vein) when the dog was thoroughly awake, We
found that when ¢ bled the dog to an arterial pressure 30 mm, Hg the
hepatic venous outflow rate fell on the average to some 18 per cent of
control values and as hours went by at that same low blood pressure
the t\.r:xl}cmo.'. wtfiow ;:indcd to fall a bit further to about 13 per cent of
control - Qur elevated reservair system, of course, defeats compensatol
mh::rm The dog bleeds out any sddittonal blood he 1s able g

This preparation makes 1t tble for samples of the hepatic
venaus blood to be taken Of cg?xssne, we are uwnE;e the hepanc !eallnood
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resistance upon bleeding and when 1t did ha it was not
taned with prolonged hemorrhagic h)?omnpplc;;w relative tol;nr;
sure tended to increase somewhat, which i a way supplements w hat
Dr Bradley has sard and opens the problem of what the mechanism s
We just do not know why at present

DeBakey How do you account for the marhed increase 1 portal
vein flow with transfusion® Where does that blood come from?

Selkurt 1t appears as though the blood 15 being shunted prefer
entrally into the portal vein  Of course w¢ would like to go on at that
point and suggest that this may be an indication of splanchnic pooling
and perhaps such 2 mechamsm ts made manufest  these data. There
13 an elevation of portal pressure We presume that this is 2n indication
of a "wide open splanchnic bed The arterial pressure never m our
experience, came back to control which lndxcntcrfthat the blood might
be accumulating 1n some part of the vascular bed out of active arcula
ton.

Horrath When you are talking about the hepatic artery flow what
blood vessel are you tallung about?

Selkxry It 15 the common hepatic artery  We did pot ligate the end
supplying the duodenum It 13 possible that the hyperemua i the
ntestina] bed complicates the flow and resistance interpretation in the
hepatic artery because some blood goes to the mtestine

Nickerson One difference between the data 1n Figure 4 and those in
Figure 3 1s that the hepatic artery resistance did not mcrease much
during the sccond perod of bleeding  Was this difference correlated
with duration of survival or anything clse 1n the anmmal s behavior as
compared to other experiments 1n which the hepatic artery resstance
increased markedly?

Selburs This 13 a pont of considerable concern to us but I can offer
no explanation  The first ammal survived longer than the second
suggesting an over all better vasomotor compensation than the second

Trank Dr Selkurt docs this conflict with the suggestion of Wiggers
and Opdyhe (9) that resistance tn mesenteric arteries 15 reduced rather
than increased during hemorrhagic hypotenston?

Selkurt Thetr work had more to do with hepatic resistance changes
than mesenteric We are concerned here with hepatic artery flow It s
a complicated matter to assess what happens to portal inflow into the
Liver Obviously direct mfonmtlonﬁcznrgscléc [?cbmm]l ::(t]};’ foh'fn
approach of W) and yhe ey their conclu
t}{,:fnﬂ that the pigrtcﬁ \cnou(s)};dmsurc (mereased relative to an estimated
flow and said that this might be caused by increased hepatic resistance

to portal inflow
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becomes anoxic under these condttions It becomes very anoxic n the
first hours of shock, the hepatic venous oxygen satumation falls to 5
per cent from 1ts average control value of 56 per cent.

Horvath You talk about reduction of oxygen content ‘That has no
meaning 2s far as anoxiz of the tissues 15 concerned  What does the
reductron of oxygen content mean?

Selkgrt Shall we quote the heart?

Frank ‘That 18 true that the normal coronary venous blood has a low
oxygen content

Horiath You would say the cardiac tissue 1s anoxic?

Frank 1 would say not

Hortath The finding does not prove that the tissue 1s anoxtc  All 1t
says 15 that the withdrawal of oxygen from the blood 15 greater

Frank Actually T gave only the oxygen saturation of blood leavin
the liver whether the tissue ended up with as much oxygen 23 it need
I do not know  As the hours pa.ssurthe hepatic venous oxygen satura
tion went Jower, to 3 per cent, and transfusion did not restore the pormal
value for saturation, or flow esther 1n this expeniment

Kousely  Are there enough data to calculate the flow and oxygea
concentration going 1n and comtng out?

Engel Isnt it faur to say that on the basts of the data available the
ltver 13 hypoxic?

Shorr The lwver 1s converted partially and sometimes completely to
an anaerobic or;

Selkwrt You mean that the indication 1s that the liver does not
become anoxic?

Horvath Yes I raused the question whether the liver does become
anoxic The very fact that the liver takes more oxygen out of the blood
perfusing 1t does not tndicate that 1t hecomes anoxic.

Selksrt  The findings would so indicate if the flow were reduced—

Horrath Not necessanly It sumply means that 1f the flow 15 reduced,
the ltver 1s takeng out more oxygen per unit of blood flowing through it.

Engel The lver in sus i the shocked anumal behaves metabolically
the same as the liver taken out of a normal animal, sliced and 1ncubated
at a low oxygen tension. The dats are reasonably good Certamly Dr
Short has such data and we showed years ago that the lver is
tempotanly or even permanently behaving as if 1t has 2 himited oxygen
supply hence I do not see the reason for belabortng the ssue

Horrath The finding does not mean the Liver cell 1 working at a
different oxygen partial pressure 1t may be the very same as the control
T do not think there 15 any evidence to say definitely



TABLE 1

Splanchnic Blood Flow and O: Utihzatien During Prolonged
Hemorrhagic Hypotension in the Dog
(means of mine experiments)

Control 60 mm Hg 40 mm Hg
Blood flow ml/min
Portal vein 309 142 99
Hepatic artery- 177 123 70
O content vol/per cent
Artertal 181 15.8 170
Portal vein 116 56 56
Hepatic vein 93 33 2.1
AV O: difference
vol/per cent
Artenal portal vein 65 102 114
Portal vein  Hepatic
vemn 23 23 33
Arterial Hepatic
vein 88 123 149
O utilization ml/min*
Intestinal
309x65=1201 142x102 =145 [99x114=113
Liver
Portal vein
309x23= 711 { 142x 23 = 326 [(99x 35= 346
Hepatic artery
177x88=1553 | 123x125 = 1540 | 70x 149 = 1042
Total 2264 18 66 13.88
Total splanchnic
P 4276 3316 2516

*In thn ble the O; utilizstron

the sverape bl nl fow hence the slight differences from the fgures

3 on page 2%

has been cabculated from the nueraee Oy difference and

plutted m F gare
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becomes anaxic under these conditions It becomes very anoxic m the
first hours of shock the hepatic venons oxygen saturatton falls to 5
per cent from 1ts average control value of 56 per cent.

Horvath You talk about reduction of oxygen content. That has no
meaning as far as anoxia of the tsues 15 concerned. What does the
reducton of axygen content mean?

Selkwrt Shall we quote the heart?

Framk That 1s true that the normal coronary venous blood has a low

content.

Hortath You would say the cardiac fissue 15 anoxic?

Frank 1 would say oot

Hortath The finding does not prove that the tussue 1s anoxic. All 1t
says 1s that the withdrawal of oxygen from the blood 13 greater

Frank Actually I gave only the oxygen saturation of blood leavin
the liver, whether the tissae ended up with as much oxygen s 1t need
1 do not know As the hours passed the hepatic venous oxygen satura
tion went lower to 3 per cent, and transfusion did oot restore the normal
value for saturation, or flow either 1n this expenument.

Rmsely Are there enough dats to calculate the flow and oxygen
concentration going 1n and comung out?

Engel Isnt 1t fair to say that on the basis of the data avadable the
Lever 15 hypoxic?

Skorr e liver 13 converted parhally and sometunes completely, to
an anaerobic or|

Selkart You mean that the tndication 1s that the liver does not

anoxic?

Horvath Yes, 1 raised the question whether the liver does become
anoxic. The very fact that the liver takes more oxygen out of the blood
perfusing 1t does ot indweate that ¢ becomes anoxc.

Selkart The findings would so indicate 1f the flow were reduced—

Horrath Not necessantly It stmply means that 1f the flow 1s reduced
the Liver 1s taking out more oxygen per untt of blood flowing through 1t

Engel 'The Liver tn sty 1n the shocked animal behaves metabolscally
the same as the liver taken out of a normal animal, sliced and 1ncubated
2t a low oxygen tension The data are reasonably good Certamly Dr
Shorr has such data and we showed years ago that the liver 1s
temporanly or even permanently behaving as if 1t has a limuted oxygen

supply hence 1 do not see the reason for belaboring the issue.
4 Horratb  The finding does not mean the lver cell 1s working at a
lfm ?ﬁc‘t‘hm’l pressure 1t may be the very same as the control.
ere 13 2ny evidence to say definitely
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Selkars Oxygen utilization determinations along with flow measure
ment are apropos at this time.

Wedid A V Oy differences across the intestinal and liver beds com
bined with flos to see what happened to Os utilization, It appearcd to
decrease during prolonged hypotension

Table 1 shows the mean data during the control and the hypotension
peniods of nine expertments n which the animat survived the period of
hypotensron  Figure 5 15 a plot of these data The second and thied
curves from the top show the portal vein and hepatic artery flow then
Oz content of arterial portal vein and hepatic vein blood are shown
during control, hypotension, and after transfusion. The lower two
cunves show Oz utilrzation per minute by the liver and intestine  Liver
uttlization dropped from about 25 ml per min to about 13 late 1n
hypotension The intestinal bed Ox utilization, which represented quite
a bit of the total splanchruc Oy utilization, also decreased by about 50
per cent during hypotension On transfusion, the Iner utilization
returned to control but for some reason the ntestinal bed did not

Lerme The reduction 1n O: utihization 15 about the same as the
reduction in the portal blood flow w hich afso seems to be 50 per cent

Selkart  Obviously the O; utilization per minute 1s going to be
dependent on the supply by both the portal vein and the hepatic artery

Rmsely Do these figures include the actery flow?

Selkart  They include the hepatic artery and portal vetn flow  The
ntestinal utilization 1s the artenal-portal vein O: difference tumes the
portal flon  The Iner utdzation 1s the sum of the portal ven hepatic
vein Os difference times the portal flow plus the artery hepatic ven Os
difference times the hepatic artery flow

Bradley Were those dogs splenectomized?

Selksrt No, they had an intact spleen

Bradley Do you mnclude the blood flow from the spleen?

Selkurt ‘The data ncluded the spleen and mtestinal flow into the
portal vein.

Letme A question occurs to me at this point The oxygen consump-
tron falls at most about 50 per cent The portal venous and hepatic
artery flows decrease to about the same extent It would be expected
therefore that the A V difference would remain the same  yet the diffee
ence between the arteral and the hepatic vein O. contents across the
whole splanchnic bed has widened and if the blood flow has decreased
50 per cent and the A V difference has mereased then utilization cannot
be just half of the control utilzation

Selbart You have perhaps confused the portal vein oxygen content
with the portal vemn hepatic vein difference which has nat changed
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apprectably 1n the first period of hypotension In the second period of

hypotension the flows i both artery and vemn have decreased Lo greatly

that despite an increase in the Os uptahe (Os difference) mn both 2

and vein, the Oz utilization by the Liver has decreased still further
Horiath  Our own measurements ndicate that the per cent of
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utilrzation of oxygen by the Iner or hepatic splanchruc bed 15 the rame
during both of those states

Selkurt  The portal flow 15 about 310 mi dunng the control It de-
creases to about 130 m! /min on hemorrhage Then 1t declines to 100
ml /mmn on further bleeding to the 40-mm Hg level  Hepatic artery
flow decreases from 170 to 100 ml /mun  then to 70 ml /mn during
scvere hypotension There 1s madked overshooting of portal flow on
transfusion but hepatic artery flow tends to come ﬁ:d. only to controf
The O- content dunng control 1s 18 115 and 95 vol /per cent,
respectively for artenal portal vein, and hepatic vein blood

DeBakey When you say artenal blood what do you mean?

Selksrt  Systemtc artenal oxygen On bleeding ‘the content drops
slightly 1n the arteral blood Portal ven content decreases to about
6 vol./per cent and hepatic vein to about 4 vol /per cent decreasing
further to about 2 vol /per cent late 1n hypotension

Next we multply the A V differences of the Os contents by the blood
flow to obtain uttlization  The method for obtaining intestinal utilza
tion was previously discussed The lrver utilization can be speaifically
computed by the portal hepatic vein difference multiplied by portal
inflon  This 1s one component supplying oxygen to the liner The
hepatic artery Oz supply was computed from the artertal hepatic vein Oz
difference times the hepatic artery flow

Buarch If you were to guess which of the procedures would be
erroncous, assuming there 1s an error would you consider the measure
ments of blood flow to be n etror?

Selkxrt 1do not see how they could be  These are by a direct method

Fremont Sputh  Which 1s the most vulnerable of your methods of
measurement ?

Selkurt 1 do not think ether one could have much error  Let us 53y
on the outside the combination would be 10 per cent

Dobson It seems to me that everything adds up s 1t should

Selbart 1t 1s confusing perhaps because the ntestinal bed takes out
considerable oxygen which to an extent deprises the lner

Fme Dont you have to tahe account of the oxygen removed by the
Iiver from the portal vein as well as from the hepatic artery?

Selbart Yes Actually as it turns out in these studies the Iner got
mast of its oxygen from the hepatic artery mainly because the portal
oxygen content was quite depleted after passing through the ntestmal
bed

Rappaport What 1 nated 1n this discussion was that the oxygen
consu/r’l/l,[ﬂ/:on of the extrmhepatic tissuc was not discussed  There
are some recent studies by Smith Roth and Grace (10) which show
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that the artenzl portal oxygen saturation gradtent icreases very much
1n hemorrhagic shock, and that 1n the period of severe hypotension the
liver depends almost exclustvely on the artenal blood sud’i%}y If this
factor is mjected into the discussion, some of the culties mn
understanding Dr Selhut s curves mught disappear The portal blood
brings 1 very little oxygen duning the penod of hypotension

Selbart This 1s an mportant pownt I mentioned earlier In these
studies during the hemorrhage the supply by way of the artery 15 about
80 per cent or more of the total. The AV difference must be loohed
upon almost enturely 1n terms of what the hepatic artery flow 1s domng

Rappaport 1 should like to make another pownt. I mention this
because we Lnow that n the normal rat lver there 13 a vicanous
relationship between portal and artenal supply From these studies 1t
15 evident that this relationship this interplay, still persists in hemor
thagic shodk

"Thus 1nterplay 18 also proved by microscopic observations of the hepa
tic arculation sz ¢rro made by workers i England (11) who bled some
rats and observed that the portal venules shut down and almost disap-
peared from the microscopic field while blood continued to flow
through the arterioles Thus we have a microscopic proof that in &
El“o:A of blood loss the liver 15 1n a great part supplied by arterial

Bradley 1 think we have made a start an the first question. What
we have clhiated so far seems to indicate there are indeed differing
activittes 1 the different parts of the splanchnic vasculature. The
hepatic artery and sts dervative arterioles do seem to behave somewhat
differently from the mesentenc pancreatic arterioles but 1t 1s stall very
difficult to find out exactly bow and in what way these change relatrve
to one another at different pomnts during the development of the
hypotensive state.

Kusely 1 should like to make a brief summary of all the known
anatomic pathways

Enrror s NoTe  Most of the following materal was mserted by Dr
Knusely dunng the editing of the conference matenal. b

When we are doing expeniments® 1n normal and o
uologymmyonclpciuofmmaLndlcfmbammc P*lz.;
own mental madd of the amtomy of the terntory 1n which he 1s work
ing OnepurposcofdmeUmnguummxdcscdpuomutomhrge
our working mental models, and to give references to the litersture

our laboratory presented m the Josiah A Jr Coafereces Shack
and Circulstory Homeostans s supported Office Research, c"mm“‘
Nonr rer(01) and USPHS:‘GDM No., Hlss;?éz) o e
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which will make it ible to enlarge and increase the
Yy poss e accuracy of our

Two major classes of vessels may be emphaszed  those which bnng
blood into thct:mtcr? dratned by the portal vein, and those which do
or may arry blood from the portal ven bed 1nto the ven: cara or
other systemrc vessels,

The several vascular beds of each of a series of organs drain into the
portal vein  The veins of the gastrointestinal tract {rom the lower end
of the esophagus or the cardia of the stomach, to the anus  This 1n
cludes the speafic capillary beds of the cardis of the stonuch, the
stomach itself the pyloric antrum, pylorus, dvodenum, jejunum, ileum,
appendix and the Jarge mtestine mcluding the descendmg colen, e
tum, and anus.

The vascular beds of the vanous mesentenes of the gastrontestinal
tract mduding the mesoappendix and the vascular apparstus of the
greater omentum, & large wsually fargotten structure, deains 1ato
the portal vein bed. To thes must be added the spheen and the pancreas

varous segments of the gastromntestinal tract usually consrst of
three separable parts  the 3mooth muxcle both circular and oogitudinal
layers the speaific muucosal lining  and varrous types of gastrointestinal
glands such as for tnstance, the Brumner s glands of the dvodenum in
man. The aapifiary beds of the smooth muscle of the absorptrve inner
surface of the gastrointestinal tract and of the varous glandular sys
tems, are anatoaurcally different in the arrangement of vessels  Very
little 13 known about the vasomotor respanscs of the varrous speaific
scty of these caprllary networks. In 1910 1 arefully delmeated the
prnaples underlping the distribution of capillary networks (12)

In man, there certanly are large changes tn the volume of blood
fowing throagh the total vasculature of the gastromtestinal tract duning
different physiologre states. For instance, following a lazge meal at 2
time when an xnfn:duzl 15 resting hus skeletal muscles, there wall be

Iritle blood flow througl:lthc amascles, but the cardize output Is ngh
ma Large proportion of that cardiac output i3 directed through gastro-
intestinal portal and Iner vessels (13)  The speaific details of which

lar sets of vessels have the fastest fow or whxh arc shut off
under varous conditrons remam to be explamed

Rudolph SI:nn:t (14Ldtscnbtd ATECIHON ENOUS ANASIOMOS 341084
the roots of the villt of the gut  For more details of the blood supply
of of the gastrowntestinal tract, see Mall (13) Noer (16} von
Mblkendorff (17 18) and Braws (19) Noer (16) compares vascular
distributions m a senics of different specics

Obviously a great deaal of speafic investigation on the distributron
of blood vessels and the phywologic reactions of blood vessels to the
smooth muscle of the parts‘of the qut, the vanows glandular tissees
and the absorptive surfaces 13 long overdue

The arterres which enter the Mrrzoi! the 1ntestene may be
drvided 1nto two major categories  (4) ¢t which go all the »ay

across the mescntery and supply varous parts of the gastrotntestinal
tract as described 23 ancF’(l) arterres which enter the mesentery
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md supply specific of the mesentery itself such as the sheets of
cmmdggcyuf:\i, ng:rllulymph nodes and the small discrete clusters
of fat cells which Professor Fritz Wassermann calls  fat organs
20,21,22
¢ Thueﬁ)nc: of capillary beds In mesentery certasnly bave diffec
ent vasomotor vior one from the other For instance, when focus-
1ng & mxcroscope Into the mesentery of rhesus monkeys, one may find
that nearly all the smaller vesscls supplying fat trssue are tightly shut
off and contun no blood while the ap beds of the sheets of
have a rather good blood flow ¢ vascular bed of each
structure of the mesentery and of the omeniam now deserve speafic
anatomic, physiologic, and pharmacologic study

Tbcvttnsofth:?:ncrcu,wh:chucoftwolcpant:chssd drun
into portal vein terdtory The classes are  («) the vemns from the
pancreatic islet tissme and (D) those from the acnar tuysue. Each

c wslet (23 24) has its own blood supply quite discrete, pet
15 1solated as the blood supply of a kidney glomeralus

Am.tomlmlrem)tlgrccdupont:hcdul;{xmoﬂofnnﬂlblood

vmehwﬁhmﬂ:crplcm,mdlmysdf:mnprot;ﬁu&mﬂrmﬂwr
consequently whatever 1 say about the spleen must be
reco, as 2 statement by & protagomst

Dunng normal physiology chuthebloodc:l.h are not apglutinated,
the spleen stores concentrated red blood cells Thus 1t does by means of
preasely controlled sphincter mechanisms located at varrous points on
or a3 2 part of the splemic vascular apparstus. For drawings showing
this splente vascular apparatus, see Cowdry (25) and Bailegy (26)

Tor mstance, & sphuncter at the downstream end of a splensc sinusoid
contracts tightly shut, blood continues to be delivered to the upstream
end of the snasond, the fluid part of the blood passes out through the
unsord wall, and the sinusoid becomes filled with and stores concen
trated red cells  For details of splenic vascular archutecture and P
siology under strictly bealthy and untnjured conditions, see y
(27) Peck and Hoerr (2829) Palm (30) and Nakats (31) For
1 detailed analysis of our current 1gnorance, see Kauely (32)

The exact details of the vascular apparstus of the whole liver end
of the lrver lobule are now the atiention of investigators. See,
for mstance, Healey and Schroy 233) Healey Schroy and Sorensen
(34) and Healey '(35) There 15 more knowledge of the vascular
archutecture ot the Liver Jobule for the frog than for any other speaies
For this sec Kniscly Bloch, snd Warner (36) Maay details of the
gscuhr nrdmcctu;:mofl:b; lwthﬂclgbuk of the thesus monkey are simlar

correspondin, ot rog. For 1 dugram of the fro;
lob;hk.s:e&wiq (23) and mod.gia-;) 5 Loves

¢ distribunon of the hepatic artenies to and <withm the hepatic
l;smc i b“"fs wnvestigated intensively Soskin, Essex, HcmcL,eP:tnd
fann (38) Otmdlhltmdogsiomcumuumuchu%pdcmtuf
the blood entering the fiver ame in by way of the hepatic arteries.

Markowitz and colleagnes (39-45) have found that o the dog 2
pply of highly oxygenated ‘artenal blood by way of the hepatkc

27
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ArenIes 1s necessary o order to prevent the maltiplication anaeroba
bactena 1n the Liver Obviously Lbnma;-bclugll': nnpo«t:g:mshod
mTthl:cdog.mdp:rh:psmot}‘ﬂlpcuu
o madum]:unmofdxhepmcmmtomdwnhmthzlm
rei cuDOtyctknownthlmdcmdyoquocs. The concept that
wmc};:pmc mc?doc:mtmpplydnnnnsmds ofdwchdeuﬂc‘
was put forth by Aumap (46) and based upon the faikure of

nperted matenals to reach the le, cestasnly 15 erroncous. In our
own laboratory termnal hepatic artenoles delivermg boght red bighly
mygmucduhnﬂbloodmth:dnuwid:hmbcmmmdnm

. mx,ffmﬂ%xc,mdsemﬂothcr:p«m.

or detuls of Iiterature on the vascular Iy of the }
Lichtman (47 48 49) all the Josiah Macy Je cﬁ?’m” on]:v:ﬁ
Jury (50-54) and thegubhcmom of Rappaport (33 56)

Mldrnl)sd(lﬂ) Iho?lthebecmm‘isdm detail for the distribatwn of
asteries o upper abdoqunal ofgans. His book provides
much knowledge, incleding varfanons within speces 2nd 2
tremendous, aurefully selected bibliography  Sec also von Bardefeben

When we are doing experiments 1n gross physrology and
clogic physology  exeints i vih blod petare » Seriacd
m large vessels and flow measured 1n other farge vetsels, we often Jose
sight of the fact that there are precise anatome locatons m which
hughly contractile, speaifically controlled sphuncters exsst. Among these
arc the small artertes and termemnal arterioles of each and every o,
named above arteriovenous anastomases such as those across the villus
described by Spanner (14)  sphincter mechsnesms at various points on
the splencc vasculature (27,28 29 and 39) coatexctile meche
2nums (0 the Liver 1 the frog, the terminal tsc artery supplyng

of lobules, the arterroportal anastomoses (which when open pour
arternal blood through the tips of the portal ven mio the C
snsords) and a spl ncter located where cach simsoid sccepts
fmnportdvemﬂp,mdmothuwhmcxbummd]oms:mrﬂ
vein
Three speafic dasses of uxcter are known which can controf the
flow of blood fmdmlm?t:toorthm%dl:pumm;t&m’ag)l;
the fro, mddrc:ms:mnktl octers w 10/
c:nnﬂ%-ﬂnofd:clobufc ( )mmcrxlrptocﬂqulh:(ﬁo)wz.\og
dmctdumdwhrdlmmobthcﬁawofbloodfm:gm;?
unusotdsmtoulugemﬂnlmnotsmxllmblob\dnmno{dw r;;rx
and (¢) commﬁ]enrdunmmo{tbckpﬂxmml?rm&chnd x
latter 10 the dog, can contract tightly shut and directly cause the deat
of the amimal (61)

Lines brefly pathrways » blood can enter
them;:mbccrduln:ﬁt;n mnh'o{ gf l}w?a-m through the
hepatic vewns ato the inferior yena cIvd

The following matem) outhnes what & koown about m:bb;tr’:
mmmmﬂtmlvq‘nbcdmﬂwsyﬂmmnu
clled portacaval anastomoscs.
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Indrhtuﬂure,cmntcnombctwcmﬂ:cpomlmnmddxm
ava are ardinarly called  portecaval anastomoses. of such
bloodpaﬂwtyxuenotdtmcﬂybctmtbcportﬂmnm the vena
cava, but rather jon namable branches of the portal vein wth namable
branches of systemic vewns. A better term, thus, 13 portusystemic
2045t0MO%C.

M le working 1n the pathologic physiology of shock sssume
ﬂntd[v lood enters the portal vein bed pases to the vena
aws through the c vewns. Many measurements of the flow of
blood through bepatic vens are interpreted as though the mveshgator
had been measuring the total outflow from the portal vein bed

Quute 2 number of collatersl connections exist between parts of the
portal veln bed a0d branches of the iferior venz cava in every speties
thus far studied, including man.

Dr Ralph Comer s member of the of Anatomy of the
Medieal College of South Carolina at Chat! bas prepared for us s
List of portasystemic snastomoses 3 follows

spermatic,
vesicle veins. Large connections between major portal tributaries and
the inferior vena cava have been described in man but are geoenlly
connidered anomalons.
Portacaval anastomoses exst where the (a&f:lumnugu:epxtbdmm
jotns with squamous epsthelium (b) cvery place where portions of the

gut bave become retro) developmentelly and (¢) at sites
where foetal circulatron has failed to obliterate. 'I%mc connections were

recognized and well described by 1900 Charpy wnting oa the

vein in Poirter s Traté & Anatomse Hamarne (62) devoted a sectton to
esch area 1n which portecaval anastomoses had been described  The
nchoess of the literature and the extent of the knowledge of the
tratomy of the portacaval connections aan be estmated from the fol

lcrvuw;ng List of sites taken from Charpys paper (62) and therr in
1 Squamo-columnar junchions
a. Esophageal.

b Rectal
2 Foetal Circulation.
Interest 10 val conpections has not decreased  Rec

ent
on this subject have been publushed by Wermuth (63) S er z

Thamm (63) Edwards (66) and Holmes snd Lowitt i?;;r)l 'E'h;:
investigatory did not add a great deal to our knowledge of where con-
nectsons cxst but theyr reports are of interest because each menton size

o?;gme connections or freguency of connechons n the areas they -

ow frequently are there Mecroscopic communications? Spanner
(64) says that tn the area where the branches of the inferior ma:tenc
vein overlies the left spermatic vewn there were &t least four connections
between these veiny in all cidsvers studied  Wermath (63) mrest
\ng connectrons between utenioe vein and bemorrholdal veins desert

29
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four cases out of fourteen in detarl In these four cases communicat
at least 1 mm n dameter ensted. Holmes and Lomtt (67) uaw ;::
ctog]?u l;dcmucardsmggo“rozlmnmd:mcﬁn(hc; t
stu w1 sad connectrons
et mm( ) were not visible until Alled
Species differences are pot only possible but probuble hrakew
(68) wrting on schistosomians in the guinea pig, observes that in a:
mals with a complete dorsal mesentery e.g. wrthout retroperitoneal
duodenum and colon, portacaral anastomoses exist m smaller numbers
but 1n suzes than 1o an anmmal like man where Large portions of
‘d?cﬂlnru ned by portal arculation are fused with the ml body

Some know n species reactions to acute portal obstrxtron are sum
manzed by Spellberg (69) p 342 Tot example, Child ot & (70)
had 19 of 25 rhesus monkeys survive ligation of the portal ven. The
six deaths were ascribed to causes other than the yenous oexlusion.™
. Itrs u:ngtoﬁuddutnlnﬂmrhmumk qn suriine
1gation o portal vern. This points out the passible mm nce of
portasystemic anastomoses 11 beddth as well as duﬁg \1nouspom og
states when they may be widely dilated or may have dnem‘imo
wide channels.

For exch of a number of species we need to know the numbers and
the d s of these as they exist dunng health. We
need to know the numbers and dumeters dunng health as separate from
the numbers and diameters which may exrst as a result of disease At
present, some of the rtms in the hterature cannot be classified safely
aither as & part of the thyxnnmcr:slpancfl}nrurumw
1 pathologic condition  The exact rcal history of the amimal or Y\:
tient from w hom the speamen was taken 1s not adequate to permit thas
important distinctron Often the authors of papers descnbing the
amastomoses hnve not known, for each specimen, shether the findingy
were & part of healthy ammals or were 2 result of a pathologc con
diteon.

Decause in the munds of many there 13 the fixed 1dea that all out
flox from the portal vein bed necesnanily passes through hepatee vems,

who tind collaterals between al vein bed and systemsc
vewns often It these as anomalowns. far we hne found no
study suficiently broad to make it posuble to state with avurance that
such portasystemee anastomoses actually are  anomalows ™

Whether portasystemuc are under ¥ control 15
not generally known  If there are specthc imvestigations desenbing the
anatomy m({phprology of vasomotor control of such amastomosct, we
have not thus fac been 2ble to find them

Simularly the posuble hormonal chemucal control of portaspstemre
anastomoses 11 not generally known for any specres

When sttempting to leam the dntnbutron of poraspremic veascly,
one mutt heep tn mind the Aifferences betwern (4) the dewnptrony of
structures which ate 1n bools and whxch must reproent some st of
average condibons (&) a dexcnption of 3 nngle spevemen cvery part of




Hepattc Blood Flow n Experumental Skock 31

descril and (c) the embryologic or gnatomic

ﬁio‘t:sp:h?;}ymc cnn-b::pﬂi m(ﬁLd RBuhﬂ;yoWh‘:ﬂ camining &
senes of specimens all of the same genen] kind Possihle spectes differ
ences obviously must be kept In mind.

When stu through the tbove matedal, Dr Comer and I ceme
to the conclusion that nothieg las]ﬁnnamdngihoc;-ordl?tcdm:km

amtomy ol harmacology an ogy of portasystenmc
Kﬂmazm a&uofrpcguangﬂcmgcrzlohawlcdge
30 serfously needed

In any cise, 0o oae can safely assume today that the total outflow
from the portal vern bed 13 by way of the hepatic vens alone

Bradley 'The anatomic complexities noted by Dr Knusely make for
hemodynamic complexity  Fiest, there 15 2 gronp of arteriolar resistances
in parallel between the gorta and the portal vetn  Another parallel set
of resistances lies between the hepatic arterioles and the simusords  Con
necting the two termunuses of these arcuts the portal ven and sipu
sords 13 another resistance 1n the portal venules The sinusouds are,
turn connected with the infenor vena cava through the postsinusordal
resistance 1n the radicles of the hepatic veins and the portal vein may
be linked directly with the inferior vena cava by collaterals which also
1mpose a resistance to Sow  In sts totabity, this vascalar net resembles
that of the Wheatstone bridge. Formulation of the relahonships between
flows and rewistances 1s extremely complex, requining several simultane
ous equations

Frank Inlooking over our data on hepatic venous samples 1t seemed
that while the hematocnts of the portal blood and femoral blood were

wte the same, the hematocrit of hepatic venous blood drawn
simultaneously was fauly consistently 1 or 114 pownts higher Is this
something known to the ancient physiologists® Is 1t true? Is 1t agreed
upon by those 1n this room?

Bradley 1n our experience the hematocnt of hepatic venous blood
does not differ significantly from that of artemal blood obtamned
simultaneously

Frank Our large vessel hematocrits have been the same except m
this one area. This amounts to fifteen or twenty observations It did
seem as 1f the Liver were taking plasma out of the blood 1n the form of
lymph and concentrating red cells The action of the liver in transfer
rmglsnl;]r;c soéunhoun from arculating plasma to lver lymph and the
acceleration of this action b inephrine was
and Roca 1n 1921 (71) Vepinep pounted out by Lamson

Shorr Earlier i the discussion Dr Bradley asked some particularly
relevant questions about Iner blood flow and amongst them, why
there 15 a spontantous recovery of splanchnic blood flow under certain
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arcumstances of bleeding and why this spontancous recovery doesnt
take place under other conditions

Dr Kmscly as a functronal anatomust, provided us with a way of
thinking which 15 going to be necessary 1 which all the discrete
components channels, and processes involved m the splanchnic arcula
tion were ated and the complications emphasized which mught be
ntroduced discretely in each

Then Dr Selkurt provided evidence which seemed as if it were
going to solve the problem, and this called forth a number of
responses which challenged the data This was followed by a sug
gestion of Dr Horvath s that there was no evidence at all that the
lner was hypoxic in shock,

Thus brought to my mund the necessity for studying another vanable
1f 2 Iner becomes hypoxic it 1s gomng to shift over to an hypoxic and
anacrobic type of metabolism.  Another parameter must be added
therefore to the ones that have already been ated namely the
metabolic pattern of the Iner We must use the evidences for the
shuft to an anaerobic type of metabolism as an indication that the liver
blood flow 1s beginning to be reduced to such an extent that it now
jeopardizes the facultative acrobic type of metabolism under which the
fiver exusts
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THE BACTERIJAL FACTOR
IN EXPERIMENTAL SHOCK

JACOB FINE
De ent of Swrgery
Hmt}mﬂfrdxrd Setool
Boston, Mass

Dr PILLEMER IS NOW INVOLVED 1n our work, and later 1n the discusston
he wall present a peneral review of the Fmperdm problem We can
then examune our dats on the bacteniaidal mechantsms m shock 1 the
Irght of his observations.

The curve shown in Figure 6 describes the standard experiment we
esnploy for the study of hemorrhagie shock The ammal 15 not med
1cated except for morphine grven several hours n advance of bleeding
The femoral artery bleeds into an elevated reservorr until the blood m
sure reaches 30 mm. Hg and remains there. Eventually blood runs
from the reservorr to the artery

If after 2 hours, we shut off the femoral artery and return all the
blood still 1n the reservorr to the fermoral vein, the pressor response 18
prompt and adequate and the recovery rate 1s sbout 90 per ceat. By
recovery rate I mean sustained survival and not merely for 24 or 48
hours If instead, we do not transfuse until about half of the total shed
volume has returned to the apimal, the pressor response s transient and
death occurs soon thereafter 1n an average of 6 houss after the bleeding
was started

The problem 15 to decide why the anmal exposed for much longer
than 2 hours eventually becomes refractory to the transfusion. The
data presented here will demonstrate that icreversibility to transfusion
results from collapse of the bactericidal mechanisms and the subsequent
liberation of bactenal toxins which paralyze the penpheral circulation

The first evidence 1n support of this view was the observation that
antibtotics, given orally tn advance of producing shock, enabled the dog
to tolerate the shock state for much longer and to recover of a trans-
fuston was given, Three different antibiotics produce such a result.

Sborr  Would you read the figares?
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Dr. PILLEMER 18 NOW INVOLVED tn our work, and later in the discussion
he will present a general review of the properdin problem We can
then examine our dats on the bactenaidal mechanisms in shock 1 the
Light of hts observations

The curve shown 1n Figure 6 describes the standard experrment we
employ for the study of hemorrhagic shock. The animal 1s not med
icated except for morphine given several hours n advance of bleeding
The femoral artery bleeds snto an elevated reservorr until the blood i;:—(
sure reaches 30 mm. Hg and remains there  Eventuslly blood runs
from the reservorr to the

If after 2 hours, we shut off the femaral actery and retuen all the
blood still 1n the reservoir to the femorzl vein, the pressor response 1s
prompt and adequate, and the recovery rate 1s about 90 per cent. By
recovery rate I mean sustained survival and not merely for 24 or 48
hours If mstead, we do not transfuse until about half of the total shed
volume has returned to the animal, the pressor response 1s transient and
death occurs soon thereafter m an average of 6 hours after the bleeding
was started

The problem 15 to decide why the animal exposed for much longer
than 2 hours eventually becomes refractory to the transfusion. The
datz presented here will demonstrate that wreversibility to transfusion
results from collapse of the bacterscrdal mechanismns and the subsequent
liberation of bacterial toxins which paralyze the penipheral crculation

The first evidence sup(s)ort of this view was the observation that
antibrotics, given orally in advance of produang shock, enabled the dog
to tolerate the shock state for much Fonger and to recover of a trans-
fusion was gnen  Three different antibiotics produce such a result.

Shorr Would you read the figures?
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Da PILLEMER IS NOW INVOLVED 1n our work, and later n the discussion
he will present & general review of the properdin problem. We can
then examine our data on the bactericdidal mechanisms 1n shock 1o the
light of his observattons

The curve shown 1 Figure 6 describes the standard experiment we
employ for the study of hemorrhagic shock The animal 15 not med
rcated except for morphine given several hours 1n advance of bleeding
The fernoral artery bleeds into an elevated reservour until the blood pres-
sure reaches 30 mm. Hg and remans there  Eventually blood runs back
from the reservorr to the artery

If after 2 bours, we shut off the femoral artery and return all the
blood still in the reservoir to the femoral vein, the pressor response 1s
prompt and adequate, and the recovery rate 1s zbout %0 fer cent By
recovery rate I mean sustained survival and not merely for 24 or 48
hours If mstead we do not transfuse until about half of the total shed
volume has returned to the arymal the pressor response 1 transient and
death occurs soon thereafter 1n an average of 6 hours after the bleeding
was stacted

The problem 15 to deade why the animal exposed for much longer
than 2 hours eventually becomes refractory to the transfusion The
data presented here will demonstrate that sreversibility to transfusion
results from collapse of the bacterradal mechanisms and the subsequent
liberation of bactenal toxins which paralyze the penipheral circulation

The first evidence 1n support of this view was the observation that
antibrotics, grven orally in advance of producing shock, enabled the dog
to tolerate the shodk state for much longer and to recover if a trans
fusion was gnen Three different antibrotics prodace such a result

Sborr Would you read the figures?
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FiGurt 6. Standard experiment empl 10 the study of hemorrhagic shock.
'lj-lwz hcmon0d fh.:f; T= m:;;ﬁnmmcifby blood remawning 1o the reservorr after

peniod o ng t permussion, from Frank, H A, Fine |,
Friedman, E, Gloutr“%., Jacob S., and Schwartz, A Adremdl Cortrcal Therapy
and Hepatic Vascular Resistance  Two Aspecis of an Ingury snio the Patbologic
Pb)mlaél; of Experrmental Hemorrbagic Shock Surgrcal Forum, American Col
lege of Surgeons, Philadelphia, W B Saunders Co., 1951 (p 322)

Fie Of 185 amimals recening no drug in advance 14 cent
sutvived whereas about 80 per cent sunived 1f given antibiotics 1n
advance

Table II grves the onginal data However an important reservation
must be made regarding these data 1¢  that they cannot be obtamned
today 1n our laboratory without observing special conditions that did
not prevatl when these expeniments were first done One of the most
ngmﬁc:nz!omts I should like to make later in the discussion relates
to this and 1t involves Dr Pillemers discovery We wall retumn to 1t
after lus presentation

Nickerson  Could you break these data down into 36-hour and
permanent sunnals as you did 4 years ago?

Ime Yes Of these something like 10 per cent sunaved only 36
hours. Thosc that survrved 48 houts did so indefimtely

Shorr W hat causes death in those that sunive 36 hours?

Tme They just peterout how ever sunisal for only 36 hours imolves
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a very sigoificant 1ssue T wall come back to both of these subjects later

Obvipusly we are attemptung to find bacteria 1n the anumal to support
our thesis The dog has Clostridia i all tissues except the central
nervous system. From 191 cultures of blood talen during all stages of
shock we did pot 1solate any bactena except an occastonal Clossndmm
or Preadomonas (Table IIT}

But cultures of blood, lver spleen etc., taken smmediately after
killing the animal or immediately after death yielded (Table m
additson to Clostridta 2 25 per cent incidence of other intestinal fom,
Psexdomonas, Eschertchea colt, Enterococer, and B protens What does
this mean? 1 will only saggest that these bactena did not get 1n after
death, but were there before death and that the bactericrdal mechantsms
are of sufficent potency until the time of death to prevent the disclosure
of their presence by the conventional cultural techniques

Rmisely Dr Pine, from which tissues did you get cultures?

Pme These are cultures of liver spleen, and pentoncum and of
portal and vens cava blood I should point out the number of
posttsve cultures 1s agher 1n the postal than m the vena cava blood

Shorr What was the population count? Were these just positrve
cultures or did you make a count?

Prne These are positrve cultures of varying richness We did not do
counts Obwiously, the state of shock results 1 tissue damage and
presurnably the amount of damage suffered after S bours of shodh 15
greater than the amount suffered after 2 hours of shodh. Some 1des of
the extent of tissue damage even after a 2 hour exposure can be ganed
from Figure 7 which shows what hap, when an ammal 1s depleted
of armﬁmg hrombra and how fast the blood regains its normal
titer It s evident that 1n 2 pormal ammal the Bier begins 1o nse within
60 hours and reaches a normal value 1n about 50 hours

But when an animal so depleted 13 exposed to shod. for only one
hour 1t will take an additional 100 hours approsimately to restore the
titer to normal. Thus 1s one way of measuring the degree of damage to
tissue enzymes by the shod. state

Green What are your co-ordinates?

Frne  The absassa 1s ime 1n hours and the co-ordmate 15 titer of
prothrombin tn the blood. Presumably this 13 not mst a special case, but
1s a representative example of injury to tissue enzymes

Fremont Smith This 1s 2 case of lver enzymes, 1ot it?

Fine Thus 1s a case of enzymes i lver but I will rrsk making the

gfcru';cc that 1t 15 representative of damage to tssue enzymes
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TABLE I11

Ineidence of Aerobic and Anacrobie Bacteria in 191 Cultires
of Blood and Lymph During Hemorrhage Shock

Dunng Shock
Source of Specimen Before| Beface tramfusion After tramfuson
Shock (tr) (he)
1to2 |24 [4t0é |68 1) 1to 2tod
Group 1 10 dogs
Portal vein 1} [+} 1 0 4 1 o 0
Vena ava 0 4] 0 [{] 4] 0 0
Aortx L] 0 0 [ 0 1+ [ o
Group 2 3 dogs
Portal ven 0 0 [ 0 0 ] ]
Venma aava [} 0 o [+ [ o o
Aorta 0 0 0 [ 0 ] 0
Group 3 2 dogs
Portal rein 0 2
Aorta 0 0
Group 4 3 dogs
Portal vem 0 1 0
Aorta [} 4
Group 3 3 dogs
Thoracre duct Lo 4] 0 0 0 0 ]
Piexdom wr  the other four pouti ¢ cultores shosed < streder Dipbrberonds ssbe
tilis svcr 3¢ or aoohemolytc Suupbyles cexs #bs were foond in teelve cultures

Group 1 Plood samples drasn s muluncowsly frum the three  cwds at frequent in.
tervab,
Group 2 Blood (1 to 2 ml ) bken every mun th hout the exp and simul
ously replaced by equal volume of stenke blood
Groops 3 and 4 Sumples Liken from entire Bleeding vieme dtamed by cosangutaton

w |~<rru| u—m and ot atheters

Lymrph before shnck poubed and cultured Tt re Bum bef e tramdu wn
|~cok-\.| -n-l n:lturtd Tatre Bow after tramfusen pooled and cultured
Repninted by witon, from Jacob S Warl H Gordon, L homun |1
Schweinburg, rﬁnnnl. H and I'nc | Baterual actron 1n devclopment of
wrer ersibility to transfusion in hemorthapae shock n the dog Am [ Phyuol

179 373 (1934)
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TABLE IV

£ Blood Peritonsum, and Liver Taken Immediately
Guloaeen OAftcr Death 1n Normal and Shocked Dogs

Positive Caltures (Per cent of Group)

voo| Bl G| e | L
Eﬁ%ﬁéﬁ’éﬁ

No shock (killed) 20 11w | 25|10 ) 0] 0} 16 5 |100
Shock {no antibotic
therspy)

Survivorst 18 | 11 | 22 0|17 [ 22| 17 | 39 | 89
Nonsurvivors 43 {23 | 30|14 |33 (14137 |60 |93
Shock (antibsotic
therapy)
Survivorst 123 4|16 |11 (352278

7 | 24
Nomsurvivors | 111 zﬂu 15|35 [ 21 | 39 | 37 | 94

*In 333 ?ﬂlll.lvt scrobic cultures (200 single 133 mixed) aerobic arganfims were found
i the followi Praxd, 41 per cxnt B pretess 22 per cent

E. coli l9p:rcim; Exmterococs 18 per cent.
+Survivoes killed In good bealth 48 to 72 hr after shock experiment. Seventy-five coo-
t:rmmna (dipbibereid sabiilis nonhemolytic Stapbylococens albas) were found in
1100 cuhtares.

chnntcd,bygcrmmm,fmm]u:ub S, Weuzel, H, Gorden, E. Korman, H,,
Schweinburg, F, Frank, H. #nd Fine, ] Bactenal sction 1n development of
irreversibility to transfusion in hemorrhagic shock 1o the dog. Am | Phyurol
179 323 (1934}

y Fremont Smuth  Is there any evidence of enzyme damage outstde the
ver?

Fie Yes there 1s evidence of enzyme injury elsewhere I shall
discuss that later

Haist Dr Fine, how were the prothrombin estimations done? Were
they Quick prothrombin times?

Ffre These prothrombins were done under the meticulous super



42 Shock and Cirewlatory Homeostasis
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Ticure 7 Delaping effect of a beief peniod of seversible hemotrhag shock
upon retum of plasma prothrombnn m:vn;sfolknmg prelmminary reduction by
dicumirol In exch expeniment (PS 23 snd PS 27) both exrres represent determs
natrons 1n the same dog, after two scparate admimistrations of the same dose of
dicumarol (3 mg /kg. intrmusculiely)  In PS 23 the control cune of dechine
and recovery of prothrombun actvity (O) was obtamed a week before thu (@)
in which the reconery ‘uumcrmp(cdbL-rmodo{M(&) InPS.7
the control cutve (Q) was obtained after the ammal had recorered from the
shock test (@)  Each prothrombin actiuty value (dot or arcle) w»as obtamed
E_E“::ul dilutrons in parallel unng pormal or shack prothromban free plasma
w13 no reductron of prothrombin conversion factor actnity after dcumarol

and only shight reduction aftet the pereod of hemorthagic hypotetision Reprinted
?,x—rrmmon, from P'ank, E D Frank, H A and Fine J  Traumatic duxch
VIl Plasma prothrominn actinsty in Ikmorthagw shock o the dog Am | PHy

1w ! 167 199 (1991}
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visson of Dr Benjamin Alexander* our hematologist 1 believe we
used the two prevaihing rnethods

Another example of & tissuc enzyme that fals 15 ATP This was
observed by Potter and his colleagues (12) dunng the early forties
ATP drops abruptly during shock  After 3 hours of shock there 15 2
drop from 32 to about 8 umts But after transfusion at this bme
mag of may not retum to normal. Those dogs that recover show a
neatly notmal titer within 6 hours ‘Those that do not respond to traas-
fusion show a very much lower level (Figure 8)

I shall refer to njury of enzymes 1n other aress later on. At the
moment, 1 should like to consider the damage to tisues mvolved n
the destruction of bacteria, The normal dog will destroy bacteria gtven
intravenously We tried three different spectes with sarvival an prac
tscally every tnstance. Table V shows that not over ten bactena per
ml. of blood are present 6 hours after myechion At 24 hours there are
1n moat cases none 1 the blood and noae in the tissues  On the other
hand, an animal cjx)scd to only 2 bours of shock and challenged like
wise 1¢ 10 & very bad way  All blood cultures are posittve after 24 hours
and reman positive unn! death, which occurs 1o every case within
1to 4 days (Table VI) Table VII shows that the 2-bour shock anumal
as a rule clears the bload during the fiest 6 hours about as well as the
normal ammal

But tn the animal that 1s allowed to go on and become 1ereversible
to transfuston there is much more serious damage because 1a the blood
of many such arumals there 1s rapid multiphication of bacternta 6 hours
a.t'tlcr the bactersa are injected Some of the bloods show ten bacteria
or fess per ml  some have perceptibly more but 40 per cent have ve
large n?;bcts per mithilster ! i 7

Zuwerfach Did rcu aarry out white cell counts on dogs subjected to
bypotension and blood replacement?

Fme We have done white cell counts occasionally The granulocyte
count and the total count fell the former much more than the latter
Transfuston 2fter 2 fhours 15 followed by the return of both counts to
nommal Transfusion after 4 to 5 hours does not change the counts We
took the view that we could not incruminate the Clostridza for the rea
san that neomyan, which 15 as good as any other antibiotic, does not
act upon Clostridta We, therefore, assumed that some other spectes 15
probably involved But we could not 1solate any so we tried to demon
Steate 2 bactenal factor in the tissues as follows  Normal dogs and dogs

* Associste Professor of Medicit
D.Cand Visting Prysgons Bt sy Homperiy Collere of Medicine fn Washigton,
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T =T T T T T T T
o 3 . ’ 12 13 " . 24
TIME {HOURS)

Ficure 8 High-energy phosphate compounds 1n liver tissue of do,
Dashed bars P: nf:lgcs of values &
Dots = means
{ ) = number of animals @ group
Solid hine coanects means of sunivors
Isolated dot and baes {after 6 bours) are values for nonsurvriors
Hem. = hemortiage to artenal pressure 30 mm. Hg
Tx = replacement transfusion, 3 hours Liter

dying of hemorchagic shock in spite of transfusion were hilled and
the Incrs removed immediately with stenle precautions They were
promptly put 0 a deep freeze  Later we prepared 2 mash from 200
gm of each liver using stenle precautions 130 ml of a suspension of
each mash were njected nto the pentoneal cavity of 2 normal dog or
of a dog that had been exposed to shock for 2 hours  In the latter the
suspension was injected 1 hour before transfusion Scventy per cent of
normal reapients survived this treatment whether the mash came {rom
a normal or from 3 shocked dog s hver

Of the 2 hour shock dogs which recened normal ner mash 90 per
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TABLE V

Blood Ulegrance and Eventual Disponion of Bacteria
Inmjected Into Normal Dogs

g

10 Sarvived
Stenile* | Survived
9 | Stenile* | Survived
Stenle* | Snrvived
Stenle* | Survived
6 | Sterile* | Survived
33 | Sterile* | Survived
4 | Sterile* | Survived
Stensie* | Suevived

10 2 Survived Killed 3rd day Blood,
lrver and spleen stenle

W @ N W A W N e

».
53

4 | Sterile | Survived
4 | Stenle | Survived
13 | Sterile | Survived
51} 20 Sarvived. Killed 24 hr  Culture of

blood, Liver and spleen

Stetile | Survived Killed 96 hr Blood stenle
it 24 48 and 96 hr Liver and
spleen sterile

*Stente at 6 hours signafies 0o growth o plate cultures. But beoth cult
ity les fhan 10 baaena/ml of blood Cultures taken lu}r:a;?: ter
sterile were getile in booth as well as oa plates
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TABLF V (Comd)

No. of Bact./ml.
Blood
Ne of Bxter
Exper Injected At Resalts

Na (billon) a
omg At 6 hr
{(mal
Lion)

16 24 12 | Stenle | Survived. Kalled Sth day  Blood,
Irver and spleen sterile

Clostredist

17 ? ? Few** |Surrrved. halled 48 hr Blood cul
tare 24 hr — Blood culture 48
he 4

18 ? ? | Stenle | Surrrved. Ralled 48 hr Blood cul
ture 24 hr 4 Blood culture 48
hr —

19 ? ? Stenle | Survived  Killed 96 hr Blood cul
ture .4 hr 4 Blood culture 48
he — Blood culture 77 hr —
Blood culture 94 hr —

20 ? ? | S&enle | Surmved. Rilled 72 he Blood cul
ture 24 hr — Blood cultore 48
hr — Blood culture 72 he —

21 ? ? | Serile | Surveved  Kalled 96 hr Blood eul
ture 24 he — Blood cuhare 48
he — Blood culture 7. hr —

¢ Blood cufture 96 he —

M Lin Lopan, P of

tetu per wd imimerhon

tHavy 2t-hoar growth m theoglyenilite 2 trupeni vran (obtamed from Dy
Bechemutry at the Laneraty of Gincneuts Maliaal Shonot

Ginanmn, Ohun) whxch » [ not grow on the uinal med caeept bh ot apsr County

canoct be made berawse the deep enforues M 3 bt aear plate canmgt b seen The

cloudiners of the thioglyodlite culture w1 sdi wed 1 sppramitethat of an £ ¢ /1

andind so that were billons of € rudos Nere in

Ga productine o thioglycollate was ey of ght and d rect wncar shvaed & few bac
[

Reprinted, by permuston from <<h-nnbur5. FB Funi.H A and Finc J
Ructena) factor in expermmental .
of 1 bacterial factor whn

Yous of the normal aar

t

Iod

Lvedence for desclopment
transfuson snd for the
ol 179 332 (1934)
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TABLE VI

Blood Clearance and Eventual Dispomtion of Bactersa Injected
Into Dogs in Hemorrhagie Shock 1 Hour After Shocdk Was
Induced, Transfused After 2 Hoars m Shock

No. of
Pacheria/ml. Coiten] Duta
of Blood
N of Bacrecs [ b
R he | A
A
(13
S BEIEIE
Sisphylacocens
a-—rryy
1 13 10 200 | Mbrg |+ |+ ] 24
2 13 10 20 | 24be + I 24
3 rH % 3 1sxx:t + L
4 Pt 2 | 24k
wnl
nht |+ [+ |7
3 3 24 40 24 b
done |
T2he 4
st | 4+ |+ | oe
6 33 17 4 24br
7 ) 30 20 nh:t T i 5
24
E. Colt + +
' 19 ] -] 24:4.
48 + prill
3 19 L] Sterile Iihri +
@by | £ | 4+ | 4
10 u [ + I | adee
u 12 a » + i + | s
2 17 8 2 24 br 4
“ahet | + | 4+ | 4
13 17 ' 8 | 24hel
ke
st Fl+ )+ ]
“ ? ? 6
1 ? ? i “:4—
48 Anee
16 ? ? + uhi T
” ? ) potoli ol el N o Rt
+ kL
I : S I ol o B
1 sakrg | | ) 4
Cadierer of Glesa sod breer tikrn
¥ Goem S }rm-;t,#&uw.m"_m
Kilied whem whpricrnaly wery (1

Repnnted by permuston, from Schwernburg, F B, Frank, H A,
-, and Fi
;Brttt;ﬂa fador 1n expenmental ha'nonhzg?c’ shoch. Evidence for dev nd)
lm: ; h?zl Factor which accounts for sreversibility to transfusion and for the
of the normal capacity to destroy bacterin. Awr | Pbysiol 179 532 (1954)
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TABLE V (Contd )

No. of Bact./ml.
Blood
No. of Bactena At
E;}’“ Injected Resalts
L]

Htioa) At 6 hr
(mi
lion)

16 24 12 | Sterile |Survived. Killed Sth day Blood,
liver 2nd spleen sterile

Clostrid st

17 ? ? Few** |[Survived Killed 48 hr Blood cul
ture 24 hr — Blood cultare 48
hr

18 ? ? | Sterile | Survived. Killed 48 hr  Blood cul
ture 24 hr 4+ Blood culture 48
hr —

19 ? ? | Stenle | Survrred. Killed 96 hr Blood cul
ture 24 hr 4. Blood culture 48
hr — Blood culture 72 hr —
Blood culture 94 hr —

20 ? ? Sterile | Survived, Killed 72 hr Blood cul
ture 24 hr — Blood culture 48
hr — Blood culture 72 hr —

21 ? ? | Sterile [ Survived. Killed $6 hr Blood cul
tare 24 hr — Blood cultare 48
ht — Blood cultare 72 hr —
Blood culture 96 he —

tH 24-bour_growth in duoglycolate of o tomgena srain (obuained from Dr
N:l‘:gh\pu, Prof of Brochemstry st the Unneruty of Cincinmatd Medunl Schood
Cincrmats Ohwo) which will not grow on the owaal media except blood agar  Counts
annot be made use the deep colonies m a blood apar plate cannot be seen The
cloudiness of the thuogtyeollite culture was adyusted to mate that of an L ¢ &1
stapdard so that some billions of Clessradie were in)

*¢Guas production in thiogiycollate w21 very sl ght and direct smear showed o few b

1.

Repnnted by permussion, from Schwemburg, F B, Frank, H A, and Fine |
Bacterial f:tyor in experimental lunordugﬁ' shack, Evidence for development
of 1 hactenal factor which accounts for irrevensibality to transfusion and for the
loss of the normal capactty to destroy bactenia, Am | Physiol 179 332 (1934)



Bactersal Factor tn Experimental Shock 47

TABLE VI

Blood Clesrance and Eventual Dusposition of Bacteria Imjected
Into Dogs 1n Hemorrhagic Shock 1 Hour After Shock Was
Induced, Transfused After 2 Hours in Shock

N, of
Paruria/ml. Cattural Dats
of Bloed
e | Mo o Bacsi | i
g !
{ b :i
= i R
Staphyloceccas
-—ren
1 13 10 200 | 24 e + |+ |
2 It) 10 20 | Mhr 2
3 43 % 6 | 18hs i i 18
4 43 % 4 | 24be
A8 br
72he + |+ |7
3 LB 24 40 | 24he o+
A8 he
et
+ 96
s 3 17 4 | bt *
, ” " nbrd | 4|+ 7
20 2
B culs + + | +
. 19 [ 20 | 24beo
ashr 4 | 4 ety
9 19 8 | Serik | 24br — *
Adbet | + _-t 48
10 12 ] 3000 24
u ) 2 50 I i + |
2 17 s 2 | Mg
4 hr a
13 17 . [} Mhr-}+- F
A8 e 48
Closmdsa Lt
“ ? ? + P
3 ? ? 4| bt
48br 4 ey
16 ? ? + i:h+ ++
e | + Asee
” ? ? 24 br
1t H ; i “.-_'t + i 2
et |+ | + |4
Culrwres of - by cikra
SpATT i T
Kificd when abroindy very i1

Reprinted, by permussion, from Schweinburg, F B, Frink, H A, and
o Fi
B?dttu! factor 1n experimentat hcmorrh:glsc' shod.. Evidence for d o
l?on. hf:ctcm] factor which accounts for srreversibility to transfusion and for the
of the normal capacity to destroy bacteris. Awm ? Physol 179 532 (1954)
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TABLE VI

Blood Clearance and Exentual Disposition of Bacteria Injected
Intravenously Into Dogs 1Hour After Inducing Hemorrhage

Shock Made Irreversible to Transfusion

No. of Bact./ml. of Blood
Exper N°,§ftgfd‘=ﬁ' " Sarvival
(Ritoa) ot ‘ A6 g
(million)
E. Col: [
1 1 s 100 24
2 10 3 | 3 000 000 85
3 18 17! 30 000 8
4 16 6 100 10
5 10 7 Sterile 6
6 10 6 Stenle 7
7 30 28 ‘ 800 000 000 6
8 9 3 56,000 000 8
9 17 6 ‘\} 64 000 000 9
10 18 1 32,000000 | 6
Stapbylococens J
ANTENS ‘
11 9 4 Stenle [ 6
12 7 3 180 6
13 13 7 20 ]
1 13 8 30,000 [
3 42 27 600 10
16 42 29 8 24
17 44 25 5 6
18 44 23 Stenle 6
Clostridra
19 ? ? =+ 4
Repninted, by permission from Schweinburg, F B., Frank H A and Fine, |

Bacternal factor 10 exper:

smental hemocchagie thock. Evidence for deve

of 2 bacteral factor which accounts for irreverubality to transfusion and for the

Joss of the normal capacity to destroy bacteria Am

Pbyuol 179 32 (1951
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cent survived but every 2 hour shock dog which recetved mash of the
lver from a shocked dog died (Table VIIT)

TABLE VIII

Intraperiioneal Injection of Dog Tissue Mash Inte Normal
Dogs and Into Dogs 1 Hemorrhagic Shock
Transfused After 2 Hours

$0-ml 100-m! 130-ml
Dose Dose Dose
Ex

P oarce of | Test Anical z«g r’g 20
o No 'a No E No :E E

S
sk | 2 3X
1 |Liver—normal | Normal 6 0 6 33 6 33
2 |Lver—shodh | Normal 7 0 7 25 8 25
3 |Lver—pormal | Shock 10 10
4 |Liver—shock | Shodk 10 100
5 |Lrrer—shock | Shock 10 30

peniallin
6 |Liver—shock | Shodk 10 50
(B p)cm

7 |Muscle—nor | Shock 2
mal ’ ¢
8 |Muscle—shock | Shodd b] 100
9 |Lrer—ahodk | Shodk (B | J 5 100

antitoxin)

Reprinted, by pernussion, from Schwetnburg, F B Frank, H A, 10d Fi
Bactenal factor 1n experumental hmotdug?c. shock. Eviderxe for devel it
of a bacteral factor which accounts for ireversibality to transfusion and for the

loss of the normal capacity to destroy bacteria. Am [ Physiol 179 332 (1954)

Therefore there 15 something in shock Liver mash whach 1s not present
mn notmal liver mash  Clostridsa are present in both There must be
something 1n addition 1n shock liver mash that hills  That this 1s a
bactenal factor 13 demonstrated by the next sertes of expertments In
these the 2-hour shock dog received peniaillin before 1t was put mto
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shock. It recerved the mash of liver from a shock

transfusion  Seventy per cent of these dogs sumﬁ&%mh‘}f&c
ts 2 bactenal factor in the shock lrver mash and this factor develops 1n
mmce of the fact that the animal from which 1t was taken has

Thus bacterral factor a toxia, 1s present not only 1n the liver but also
in muscle, because pormal muscle was well mlyerartd by the 2 bour
shod. dog but a mash of muscle from a shoched dog was lethal
Experiments now n progress show that penvallin also protects the
recipient of shoch muscle mash. A test to see if the Clostridie are
mvolved was made by additional experiments i which polyvalent
Clostndial antrtoxin was grven. It did no good The action of neomyem
15 still the most reluble evidence agruast a Ley role for the Clostrdia

Dobson Dr Fine 1t disturbs me that the shocked antmals seem
to survive better than the normal anumals when they have gotten
normal fiver mash. You get $0 per cent survival 1n shocked ammals
with normal liver mash and 70 per cent 10 normal anumals with normal
liver mash

Frne 1do not wish to try to explatn that difference. I believe thatina
brologtcal assay we can assume that such differences are not substanhal
In any case, the antibacterial potential of different anmmals withwn the
same species varies  That 15 something about which Dr Pullemer will
have s good deal to say later

Fremont Smuth  Apprommately how many anumals were there m
these experiments?

Fime There were ten single expenments for each observation

Green  When were these injections given with respect to the bleeding
curve?

Fine They were given duning the hypotensive perod The dog
was tmmﬁxsZI aﬁcrgzl hours ofgshod. ’I‘f",i smportant to remember
that this 18 a reversible degree of shock from which such dogs 1f left
alone, will recover  But the Liver mash was taken from an ammal which
was dying of prolonged shock and which had failed to respond to

transfusion,
Green When was he grven thus injection’
Fme After he had been i shock for about 1 hour
Green Youmean 1 hour after he was bled down to the hypotensive

level?

Fine Yes
Hazst  When this substance 15 mjected docs 1t have any effect on

blood pressure?
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Fime The blood pressure 1s kept at 30 mm. Hg uotd the end of 2
bours and then the amimal 15 transfused

Harst When you put 1n this liver mash, does 1t affect the amount
of blood that must be removed m order to heep the blood pressure at
30 mm. Hg?

Fme No, we noticed no signuficant change 1n the amount of blood
in the reservorr

Zwerfach Your data mndicate that a third of your animals died with
normal Liver mash

Fine About 30 per cent of normsl animals die whether given normal
or shock Liver mash  We find some bactena in the peritoneal cavity of
these amimals  Of course there 1s a certain amount of toxin, pechaps
bacterial toxin, even in normal liver, but the bacteria we 1solate may
come from the reapient dog s gut by transmural mugratron 1o response
to the 1rrtant properties of the liver mash

Shorr  Have you ultrafiltered this liver mash?

Eme No

Shorr Do you hnow whether heating 1t would destroy its activity?
In other words, have yon differentrated between Live bacteria  products
of tissue breakdown, and toxins?

Fine No we have not, but there 15 evidence that there 18 no signuifi
cant amount of preformed bacterial toxin, because 1of 1t were preformed
the pentallin would not protect *

Sborr 1 would not feel just philosophucally that one can be so
arbitrary because peniallin may protect an animal being jeopardized by
an wmjection of & toxic  substance

Fme 1would have to agree to that

Green How do the 30 per cent die infectious death or shock death?

Fine They die 1n shodk

Shorr Would you describe what happens? Have you measured the
blood pressure?

Fine  We have not measured the blood pressure They stmply go
into collapse and show the typical cold extremities and lack of urine
That does not take place right away It takes 2 number of hours These
ﬂﬂ;nallazed’;nhclmlmthmﬂhoum

orrat normal snumals peven
o e ls prven 1njections of normal liver go
Fine Yes they seem to peter out within 24 hours also
Green Do they have hemorthage mto the gut?

'l:cuudzu(s)mpponmemummnh-mnmpmm-

guntt bacterlal toxins
apparentl
yZ:u-ppr’hﬁ‘hmruwxdntndulruullo{inyurymlhehx
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Fine 1 cannot tell you about that detail m these riments
Sborr In other words we really do not know ct—xxapt'tl) what these
animals are dying from
4 Fine They die withun 24 hours and seem to be 1n shock before they
e,
Bradley Have you treated these figures statistially? This 15 a
very small series
Fme There are ten expeniments for each observation and the
results are suffictently uniform
I wish to make one further pomnt Only 200 gm of shock Iner
kil @ 2 hour shock reaipient The anmal from which the liver was
taken was exposed to a great deal more of the bactenal factor than
the reaipient the donor was exposed to toxic substances from his entire
liver and from his whole body musculature which 1s also potsonous
He was presumably being overwhelmed by toxin Since the donor dog
would have survived had an antibiotrc been given m advance 1t
follows that the 1rreversibility to transfusion in the donor was caused
by a bactenal factor With these observations in hand we then went
on to study the bactencidal mechanisms
Haist The fact that the [iver mash gives an effect does not necessarily
mean that the matenals of the mash would be liberated in the intact
anrmal does 1t If tissue 15 broken up mechanically materials could be
liberated from cells that would not necessarily be liberated from the
1ntact tissue 1n the body
Shorr Y oumean in the animal from which the liver has been taken?
Faze 1 wnll make only the obvious inference from these data. The
effect of 2 mash of normal Iner prepared with sterile precauttons 1s
compared with the effect of a mash of Iner from a dog dying of shodk
prepared 1n precusely the same fashion
Fremont Smub Dr Fine, it was a different question he was rasing
The point Dr Haist 1s mal.mg 15 1t 1s pot necessary to assume that
the whole liver intact and not mashed would release these substances
and therefore the amimal might not be exposed to toxic substance
from the whole Iner 1n the same sense as he 15 exposed to matenal
from the 200 gm of mashed lner Isot that your point?
Hatst That 1s nght
Frme Pethapsnot 1donotknow Ithiak I can say that «f a bacternal
factor 1s in the donor s lner 1t 1s very likely to get into the arculation
Shorr When you remore the hiver from the amma) do you freeae
1t at once?
Fite Yes mmmeduately
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Shorr  You have in the shocked animal a ltver that has been pro
foundly hypoxsic for 2 hours while m the nommal anmal you have
taken out 2 healthy aerobic liver o that from the metabolic standporat
as well, they are not alike

Fime No of course. We are talling about shock as it affects the
liver We take the liver out of an animsl dying of shocdh which 1s
ireversible to transfusion and we compare 1ts action to that of a lrver
from a normal anmal

Nickerson ‘Thete 15 no question but that animals which have been
hemorchaged or beaten 1n a Noble-Collip drum are more sensitive to
many things Thss factor probably 1s involved in limiting the ra.ngc of
dosage of varnous agents which will protect agamnst shoch. If the
dosage 1s just a bit too high the toxaty of the drug itself may be
superimposed on the effects of the shoching procedure even when the
dose 13 well below that toxic to normal anmals I hope you will pownt
out as you go along any evidence that this increased sensivity to
ﬁcnal products 13 really different from increased sensitvity to many

83

Fme 1will refer to that later on.

Barch When did you admunister the pentcillin to the animals recerv
ing the shock lver mash?

Fine This peniallin 15 administered to the recipient animal prior to
exposing 1t to 2 hours of shock. I did not give data on the effect of
gving pensallin to the donor ammal We did that too and there was
protection. We did not give the doror as much pentallin as we would
to prevent wrreversibility to transfusion because our objective was to
use lver from an trreversible preparation. So we gave the donor partial
protection

Barch 1t was effective esther way?

Fine Esther way

Burch Did you add pentcillin to the mash durectly?

Fine We did not give penicillin 1n the mash

Burch In other words you are not of the opinion that there was a
purely chemicnl effect?

Fme 1 will deal with that pot later (4) In our wvestigation of
the various components of the bactericidal mechanisms we first studied
Phagoqytosis by polymorphonuclear leukocytes Leukocytes from a
rormal animal were exposed to serum taken at successive penods from
an anumal in shodk, 1 ., after 2 hours 1n shock and agan after 4 hours
6 hours, and 8 hours The serum was mixed with the leukocytes and

‘(\{'lilbl}:?{r)uw and the mixture was incubated for 2 hours at 37 C.
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TABLE IN

Percentage of Phagocytons by Leukocytes from Normal Dogs
m Serum of Dogs 1n Irreversible Hemorrhagic Shock*

Time Expeniments
Blood Taken
1 2 3 4 3
Before shock 72 90 68 42 40
In shock
2hr 80 35 70 38 30
4hr 76 33 25 40 38
6hr 28 30 3 38 26
8hr 22 — -_ 26 22

Reprinted, on, from Schwenburg, F B, Yashar Y., Aprahamun,
H A DanhgoisD and Fine, ] Resistance to bacterla in hemortha shock.

1 Deccdme of osus-promoting aapacity of serum in shock  Proc Soc
Exper Brol 6er3 88, 387 (1953) 5

The percentage of cells which were mgesting bacterna remained
fasrly uniform all the way But the percentage of bacteria to which they
were exposed began to fall in preparations of cells in serum taken after
the second hour 1n shodk  In serum tahen before shock in one expent
ment the cells imgested 72 per cent of the bactena to wluch they were
cxposed, whereas 1n serum taken 8 hours after shock had been induced
the cells ingested only 22 per cent

In other expeniments the fall was from 90 per cent before shock to
Mpctmt:?:::Ghounmmod\.and from 68 per cent before shock
to 30 per cent after 6 hours 1 shock 1n another the change was from
42 to 26 pet cent which 15 perhaps not a significant change

Zwerfah Where 1n the time course was the transfuston admin
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sstered? The table shows 2 hours 4 hours 6 hours 8 hours Were they
transfused somewhere along the line there?

Fme No The preparation consists of leukocytes which were taken
from a pormal dog and were immersed 17 s2¢70 1 serum tahen from
shocked dogs The latter arc allowed to go into wreversible shock and
to die without transfuston. The serum 1s taken from those dogs after
2 hous 1 shock, after 4 bours 1n shock, and so on.

Rmsely Bacterta are put in the serum?

Fme Bacterna, leuhocytes, and serum are mixed.

Rssely Where do you get the bactena from, a culture?

Fne A given number from & 24-hour culture

Rmsely Every one has the same concentration of bacteria?

Fme Yes

Kmsely Were the tubes rolled?

Fine The tube 18 shaken frequently during the 2 hours of ncubation
We next ivestigated (Table X) sensitrvity to the bacterial toxin  For

TABLE X
Comparative Action of E coli Endotoxin Inmjected LV *

2 Hour Shock Rabbits

Dose 1 Normal Time of Injection after Transfusion 1o Hours

mg/kg Rabbis

4 15 24 48 72

Min

lethal

(100 per

cent) 013 | 0000001 |>05
Max

mmvmg

(100 per

ceat) 005 | 000000012 | <0012 | <0023| 005 | 005
*Lach figure represeats the dase 10 mg given to cach of 10 rabbits.

Reprunted, by permussion, from Sch
F B, and Fine, Ressstance t
:dhyﬂ: In hemorrhagic shock. 11 Effect of transient vascular c{)lhpse on scnno
endotoxin. Proc Soc Exper Brol & AMed 88, 589 (1935)
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this purpose, dogs are not suitable In rabbuts the mntras enous MLD/
100 of an E. colt endotoxin prepared by Dr Abraham L. Braude (of the
Southwestern Medical School of the Unnersity of Texas at Dallas)
was 013 mg /hg and the MS.D /100 was 005 These values were
confirmed n many rabbits perhaps several hundred by now all of the
same breed and from the same farm.

The M L.D /100 of this toxin was tested 1n the rabbit exposed to 2
bours of hemorrhagic shock. The shock expenment was done as m
the dog except that the lowest blood pressure the rabbit can tolerate 1s
about 50 mm Hg Such mabbits like dogs transfused after 2 hours in
shocl, recover but 4 bours [ater when the rabbit 1s eating and appears
fully recovered, 1t 1s hilled by 1/100 000 of the dose / Lg requured
to Ml the normal rabbit If instead of the mununal lethal dose, we
determune the maximal survival dose, we find 1t s 005 mg 1n the
normal rabbit but it ts 00000012 1n the shock rabbit 1e. the 2-hour
shock rabbit 4 hours after 1t has been transfused 1s from 100 000 to
1000 000 times more sensitive to a bactenal toxin than it was mn the
healthy state. The recovery of normal resistance to toxin requires about
48 hours

Zuetfach 1 should lihe to come back to the point concerning the
transfusion of white blood cells from a reservoir 1n which the blood
has remained outside the body for periods up to 4 hours Is it not
possible that these white cells have become altered dunng this period
and no longer can effectively sene i the defense aganst agencies such
as bacterta or endotoxins?

Pillemer What evidence do you have for that statement?

Fine The toxin 1s tahen up by the polymorphonuclear leukocytes,
by the macrophages and by the reticuloendothelial system 1n the lungs,
Iner spleen, and most of the tissues But we have transfused with fresh
blood too and have found no difference in the results

Zuerfach Some i estigators believe that arculating endotoxins are
removed 1n part by the polymorphonuclear leukocytes (5)

Engel If your whole system 13 siliconed, wouldn t you get around
the problem of the white cell survaval in the transfuston setup?

I'me The best answer I can give you 1s that when we transfuse
ammals with fresh blood we get the same effect

Nickerson I8 it not truc that these ammals were remnfused at about
the time the reduction 1n Emmm activity occurred? We will ot
argue now about whether these cvents are causally related

Shorr In other words the reduction manifests itself for the first

tyime, after infuston?
Fime They were transfused after 2 hours of shock The blood was
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1n the heparinized burct at room temperature for 2 honrs and the rabbits
were exposed to the toxin 4 hours later, when their hemodynamuc status
was back to normal

Nrckerson 1 am talking about the phagocytosts experment mn which
you took samples of blood for testing at intervals duriag the riment
The break to a lower phagocytic index occurred between 2 and 4 hours
which was shortly after the remnfusion.

Fme The phagocytoss experiment was done on two groups of dogs
In one group the transfusion was given after 2 hours In the second
group, no transfusion was given and the shock continued Serum was
taken at intervals from the arculation of the dogs m both groups and
the cells used for testing this serum were cells from 2 normal animal

Shorr  Could I just go back for one moment to the experiments n
which you removed the liver from ammals pretreated with pentaillin?

Fine  The liver from such dogs was not nearly so potsonous to
reciprent 2 hour shock dogs

Skorr Were these from the animals 1n your colony which recently
showed an entirely different pattern, animals that pentallin did not
protect?

Frne These are not dogs tested for the effect of prophylactic antt
botic therapy upon the development of irreversibility to transfusion
and upon the survival rate ‘They are dogs given penscillin 1 advance to
subdue without wholly suppressing bactertal activity The aum was to
Emtcct them partially but with the deliberate intention of letting them

¢ irreversible to transfusion.

Shorr These were done 4 years ago?

Prae They were donc 2 years ago

Shorr  Have you done any more recently n anunals not protected
even though injected with peniailiin?

Fie Yes we repeated a few expenments on the effect of prophy
lactic antibrotic therapy I will discuss this later

[ want to refer now to studies of the response of normal rabbits and
rabbits transfused after 2 hours i shock to the admunstration of beef
wfusion broth 1nto the pentoneal cavity We wanted to compare the
cell mobilization capacity of the normal and the 2 hour shock ammal
(Table XT)

For control purposes we first studied the undsturbed toneal
@vity Rabbits were kalled six hours after transfusion for shock of 2
hours duration Normal rabbits were also Lilled Immediately after
death the pertoneal cavity of each rabbit was washed with 300 ml of
Ringer s gelahn solution at 40 C. The number of cells recovered aver
3ged abaut 3 4 mullion 1n both normat and shocked rabbits Seventy per
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e cells were macrophages, 20 per cent were polymorphonuclear
tes and the rest lymphocytes
bactena 1 and outside the cells were seen i the suspensions
from the shocked rabbits None was seen 1n the suspension
from the normal rabbits
onsider the macrophages to be traumatically desquamated pert
nng cells They showed amebotd activity looked like macro-
and acted as phagocytes
t 18 the cellular response 6 hours after mjecting beef nfusion
nto the pertoneal cavity of the normal rabbit? By the same
3 technique we recovered an average of 100 mullion cells, of
)3 per cent were polymorphonudiear leukocytes The rest were
hages and of these there were double the number obtaned from
hallenged perttoneal cavity
ntrast, the cellular response m the 2 hour shock rabbit 1s virtually
1e number of cells 15 no greater than i the unchallenged pert
cavity ‘This ammal cannot mobilize macrophages from local
ors and 1t cannot delrver polymorphonuclear leukocytes from the
ton. It 1s mportant to remember that thus 1s at & tume when the
ynamuc status 1s back to normal I offer the suggestion that this
because something 1s wrong wath the cell permeability promoting
discovered by A. A. Miles (6)
¢ Do you know that the splanchnic circulation has returned to
at this time ?

I will nsk making the assumption that 6 hours after a trans
for 2 hour shock the hemodynamic state 15 quite close to the
l1n all parts of the carculation
t, we wished to measure the capaaity of the phagocytes to lyse
1 The cells from normal rabbits (mostly polymorphonuclear
ftes) were suspended m normal serum. About 10 per cent of
ells ingested bactena, and of those ingested 90 per cent were
by the techniques of Smuth and Wood (7) to have been kalled
2 bours (Table X1I)
same cells were then put into serum takhen from the shoched
L 6 hours after transfusion This serum tnjured the normal cells
trast to their normal appearance when suspended m serum from
nal rablut, these were shrunken, the nuclear membrane was less
¢fined, and the cytoplasm appeared reduced 1n amount  Ninety
ot of them phagocytosed bactena, but only 20 per cent of the
1 ingested were lysed.

e Dr Fine, has your figure that 90 per cent of the normal cells

'S
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TABLE YXII

Destruction of Bacteria by Phagoeyte« 1n Serum
From Nermal and Shocked Rabluts

Cells with Ingested
No and Type Typeof Cells | Ingested Bactcm. I;‘mcm
of Expenument (per cent) Bactera | Ingested Aalled

(per cent) | (P70 | (per cera)

Normal cells** 1n

normal serum Polys (98) 10 30 60 to 90
Normal cells n

shoch serumt Polys (98) 90 20 20
Shock cells** Macrophages

normal serum (80) 30 50 20 to 40
Shock cells in Macrophages

shock serum (80) 30 20 20

*Number of bucteru 10 Exps. 2 and 4 were far greater after ooe bour of Incukaton
than at the begtnaing. The number of bactera m Exps. 1 end 3 after ooe hour of

1Sectum taken from rabbuts 6 hoars after transfiston for shock of 2 hours durshon,

. tes were removed from tooeal cavity 6 hours after Injection of 30 cc of
::cd'l upon broth In the od animals the inpecton was made just after tram-
aHon.

i shock serum have mgested bacteria as agaimnst 10 per cent of the
normal cells i the normal serum any sigrificance?

Fine No We found that the bactena multiphied rapidly in the
narmal cell shoch serum preparation so that more than twice a3 many
bactena were present per high-power field than in the normal cell
normal serum preparation  The surface contact of cells and bacteria 13,
therefore greater The signficant fact was the loss of the ability to Lt
ingested bactena

Nisckerson s it possible that the difference tn percentage destruction
of wngested bacteria s because of the fact that many cells which would
neither ingest nor lyse bacterra n normal serum do ingest them after
cxpasure to shock  serum? Your data indicate that wn the first group
only 10 per cent of the best polymarphonuciear leukocytes ngest
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actena and these lyse them very well However in the shock group

t appears that all of the polymorphonuclear Jeuhocytes ingest bactera

erhaps many of these extra cells would not have been capable of
g bacteria 1n normal serum

Horvath Dt Fine, I am curicus about the term  shock serum. That
s not actually shock serum

Fme It was serum taken 6 hours after a therapeutically effective
ransfusion

Horrath You have replaced a fair quantity of that wath the so-called
ormal blood that you withdsew earlier or replaced with freshly drawn
lood.

Fme The transfused blood usually was the rabbits own blood.
Jeasionally & healthy rabbit s blood was used for transfusion. In this
ase 1t happened to be the rabbit s own blood

Horsath Sbouldn t that serum, then be represented s fatrly normal
erum 1nstead of so-called shodk serum?

Fime Tt 1s serum teken from a rabbit 6 hours after 1t was transfused
Etbe treatment of 2 hours of hemorrhagic shock. That 1s all I can
you.

Bareh D you try the serum that you employed for transfusion?

PFme No We have done the following Normal cells were exposed
0 normal serum from the same and from other normal rabbits There
13 00 difference in the result Normal cells were exposed for 1 hour to
¢rum taken from the shocked rabbit 6 hours after transfuston The
ells were washed free of this serum and resuspended 1n normal serum
nd then exposed to bacteria They then behaved as 1f immersed 1n the
erum from a shocked rabbit This demonstrates that the multiplication
f bacteria 1n shock serum does not account for the injury to the cells
t 15 leac that there 15 a toxn 1n shodl, serum and that this 15 a leuko-
oxia that prevents lysis *

We then tested the macrophages from the shocked rabbits 1n the
manner described for polymorphonuclear leukocytes from the normal
abbits § Suspended 1n normal serum they lysed from 20 to 40 per cent
f theﬁtsted bacterta  Suspended 1n serum from a shocked animal
ey lped only 20 per cent. These are stll preliminary data  They
'uggest that the macrophages are mjured as a result of the shock
process because W B Wood, Jr has data** which indicate that macro-
Phages will Iyse as rapidly as polymorphonudear leukocytes. But it 13

;fmmmd..umunnhe serum in the ekvated reservorr as well as the animal's
iTo mlbeuﬂl. H toxsc. K f
omparsons we are currently testing polymorphonuclear leukoyctes from
tabbits and macroplages from normal rabbits.

**Persona? ommunlation,
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possible that macrophages are not as capable of Iysis s the polymo
nudear leuhocytes are 1 am not sure ol?athc facts",smd 1 doP:o)t w:m
make too much of these data. We are getting more information

Zuwerfach s 1t possible to state unequriocally that restoration of
blood volume returns all relevant factors to normal i these dogs? As
an example, these animals have received considerable doses of hepann,

Fine We use the least possible amount of heparin,

Zuesfach ‘There may be other changes in these animals which have
as yet not been measured You have mdicated one passibility m ths
regard a fall 1 prothrombin

Fe This s slgod\ certainly

Zwesfach Have you done analysis on the shock serum tn terms of
other constituents?

Fe Only the ones I have mentioned and properdin. Before con
tinuing 1 should like Dr Pdlemer to tell us uﬂout properdin, I have
ashed him to give us a general discussion as a background for the data
we shall present jountly then we mught follow with a closing dis-
cusson

Pullemer  Properdin will be designated as P zymosan as Z. Comple-
ment will be termed C' and sts four components C'1 C2, C'3 and C4

The normal mammalun serum kifls certan bactena neutralizes
viruses and hemolyzes certain abnormal red cells in the absence of
demonstrable antibody During the past 20 years we have been trying
to learn what serum factors are ivolved in these phenomena  We now
believe that the properdin system (8) 15 1n part, mPonn'bIe for the
bacteriaadal  virus neutralming and hemolyte activities of nommal
serum. The properdin system conststs of properdin complement, and
magnesium. This system #n 11tro hills bactena neutralizes viruses and
also hemolyzes certain red cells

Table XIII shows some of the properties of human Pmpcrdm (8)
This 1s a very large protetn molecule, with a sedimentation constant of
about 27 S which ndicates it 1s about tw enty times the size of albumin
It 1s present m human serum in very small amounts It also 15 not
amylase esterase or lipase

Table \IV shows that properdin s not an satibody (8) Antibodies
combine with antigens in the absence of either magnesium or comple
ment and do not require elevated mgcﬂmm or a very narrown pH
range whereas for properdin to ine zymosan or bactenal cell
walls magnesum complement, clevated temperature and a narrow

H range arc necessary

T:blfe\\' shows that if properdm 1s removed from serum by
rymosan at 17 C., none of the factors that are concerned with speafic



Bacterial Factor in Expentmental Shock 63

TABLE XTIl
Properties of Punfied Human Properdin

Euglobulin with mimmum solubtlity between pH 48 and 6 5
Sedimentation constant about 27 S

Represents not more than 2 to 4 pg of protein nitrogen per mullt
liter of serum, or about 0 03 per cent of the serum proteins

Stable to heating at 66°C for 30 mun

Destroyed at 100°C tn 5 min
Not a component of the blood-clotting plasmn, or hemolytic
complement systems

Parbcrpates 10 bactenicdal, visus-neutralizing, and hemolytic re-
actions 1n the presence of complement and Mg++

Bepnnted, by permissioq, from Pillemer L. Blum, L. Lepow 1 H. Ross, O A,
T"ddvﬁél.deudlw A. C The properdin system and unmumity L
100 and molaton of a new serum protewn, properdin, and its role 1

Science 120 279 (19545

immuntty, cloting, or complement actvity 1s removed. However, the

beat labile bactericadal nctxvl:ty the heat labile virus neutralizing activity

and also the hemolyhc actrvity for unsensitized cells are removed

Zymosan 13 an nsoluble glucose polymer from yeast In this discussion,

the term 15 used 1n 2 genenc sense to indicate any polysaccharide which

Wil complex with properdin. Such products can be obtaned from

practically all bacteria, and even from mammalian tissue,

Ph’:;'mt There 1s 2 formation then of a protein carbohydrate com
Pillemer Yes The complex can be centrifuged out of serum
Table XVT shows the stnSns of bacteria (9) gfxdn are killed by the

l:"P“dl“ system It 1 evident that within a species of bacteria some

u:lm a2 susceptible thatis they arc killed Some strains are resistant

others are lalled even 1n the absence of properdin - As with antt
there are also resustant stratas to the properdin system. It 1s of

mﬂ:;:;t;xpmpﬂdm system kalls for the most part only gram
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TABLE \IV

A Comparison of the Factors and Conditions Requiced
for the Combination of Human Properdin :gil:h
Zymosan and Antbedy wath Antigen

Properdin Antibody 7
with with
Zymosan Antigen
Requires  Mg*+ sons Does not requure Mg+ rons
Requires  Complement Does not require-  Complement

Requires  Temp >10 C Does not require Temp >10 C

Requires pH 6 5to 8.2 Does not require pH 6.5 to 8.2
Requires p* = <04 Does not require p= <04
*u = (onic strength

Reprinted by permussron, from Pillemer L. Blum, L, Lepow I H,Row, O A
Todd, E. \5’ and Wardlaw A C. The properdin system and immunty |

and wsolatron of a new serum protemn, properdin, and its role in
immune phenomens. Scence 120, 279 (1955}

Nickerson The common staphylococa and streptococct are resistant
to this system?

Pellemer They are resistant  That 15 a story by stself because these
bacterra produce streptohinase or staphylohinase that destrops comple
ment which ts required for properdin actrv ity

Dt Oscar A Ross and Dr Alan R Monitz, Institute of Patholozy
Western Reserve Unwversity Cleveland are interested m total body
uradation (8) and it appeared that thcj:)opcrdm system mught be
savolved 10 sadiation sllness  Table XVII shows that following 300 ¢
in rats there 1s a profound fall i the properdin from 25 to 35 unts
to under 1 unit at the end of 13 days There 1s no fall in complement
In fact, complement titers inCrease

We have observed the same fall in properdin of varying amauats of
E. colror § 1yphosa or any of the gram negatine bacterta are inpeeted
nto mice 1€ 34 x 10 E. cols are injected properdin fafls to very fow
values at 21 hours and the ammals mdng at 72 hours 1f 3 {x 10"
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TABLE XV

65

Comparison of the Factors and Activities of Untreated
Human Serum and Properdin Free Serum (RP)

In PmPI:rd.ln

Factor or Acttvity Uptrested frcc(RS;;um

Hemolytic activity for sensitized sheep cells Present | Present
Indrvidual complement components Present | Present
Susceptibility to complement fixation Present | Present
Plasminogen Present | Present
Plasmin mhibstors Present | Present
Cotting factors Present | Present
Hemagglutinin Present | Present
Susceptibility of C'3* to 1nactivation by zymosan | Present | Absent
Heat labile bactericrdal activity Present | Absent
Heat labile virus-neutralizing activity Present | Absent
Hemolytic actrvity for unsensitized cells Present | Absent

*C = third com of h
—

Y

R‘Pﬂmtd.,
petmusnion, from Pillemer L. Blum, L, Lepow I H Ross, O A
T E W "and Wardlaw A. C. The properdia syeem and immanity 1
cmonsttation and polation of & new serum Sarotcm, properdin, and its role in

Scrence 120 279 (1934

Organsms are
are dead wathin 24 hours

guven, the fall in properdin occurs carly and the ammals

Dr Ross (9) has been able to protect mice agamst total body srradia
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TABLF IV

A Comparison of the Factors and Conditions R
for the Combination of Human Properdin :gi'l)l,lrtd
Zymosan and Antilody with Antigen

mn
with Azuajl?dy
Zymosan Antigen
-
Requires  Mg++ 1ons Does not require Mg** tons
Requires  Complement Does not require - Complement

Requires Temp >10 C Does not requite Temp >10 C

Requires pH 63t 8.2 Does not require pH 6 5to 82
Requires  u* = <04 Does not require g = <04
*a = o0 strength

Repniated, by permusion, from Pllemer L. Blum, L. Lepow I H, Rows, O A,
Todd E. W, and Wardlan A. C  The properdin system and immunity [
Demonstration and isolation of & new serum protem properdin, and its role o
unmune phenomena. Scewce 120, 279 (1951)

Nickerson The common staphylococa and streptococet are resistant
to this system?

Pillemer They are resistant  That 1s a story by atself because these
bacterta produce streptohinase or staphylohinase that destroys comple-
ment which s required for properdin activity

Dr Oscar A Ross and Dr Alan R Montz, Institute of Patholo
Western Reserve Unnersity Cleveland are nterested in total bﬁ;
irradiation (8) and it appeared that the properdin system might be
involved 1n radiation illness  Table \ Vil showus that followmg $00 ¢
in rats there 1s a profound fall 1n the properdin from 25 to 35 units
to under 1 unit at the end of 13 days  There 15 no fall in complement
In fact, complement titers increase

We have obsened the same fall in properdin of sarping amounts of
E. colror S nyphosa o any of the gram negatnve bactena are myected
mto mice 1f 34 x 10 F colr are njected properdin falls to very low
values at 24 hours and the animals are dng at 72 hours §f 3 4 x 10"
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TABLE XV
Comparison of the Factors and Activines of Untreated
Human Serum and Properdin Free Serum (RP)

1 | properdin
Factor or Actity Ugtreated fre e

Hemolytic actrvity for sensitized sheep cells Present | Present
Indrvidual complement components Present | Present
Soxceptibility to complement fixation Present | Present
Plaminogen Present | Present
Plumin inhibitors Present | Present
Clotting factors Present | Present
Hemagglutinin Present | Present
Susceptibility of C'3* to tnactivation by zymosan | Present | Absent
Heat labile bacterscrdal actvity Present | Absent
Heat labie virus-neutralizing activity Present | Absent
Hemolytee actvity for unsensitized cells Present | Absent

O3 e thid @rponent of bemolytic complement.

pructed, by permission, from Pillemer L. Blum, L Lepow L H, Roms O A,

Todd, E.

D ~and Wardlaw A. C. The properdin system and immumty I

ot Scremce 120 279 (1954)

and 1solatron of a new serum protewn, properdin, and s role i

Eanizms are given, the fall 1n properdin occurs early and the animals

e dead within 24 hours

Dr Ross (9) has been able to protect mice agunst total body 1rradia
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TABLE \VI

Senmtnity of Various Microorganisms to the Bactericidal
Action of the Properdin System in Human Serum

Number of Strazns
Highly
Sentive Sensitrve to
Organam to the Both Serum Imsersitine
Properdm and Properdin- to
System Free Serum Scrum
(RP)

Shigella 3 3
Protexs 2 1 3
Psexdomonas 3
Paracolobactram 2 3
Escherschia cols 3 1
Salmonella 3 3 2
Aerobacter aerogenei| 2
Vibrio comma 1 ]
Bacillns subitls 2 i

Streptococens fuecalis

Staphylococexs albxs

Y east .

tion with properdin However the time when it 13 given 15 very impor

tant 1f properdin is g
1t 15 given too late 1t can

en too carly 1t 15 of little or po value and if

be very harmful to the animal

Follontng 600 r mice were ghen 50 units of propeedin on the
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TABLE XVII

The Serum Properdmn and Complement Titers m Rats Total
Body Irradiated with 500 r

Iod Percentage of Normal
Postradistion Pnf}xrdm 1;0&? Scrum Vilees
ts

b | (Cn) Units (648 C2 3 4

0 25t0 35 30to40 | 100 | 100 | 100 | 100

2 4ta 6 50 100 100 100 200

7 <1 50 100 135 200 200

13 <1 60 100 200 300 200

Reprinted by permission, from Pullemer L., Blum, L, Lepow 1 H. Ross, O A,
Todd E. W, and Wardlaw A. C. The properdin systcm and ymmumty 1
Demonstration and isolation of & new serum protein, properdin, and s role m
unmune phenomena, Scrence 120 279 (19545

second third, fourth fifth, seventh, and tenth day following radiation
There was no protection uatil the injection on the fifth day (50 per ceat
protection) However if properdin were mnjected only on the seventh
day the anumals all dted suddenly with what appeared to be an acute
endotoxemiz.

The ir:)pcrdm titer 1s very low at the seventh day and these arumals
have a bacterenua of enteric ongin. As soon as properdin 15 mjected,
these bacterta lyse and liberate endotoxia.

Eniel Can you protect the antmal by gving cortisone?

Pidjemer Cortisone has no effect on the properdin system

Engel 1mean at the potat where they get the so-called Herxhetmer s
reaction Would cortisone protect them agaunst this reaction?

Pilemer 1do not hnow whether that has been done or not

Barch  Wll antibotics protect these animals?

Pullemer They will give a small degree of protection if the animals
are pretreated for several days.

Frenront Smuth  Toth pretreatment and continued treatment through
out?

Pidlemer Yes
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Lerie  Are these days after complctmg the dose of irradtation?

Pdlemer Yes days after rraduation

Zuetfach Do any of your ammals die by the fourth day?

Pillemer Not at 600 r On the fourth day there are no deaths
Control anmmals died between the sixth and fifteenth days following
irradiation

Dobson A charactenstic effect of 1rraduatron 15 that anumals expased
to an L.D * do not die until after the first weeh and then those that are
gong to die have usually died by about the fourteenth day

Zuetfach A Wistar strain of rats used m our laboratory begins to dre
on the fifth to sixth day with further deaths up to the twentieth dar
followng an LD * dose of roentgen ray

Pillemer Next, we will discuss some things which Dr Fine will also
touch on later Since the supply of properdmn 1s imited at this time we
trred to find some way to increase the properdin titer 1n expenmental
ammals It was found that if mice are imnjected intravenously with
zvmosan (10) or bacterial cells or endotoxin the properdin titer falls
very promptly aftec the injection The rather sharp tall in properdin
titer ts then followed by elevated properdin levels

Durnng the phase of low properdin levels animals are sety susceptt
ble to mfection However dunng the period of high properdin titers
srumals are very resistant to infection  So there seems to be some sup
gestion that this fall and nse i properdin ts related to the degree of
resistance or susceptibility of these anmals

Tigure 9 shows that the same fesponse can be obtained with other
polysacchanides  With endotoxin or neutral polysacchandes there 1
an nitial fall 10 properdin lesels dunng which time the muce are
very susceptible to infection This 1s followed by elevated titers in the
case of the fevan and typhad endotoxin  This pechaps suggests Ja
explanation for tolerance to endotoxtn It also perhaps explains why
muan has been so useful as a virulence-enhancing agent

Engel Daes pyromen fit wnto the picture?

Pidlemer Pyro are hipopolysaccharides  Thus may also explun
some of the ben | results reported following the njectson of pyro-
geos into humans

Zuwerfach  Ase amimals wath high properdin titers resistant to other
forms of expenmental stress? ™

dlenter  Yes Tourmquet and drum shock ¢ expenments on
dn}:m rshock were condungd by Dr Maron E Webster Walter Reed
Army Institute of Research Washungton Dr Simon Koletsky Western
Reserve Unnersity Cleveland 1s domng the work on tourmquet shock.
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FiGure 9 The serum properdin levels 1o mice following intravenous injectron
of levan, mucin, and endotoxin. rinted, by permmussion, from Pillemer, L,
Schoenberg, M D, Blum, L. and Wur, L Properdin system and

tromunity
11 Interaction of the properdin system with polysacchanides. Seiemce 122, 543
(1955)

Zuerfach Are aumals resistant to drum shock also resistant to the
letha] effects of endotoxin?

Pillemer 1 am presenting work done by Dr Marion E. Webster
You will have to accept her expenmental data in her absence Rats
grven 1 mg of endotoxin (Table XVIII) or tumbled 300 turns 4 days
pror to challenge with 4 mg endotoxin or $00 turns are substantally
protected against these treatments

Zwerfach The term  drum resistance  has been used 1n the past to
indicate a progressive adaptation to a series of sublethal drummings
until the rat withstands 1000 drummings 2 dose which 15 100 per cent
lethal to normal controls

Pilemer 1 understand Dr Webster found that 500 turns 15 an
LD * to LD *® with their mts Three hundred turns s nonlethal
However 4 days after 300 turns the anumals gre resistant to 500 turns
the time element here 15 very important.

Zuetfach Are they resistant to more than 5007

Pullemer 1 do not hnow

Zuetfach Qur own studies (11) on resistance utilize the procedure
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first employed by Noble and Collip (12) The remstance which
develops following  protracted u-ammdg :Eztloccdurc over a penied of
from 12 to 14 days can be sustaned mndefimitely by exposure to drum
trauma at 8 to 10<day wntervals Such rats withstand not only 1000
revolutions in the drum, but frequently as much as 1500 without lethal
outcome.

Prllemer 1do nat know whether Dr ‘Webster has done such expent
ments of oot. Imnotaphyﬂoluglstmmysmscof the word and have
not carried out expenments of this pature. There 1s however a e up
here 10 the fact thet aaumels made reustant to tumbling shock by 300
priot tutns are also resstant to 8 mg of endotoun

Zwetfach Both 300 and 500 turps 1 the drum are completely
without lethal effect 1n our own colony of rats Rats reared under
dufferent curcumstances 1n various Jaboratortes probably withstand shock
to a vartable extent, depending on thetr diet what bactena they harbor
cte

Pillemer You would have to contact Dr Webster about that Her
Iaboratory has had a great deal of expenence with different forms of
shoch.

Burton  These rats were subjected to 300 turns you say 300 con
ditions them

Prl{emer Control aumals show this In one experiment 87 per cent
of therr anmals died 0 another 75 per cent and in another 72 per
cent The pouwt to observe here 15 that the mortality 1n the coatrols and
the treated anumals follows the properdin titers

Shorr I think we should let you describe the expertments and then
any comments can be entered mto the record

Prllemer 1t 13 always hard to describe someone else s expesiments
but 1 thought they would be of some mnterest here

As you see, wherever you see an increase in protection, there 1s always
a panallel increase 1n properdin titers

Shorr Do you have that data from Dr Webster?

Pillemer Yes. This may explam Dr Fine's work whete he njected
Irver bret into dogs

We have obtamed through the courtesy of Dr Murmay J Shear
National Cancer Institute, Bethesda, polysaccharide complexes of mam-
malian ongin which when injected 1nto anmals alters thete resistance.
We feel that 1n shodk there 15 tissue damage and that polysaccharides
are liberated which combine with properdin. Thus may alter 1n the total

antibactenal potential of the ammal Th
of the total amount of tissue damame. us properdin could be an sndex
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Hortath 1 gather the sire of the molecule 1s ciical Have you
any 1dea what the size could be?

Pillemer 1t has to be over 107 1n molecular weight

Dobson Does dextran nterfere with the properdin?

Pilemer Yes We have published work on this (13) Howover
oaly certain dextrans are active The ratio of 1 3 and 14 linkage to 1-6
seems to be important

Hortath Yet they are up 1n the same electron hinkage the 16 it
130 t molecular size

Pullemer Molecular weght 15 also a determinant That 1s the actne
polymers are all over a million i1 molecular weght

Horiath  The dextran molecules?

Pilemer Yes the dextrans

Burch What 1s the function of magnesium?

Pullemer 1 could perhaps answer that 1f we knes what it docs in
other enzyme systems

Barch Have you performed tracer studies with magnesrum?

Pillemer We have planned such experiments

Frre  Tigure 10 shows a curve of the properdm titer i the sera of
dogs allowed to become irreversible to transfusion for hemorrhagic
shock  The titer before shack was normal in five of the first six amimals
studied The sixth had a very low titer  We observed a substantual fall
in the titer betw een the second and third hour in all five animals with
a normal itaal titer  The sera were sent to Dr Pillemer 1n code

It 15 important to pomt out that therc 15 constderable vartation
between individuals within a species as well as from one species to
another I wull try to point up the significance of this when we discuss
the divergences betw cen the data obtained by Hardy and DeBakey (14)
and our own data

Hortath D Fine s that titer per volume of fluid’

Fune Unts per milhliter of serum  The complement does not change
The properdin remains low long after the transfusion is given

As I stated one of the first six dogs studied had a very low imitial
properdin titer (Migure 1) This was the only dog that could not
tolerate the shock state for more than about 2 hours and had to be
transfused at 3 hours after which 1t died sery quickly Whether the
low properdin titer was related to this 1 do not know

Rwrton D Tine could T ask you if after transfusion you would
not naturally expext to get a rise 1n the properdin from the blood you
put 10> It is the ammals own blood s 1t?

Pullemer  We have wondered about this The properdin tier falls
very sharply within an hour  You cannot explun this as an inter
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action of properdin with bactents or endotoxin  Something appears to
be released n the host which removes properdin At that time I
believe that several thousand units of properdin would have been com-
pletely bound

Engel Where 1s properdin made?

Pillerner 1do not know but there 15 some cvidence 1t 1s made 1n the
bone marron

Nirckerson  The course of the blood pressure 1n these experiments
appears to be mm: different from that 1n your usual shock procedure
Did you vary the procedure in thesc properdin experiments?

Tme No wedid not vary the procedure at all

Pillemer These blood samples did not contan hepann.
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Fine 1am wrong 1 forgot to mention that in order to avotd heparin
contamnation of the serum we did not use the resenoir techruque
We withdrew or added blood by needle and syninge to heep the blood
pressure betw een 30 and 40 mm Hg

Nickerson  This dog did not reach a pressure of 30 mm Hg for
2 or 3 hours

Fine That 1s ight He died very quickly just the same  He was not
able to stand the hypotension.

Nickerson However this is very different from the usuzal procedure
of bleeding rapidly te 30 mm. Hg and I am not sure that the results
can be cnmp.m:d

Fme This dog had the advantage of a higher pressure  Trom the
point of view o(Fblood pressure this dog had matters 1n his favor
rathet than against fum  In the other dogs the blood pressure was
maintained between 30 and 10 mm. Hg nght along
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Engel What 1s the relation 1f any between C reactive protein and
properdin?

Pilemer None at all

Barton. You mentioned this other animal was without heparn
Does heparin 1ateract with properdin 1n some way?

Pillemer 1t 15 anti-complementary and interferes with our assays
We asked Dr Fine not to use heparin for this reason.

Barton  You can add complement?

Pilemer Yes, but it 1s not too satisfactory

Horrath Is the total amount of hepatin important 1n the reaction of
the anumal?

Fige 1 cannot answer that The first group of six dogs m shodh
assayed for properdin were not transfused (Figure 12) In the subse
quent gmuf of 25 dogs the average preshock properdin titer was 12
umts per ml Some of these were transfused at the end of 2 hours At
about this hime the properdin titer had already fallen. These dogs
recovered  Nevertheless the properdin titer fell stll further and
remamned low for about 4 days and then began to recover There was
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an overshoot between the fourth and the eighth days, and eventually
the titer fell to normal

Burch Where does the properdin go? It dusappears very rapidly

Pillemser We feel that 1t 15 erther bound to some substance that 1s
exposed m the tissues following shoch, or that tissue products appear
1n the serum which combine with properdmn. Dr Fine and 1 mtend to
label properdin and really find out where 1t goes i these ammals

Barch Isit found in the unine?

Pillemer No properdm 1s ot found 1n urne It 15 oot i any
other body fluid except serum

Rnusely What did you say the molecular weight 152

Pillemier  About 114 mullion

Barch  Of course, red cells escape into many body flurds

Pillesmer “That s tight, but we still haven t detected properdm 1n
any other body flud except blood.

Fine Hemorthagic shoch experntments were then done to see if
hypothermia would preserve the enzyme systems We used precooling
and also cooling started after shock was induced It should be remem
bered that 90 per cent of nommothermic anymals exposed to hemor
thagic shock for from 4 to 5 hours and then transfused die. Further
more, they are pot benefited by an antibiotic grven at the time of
transfusion. 1 mention this again to emphasize that the timing of
antibiotrcs like the timing of hypothermiz or sympathetic blockading
drugs, 15 of tremendous importance 1 the therapeutic result of trans-
fuston (Table XIX)

Kmsely Dr Fine, from that very fact alone would you suggest
giving an antibiotic to soldiers gong into battle?

Fine 1 would answer this with a qualified affirmative, but prefer
to leave 1t for a more extended comment later i the discusston.

As the dats show precooling alone enabled the dog to tolerate the
hypotension for much longer than the normal period of time. Instead
of death after an average of 6 hours these dogs appeared to recover
from shod. only to die after an average survival time of 30 hours

The hypothermua produced a substantial degree of protection Why
did they die? We had reason to believe that this was a result of
bacterial action. We tested this 1dea by r g the experiment and
grvmg an antibiotic at the time of transfusion so s to protect the dog
in the posttransfusion phase aganst bactera we got 100 per cent re
';0"1? Therefore, the hypothermia gave incomplete protection and the

urther ﬁmtechon required 1n the recovery phase whide the defenses

were shll down was provided by the adm
advance of the reactivation of ll:aydtml ncuwtyﬂhon of antibiotic m
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Nickerson How many animals were 1n these groups?

Fine  They are a substantial number and the results are almost
umiformly the same 1n each group

Lerme Dr Fine would this suggest to you that the early shock
death 1s not bacteral while the late death 13 bacteral ? Pre
cooling allows the ammals to sunne 30 hours but precooling m
addstion to an antibiotic given at the time of transfusion which
ordwnarily 15 not effectne protects them after the first 30 hours

Tie Yes

Lerime Would that suggest m general that eacly shock death 1s
something that can be prevented by precooling while the late shodk
death has a bactenal element?

Fme 1 misunderstood you No the bacteral element operates in
both cases  The time of death depends on the amount of toxin and the
rate at which increasing sensitivity to toxin develops

Shorr 1 think Dr Levine s point 15 worth further thought

Green  Would your ammals tolerate 40 mm Hg or whatever the
level 1s for 8 hours before they took up 50 per cent?

Fine  They did not take back blood 1n significant volume cven after
8 hours  As a result the experiment took all day so mstead of waiting
to see if decompensation would appear we transfused arbitrarily
at 8 hours and obtained a good response only to observe subsequent
collapse and death after an average of 30 hours

May I potnt out now that n the cacly experrments with prophylactic
antibtotic therapy about 15 per cent of the animals died within 36
hours after an apparently curatne transfusion If they survived for
48 hours they sun ned indefinitely

Shorr A description of the way these animals die 1s needed before
we can relate this phenomenon to what 15 generally agreed upon as
death from shock

Fme We have no hemodynamic datz from which we can tell
whether or not these animals died 1n shock but they appeared to

Kmsely Dr Fine shows clearly the significance of bactena in the
whole phenomenon but the mechanism of death has not yet been under
stood by us

Tme 1 think the death 1s caused by s Sepsis develops because
the bacterictdal mechanisms are tjured by the shock process  Death
from sepsis 1s usually preceded by the development of shocl

Harst Would you let us know the nature of the precooling?

Fme Yes These ammals were packed 1n tce under ether anesthesa
until the body temperature dropped to 28 C Ethenization was then
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duscontinued and the ammal was allowed some 30 minutes to blow it
off Thereafter the anumal was bled.

Horvath His temperature decreased? .

Fime The temperature continued to fall and leveled off at 23°C.
It then rose slowly and remawned between 257 and 28 C. until trans-
fusion after which 1t began to rise

Barz. Would you agree that 1f the precooled animals were transfused
with the volume of blood shed, at 4 or 5 hours as the control dogs were,
they mght have shown a higher survival mte?

Fine These were transfused

Baez. They were transfused at 8 hours?

Fie They were transfused after 8 hours and none survived

Fremont Smith  If they were transfused at 4 hours, rather than 8
bours?

Fne Perhaps they would. I am not prepared to say

Pillemer Dr Fine, it seems to me the antmals precooled and carnied
1n hypotenston for 4 hours all recovered I think you have experiments
showing that.

Fme 1 shall show more data 1n another table

Nickerson  Can the apparent resistance of the precooled animals
be related to differences in therr prmary and secondary bleeding
volumes?

Fe Yes there 1s 2 difference in the amount of bleeding I shall
come to that soon What 13 the effect of precooling upon the animal s
resistance to mjected bacteria? As I said before, normal dogs given
an mtravenous dose of E. colr survive unscathed.

But if they are exposed to 2 hours of shod. and given the same
intravenous dose of bacteria there 1s a 100 per cent mortabity Death
occurs from 1 to 4 days later ‘This s true whether the bactena
are given during shod oc after transfusion.

When these experiments were ted tn precooled animals 75
cent survived when the bactena w:ff;,cacd vl:lulc the temperature vg:rs
still Jow that 1s to say duning the 2 hours of hypotension This could
mean that the hypothermia merely ihibited multiplication of bacteria.
But when bactena were injected after the transfusion, 1e., when the
temperature was bad to nommal, the animals were also protected
Therefore 1t can be said that hypotherma sustained the integnty of
the bacteriidal mechanism (Table XX)

Nickerson  You indicated that there were significant differences 1
the bleeding volumes which suggest that 2 hours 1n shock actuslly
subjected the hypothermic ammals to less stress than the anmals with
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Nickerson  How many animals were 1n these groups?

Fime They are a substantial number, and the results are almost
uniformly the same n each group

Leume Dr Fine, would this suggest to you that the early shod.
death 15 not bactenal while the late death 1s bactertal ? Pre.
cooling allows the ammals to survive 30 hours but recoolng 1n
addition to an antibiotrc gnen at the tme of transfuson which
ordinanly 1s not effectn e protects them after the first 30 hours

Fie Yes

Letme Would that suggest, n general that early shock death s
something that can be prevented by precooling while the late shock
death has a bacterial element?

Fme 1 misunderstood you No the bactenal element operates in
both cases  The time of death depends on the 2mount of toxin and the
rate at which increasing sensitvity to toxin develops

Shorr 1think Dr Levines Eoult 15 worth further thought

Green  Would your animals tolerate 40 mm Hg or whateser the
level 13 for 8 hours before they took up 30 per cent?

Frne They did not take back blood i significant volume even after
8 hours As a result the experiment took all day so instead of wasting
to see 1f decompensation would appear we transfused arbitranly
at 8 hours and obtained a good response only to observe subsequent
collapse and death after an average of 30 hours

May I pont out now that 1n the early experiments with prophylactic
antibiotic therapy about 15 per cent of the arumals died within 36
hours after an apparently curative transfusion If they survived for
48 hours they survived indefinutely

Shorr A description of the way these aumals die 1s needed before
we an relate this phenomenon to what 1s generally agreed upon as
death from shock

Tme We have no hemodynamic data from which we cn tell
whether or not these animals died tn shock, but they appeared to

Rmsely Dr Fine shows dearly the significance of bactena in the
whole phenomenon, but the mechanism of death has not yet been under
staod by us

F'me 1 think the death 1s caused by sepsis  Sepsts develops because
the bactenaidal mechanisms are inpured by the shock process Death
from sepsis 1s usually preceded by the development of shock

Hurst Would you let us know the nature of the precvoling?

Frne Yes These anumals were packed tn ice under ether anesthes
until the body temperature dropped to 28°C. Etherzation was then
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discontinued and the animal was allowed some 30 minutes to blow it
off Thereafter the ammal wgs bled ,
«tb His temperature decreased

II:‘IIZ:‘ The temperature continued to fall and leveled off at 23°C.
It then rose slowly and remained between 25° and 28°C. until traos-
fusion after which 1t began to rise.

Buaex. Would you agree that 1f the precooled antmals were transfused
with the volume of blood shed, at 4 o 5 hours, as the control dogs were,
they mught have shown a higher survval mate?

Fine These were transfused.

Barz. They were transfused at 8 hours?

Fise ‘They were transfused after 8 bours and none survived

Fremons Smuth  1f they were transfused at 4 hours, mther than 8
hours?

T'me Pechaps they would I am not prepared to say

Pillemer Dr Fine it seems to me the anunals precooled and carried
1n hypotension for 4 hours all recovered 1 think you have experiments
showing that.

Fme 1 shall show more data 1n another table

Nickerson  Can the apparent resistance of the precooled animals
be related to differences m their primary and secondary bleeding
volumes?

Fine Yes there 15 a difference in the amount of bleeding I shall
come to that soon. Whatuﬁ:ecﬂ'cctof‘fmcoohngupon the animal s
resistance to injected bactena? As I satd before, normal dogs given
an ntravenous dose of E cols survive unscathed

But if they are exposed to 2 hours of shodk and given the same
intravenous dose of bacteria there 1s a 100 per cent mortality Death
occurs from 1 to 4 days later This 15 true whether the bactena
are given during shock or after transfusion.

When these experuments were repeated sa precooled anmals 75 per
cent survived when the bacteria were 1njected while the tem e was
stll Jow that 1s to say duning the 2 hours of hypotension. This could
mean that the hypothermia merely inhibited multiplication of bactena.
But when bactera were mnjected after the transfusion 1e., when the
temperature was back to normal, the anunals were also protected
Therefate 1t can be said that hypothermia sustamed the mtegnty of
the bactericrdal mechamism (Table XX)

Nickerson Y ou indicated that there were significant differences 1n
the bleeding volumes which suggest that 2 hours 1n shock actually
subjected the hypothermic antmals to less stress than the animals with
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Nickerson How many anunals were m these groups?

I'me They are a substantial number and the results are almost
untformly the same n each group

Letne Dr Fine, would this suggest to you that the early shock
death 1s not  bacteral while the late death 1s ‘bactenal ? Pre
cooling allows the ammals to survive 30 hours but precooling in
addition to an antibotic gnen at the time of transfusion which
ordinarly s not effective protects them after the first 30 hours

Tie Yes

Letne Would that suggest 1n general that early shoch death 1s
something that can be prevented by precooling while the late shock
death has 2 bactenal element?

Fme 1 misunderstood you No the bacteral element openates n
both cases  The time of death depends on the amount of toxin and the
rate at which increasing sensitivity to toxin develo

Shorr 1think Dr Levine s pont 1s worth further thought

Green Would your amimals tolerate 40 mm Hg or whatever the
lesel 1s for 8 hours before they took up 50 per cent?

Fie They did not take back blood 1n significant volume even after
8 hours As a result the expeniment took all day so mstead of watmg
to sce 1f decompensation would appear we transfused arbitranly
at 8 hours and obtained 2 good response only to observe subsequent
collapse and death after an average of 30 hours

May I point out now that in the early experiments mtl;rmphyhcﬂc
antibiotic therapy about 13 per cent of the animals died within 36
hours after an spparently curatne transfusion If they survived for
48 hours they survined indefinitely

Shorr A description of the way these animals die 1s needed before
we can relate this phenomenon to what 15 generally agreed upon as
death from shoch

Fme We hase no hemodynamic data from which we can el
whether or not these amumals died in shock, but they appeared to

Kurely Dr Fine shows clearly the significance of bactena i the
whole phenomenon, but the mechanism of death has not yet been under
stood by us

Fie 1 think the death 1s caused by sepsis  Sepsis develops because
the bactencidal mechanisms are injured by the shock process Death
from sepsis 1s usually preceded by the development of shock

Harst Would you let us know the nature of the precooling?

T'me Yes These ammals were pached 1n ice under ether ancsthesia
unttl the body temperature dropped to 28 C. Ethenzation was then
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discontinued and the animal was allowed some 30 minutes to blow it
off Thereafter the antmal was bled

Hortath His temperature decreased? .

Fime The temperature contmued to fall and leveled off at 23°C.
It then rose slowly and remaimed between 25 and 28°C. untul trans-
fuston, after whuch 1t began to rise.

Baex. Would you sgree that 1 the precooled antmals were transfused
with the volume of blood shed, at 4 or 5 hours as the control dogs were,
they might have shown a higher survival rate?

Fine  These were transfused.

Baez They were transfused at 8 hours?

Fme They were transfused after 8 hours and none survived

Fremont Snuth  If they were transfused at 4 hours rather than 8
hours?

Fine Pethaps they would I am not prepared to say

Pillemer Dr Fine it seems to me the animals precooled and carried
1n hypotension for 4 hours alf recovered I think you have experiments
showing that.

Fine 1shall show more data 10 another table

Nickerson  Can the apparent resistance of the precooled ammals
be related to differences o their primary and secondary bleeding
volumes?

Fine Yes there s a difference tn the amount of bleeding 1 shall
come to that soon. What s the effect of Emcoolmg upon the animal s
resistance to njected bactena? As I said before, normal dogs grven
an wntravenous dose of E colr survive unscathed

But iof are exposed to 2 hours of shock and given the same
intravenous dose of bactera there 15 2 100 per cent mortality Death
occurs from 1 to 4 days later Thuis 15 true whether the bactena
are given during shock or after transfusion.

When these experiments were repeated 1 precooled anumals 75 per
cent survived when the bacteria were injected while the temperature was
stll low that 15 to say dunng the 2 hours of hypotension. This could
mean that the h; merely inhibited multiplication of bactena.
But when bacteria were injected after the transfusion, re. when the
temperature was bad. to normal the amimals were also protected
Therefore, 1t can be sard that hypothermia sustained the integrity of
the bacterscidal mechanusm (Taﬁ: XX)

Nuckerson  You mdicated that there were significant differences in

the bleeding volumes which suggest that 2 hours sn shock actually

subjected the hypothermic animals to less stress than the anmmals with
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TABLF X2

Fffect of Hypothernua Upon Resmstance to Bacteria Civen
During or After Shock of 2 Hours Duration*

Ne. of Suninors

Group
e Dogs Numbet | Per Cent

I | E. Colr intravenously in normal
dogs 10 10 100

i 2 hour shock 1 pormothermuc
dogs 10 9 2

I 2 hour shodh 1n normothermic
dogs E colr intravenously
during shock or at any time
up to 24 bours after trans-
fusion 30 (] 0

IV | Hypothermia (28 C) mduced
pror to 2 hour shock E colt
intravenousty  duning  hypo-
tensive period — warmed to
normal temperature after
transfusion 8 6 75

v Same as Group 1V except E. cols
gren after body temperature
was bad. to normalt 14 1 9

1

Hemorthapx shack—bleeding o blood pressure 30 mm Heg £ 1 hours folkmed by
trarsfusion of all shed blood.

$These experiments inclode—fuour i whech & cagulie-poutne heme Iyt Sraphyleses
cxt asres was gved  The rocovery rate r ahand the ume for thn 8 for L rolr
pocmothermy and hypotheroue dogy

Repnnted by permussion, from frank. £ D Davidefl D Inedmun E and
Fine ] Resistance to hacterna in hemorchap shock 1V Effect of hypothermua
on claarance of intravenously injected bactena. Proc Soc I'eper fiol & Med
o1 RS (193¢)
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normal body temperature. This difference may be important 1 inter
preting the results

Fine That 1s true, but we have expenments in which the antmals
were first bled way down and then cooled These anumals &lso survived
for 30 houts The protection 1 the precooled animal 1s, therefore, not
due to the smaller Elood loss

Horvath Is the number of antmals you have, Dr Fine, representative
of the tots] number of animals you used 1n your cooling experiments
or are these just those which survived cooling itself? Because certanly
the average results of most people 1n just cooling alone give about
50 per cent survival md:s;}c;zfmture down to 23°C.

Fine In what lund of ?

Horvath  Just cooling by itself Yet with shodh supplemented
by cooling almost all your ammals survive that lcugf_g of time
Yourperc:ntag:uurftow Do you think it 15 the hypotensive
state that you have induced which has prolonged or increased the sur
vival rate of even the cooled antmals?

Fme We cooled these aumals to 28°C. before shock They re-
mamed at or below this temperature for only 2 hours I think the
mortality rate you have m mind apphes to animals cooled for 2 much
longer period of tume

Hortath 1 am rather surprised at that because of the experience of
other groups Thuist}n;rl{)ygmupofexpmmmtsllmwscmwherc
survival has been so good

T'me Ths 1s the only group 1 which the cooling was for only
2 hours

Horrath  You stopped the cooling at 28 C. and then they coasted
down for ancther § degrees?

Fe After they reached 28°C,, they were put into shodk for 2 hours
The temperature during this period fell to 23°C. then rose from 23°
to 25°C,, and then stayed between 25° and 28°C. At the end of
2 hours they were transfused and the temperature went up

Fremont Smuth  They were below 28°C. for 5 or 6 hours?

Fme They wete below 28 C. for only 2 hours

Berch Dr Pillemer how do you do the assays?

Pillemer We employ the standard zymosan (15 assay and also
ched. samples i the bactersadal assay and aganst PNH red cells

Burch you use human erythrocytes?

Pillemer Yes PNH cells are human cells

FPine The data already presented suggest that hypothermua protects
the shocked anumal by virtue of its capacity to pryc?;nt m;urypto the
enzyme systems involved in the bactenadal mechanisms  These data
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fumish indirect evidence of the validity of the gencral thesis proposed
There are more direct w ays to measure the integnty of the antibactenal
mechanisms and one 1s by the assay of properdin  As shown
Table X1 the properdin titer does not fall duning shock if the anmal
1s precooled  There are only a fen such expenments to date * One
arumal had 2 low properdin titer to stact with, and tt remained low

Horvarh  These experiments differed from others whete you only
taol. a single blood volume out, Dr Fine?

Fme No these antmals were hept 1n shock for as long as 6 hours.

Hortath At 2 mean arteral pressure of 37 mm Hg to 45 mm Hg?

Fne Yes

Nickerson 1 do not quite understand the procedure by which you
tnduced shock. The mean pressures are considerably higher and there
appears to be considerably more pressure fluctuation than 1n your eacler
expeniments Do these expenments differ from your earlier ones?

I'me Yes The properdin assay cannot be done on heparnired
plasma or serum  Without hepann we could not use the reservols
technique  The bleeding had to be done by remosing blood with a
needle and syringe as required to produce a blood pressure of 30 mm
Hg By ths method one cannot mamntan the pressute umformly at
this level, so 1t fluctuates to some degree

* A subseqoent sddihonal serres of six cxperiments gane the ame results,

TABLF XXI

Properdin Titers of Dogs Subjected to Hemorrhagc
Shock During Hypothermiz

Artern! Pressure Properdin Titers
Dog Body Bleeding (mm Hg) During Shock
No Temp Volume

(ml/xg)

Mean  Range  Imad  2Hr | 6Hr

P52 | under 37 45 3060 12 12 12
2°C |
_—*_ —_—r —— - —_ ———
P53 | under 39 40 3060 12 12 12
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Nickerson Your pressuses are measured from a besc line somewhere
in the thormx?

Fine Femoral artenal pressure,

Nickerson The zero point selected 15 very wmportant n cvaluating
blood pressure figures 1n hemorthegic shock expeniments A difference
of just n few centimeters 10 the base line, & few mullimeters of mercury
1n the cffective pressure, may determine whether an animal survives,
goes 1nto wrreversible shock or dies from acute respiratory failure.

Frank These are agamst heast levels

Shorr Tud the last anmpals survive or die?

Fine The precooled antmals?

Shorr Yes

Fme 1do not recall We did not do survival studies on these, just
properdin assays

I wish, now to say just & Little about the cardiovascular dynamics
For example Tzble XXII shows 2 pormothermic anumal prior to shock
with a cardiac output of 3592 mL/min under ether and hypothermua st
fell to 1909 ml /min. Shock was then gdded and the cardiac output
fell to 2 fantastically low level. The stroke ontput was 3 ml /minute’
The peripheral arculation was almost at a standstill and yet the animal
survived after transfusion.

The date I wish now to present show that 1n the absence of bacterial
toxin an ammal can tolerate shock caused by loss of & plasma filtrate for
a very much longer period of time than it can tolerate shock caused by
whole blood loss

Septic peritonttis was (nduced by the intrapenttoneal mnyection of 15
ml of a fecal suspension  Figure 13 shows a typical expenment. The
blood pressure began to fall at about 3 hours, reaching 60 mm. Hg
at 6 hours The pulse rose and the temperature fuctuated unevenly

There was & severe fall in plasma volume but the red cell volume
did not change much Cardiac output fell to a very low level the
peripheral resistance increased, and the AV oxygen difference rose
substantially The fluid loss was all 1to the peritoneal cavity Death
occurred after about 9 hours of severe hypovolemic shodk

When we treated the ammal for oligemuc shock by flud therapy
alone by 150 ml. increments of plasma given at the beginning of shock
and about exery half hour theteafter Little good resulted The situation
was virtually unchanged even though the plasma volume defiat was
kept within the nonlethal range Death occurred within 12 hours

(Tigure 14)

It nstead of giving flurd we gave antibiotic 1 advance of inducing

the pentonttis, and nothing else shock developed the hemodynamic
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Figurr 13 Hemodynamuas of untreated hypovolemic septic shoch. (experunental

tonitis) resentatrve example. Reprinted, by pemusston, from Frank,
D llu‘ufmﬁ?’Dﬁ}\omnn.H..Sdlwum:g F., Frank, H. A., and Fine,

Effect of antibichcs on hemodynamits of hypevolemuc septic shock. Am | Phy
srol 182, 166 (19553)

data were about the same as when no antibiotic was given, the plasma
volume fell to 50 per cent of normal cardiac output was way down, and
the hematocrit way up The dog remamed 1n deep shodk as long as
12 hours but then slowly recovered (Figure 15)

Fremont Smuth  1n shock, by what definition? He hasa t Jow blood
pressure

Fie That s true A well sustamed though less than normal blood
pressure 15 characteristic of the early phase of this type of shod. as 1t
15 of tourniquet shock, and any other type 1 whuch the blood volume
loss 15 almost wholly 2 plasma rather than whole blood loss In the
dog treated with antibiotic, the fact that the blood pressure did not fall
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Ficure 11 Hemodynamics of hypovolemic septic shock (expenmental perito
nstis)  Representatre example of cffext of plasma infusions, (At the astetrih
not phrine was ad ed ) Reprnted by permussion from Frank L. D,
Lautman, D.. homman, H Schweoburg, F Frank, H A, and Tine | Difect
of antibrotics on hemadyamzcs of hypovolemic sepuic shock. As ] Phyrol
182, 166 (193%)

to really low levels suggests that the arculation was not betng further
damaged by bactenal toxins

Fremront Spth Y ou sad he has been 1n shodk, 12 hours 1 do not
understand w hat you mean

['me The dog loses a tremendous amount of fluid into the pentoneal
cavity during; the first few hours and there 1s mached hemoconcentra
tion
Fremont Smb  He has not been n shock according to the usual
defimtion of shock
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Representative example of effect of m})hyhtb:mﬁbmtlc Re-
noted, bépc:mlnm, fromPanL,F.D., lfxuman,D., Kounm,mwan
Eurg.P rank, H. A, and Fine, |  Effect of antibiotics on hemodynamics of

emuc septre shack. Am | Phynol 182, 166 (1955)

Fine 1am definng the charactenistics of one kind of shock, the kind
we are dealing with here,

Fremont Smsth A new definition of shock ?

Fipe No What [ am saying 1s that 1 terms of flow through the
petipheral arculation, this animal was severely deficent.

mont Smath ‘The same Jand of peripherat fiow a3 1f he had been
n ?

Fine I stated here scveral years ago that by the term  shock 1
meant an acute and persisting deficiency of flow through the peripheral
arculation

Fremont Smuth  Irrespective of blood pressure?

Fre Irrespective of blood pressure. In these terms the data bear
out that definition
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Kaufman D, hormun H Schwemburg F Frank, H A and Fine J  Effect
of antibrotics on hemodynamus of hypovolemy septic shack. Aw | Phyim!
182, 16¢ (1931

to really fow levels suggests that the circulation was pot being further
damaged by bactenal toxins

Fremont Smuth  You sard he has been in shock 12 hours [ do not
understand what you mean.

Fine The dog loses a tremendous amount of flund into the pertoncal
cavity dunng the first few hours and there 15 marked hemoconcentra
tion

Fremont Smutl He has not been 1n shock  according to the usual
definition of shock
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F Fraok, H A. and Fioe, | Effect of antibotray 00 hemodynama of
hypovoletnuc septic shock. Am | Physol 182, 166 (1933)

Fie 1am defining the charactenstics of one hind of shock, the Lind
we are dealing with here

Fremont Smith A new definitron of shock ?

Frwe No What I am saymg 1s that i terms of flow through the
peniphenal arculation this anumal was severely deficient

Fremont Smub The same kund of penpheral flow s if he had been
wn shodk ?

Fime 1 stated here several years ago that by the term  shodh I
meant 2n acute and persisting deficiency of fow through the penipheral
arculation
Eremout Smutb  Irrespective of blood pressure?

Fme Trrespectnne of blood pressure In these terms the data bear
out that definition,
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Fremons Smuith - This 1s only within that definition, which 1s nat
the general definitron, 15 1t

Tme Iwill stand on what { have said that the dog pretreated with
antibrotic was 1 shock

Horrath Hypothermia 1s a state of shock?

Fme No

Nickerson 1t would fit the defimtion you just presented

Tremont Smuh 1t fits 1n your defimtion, 1n a way

Tme It fits the defimtion 1n 2 way  To discuss this pomnt would
require considerable time 5o 1 will answer brefly by saying that in
hypathermia the circulation ss slow but nos deficrent When we speak
of a deficiency 1t seems to me obvious that we mean deficient with
respect to tissue demand  The demand 15 low 1n hypothermia ot 1
normal in the normothermic ammal

Rnusely Where 1s the cardiac output shown?

Tine  The cardiac output ts high to start with and it falls steadily
to a level which in hemorrhagic shock of much shorter duration,
usually 15 inconsistent with survival

Lerme Dr Fine 1n the animals with mawmtenance of blood pres-
sure and 1n those in which the blood pressure fell was the oxygen AV
difference measured?

Fine Yes

Lerme Was at also raised?

Tme Yes it was very hugh It rose from about 3 up to as many as
12 volumes per cent

Rnsely Dr Tine up to now you have been discussing hemorthagic
states and 1n general 1 should think the red cells were not agglutmated
n straght hemorshagic shock Do you know whether they were
agglutinated

e No we did not took for a[f[utm:twn

Barch  Did the dogs have such a large cardiac output because they
were large and frightened?

Tme ‘The cardiac output vanes from 3 to 3 liters in the arcumstances

Burch Were the dogs large?

F'me Most of them were large dogs

Burch Do you know the cardiac output in a sleeptng dog?

Fme No All had an average dose of morphinc 2 hours before xe
started the experiment

Sribantra Were the dogs in chinical shock

Tme You mean did they have cool extremuities? Yes and they had

le cyanotic mucous membrancs

Horratl  Were the rectal temperatures 10% F 2
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Fine The rectal temperature was 105°F at one poimnt 1n one case
Whether the fever 1s high or moderate or low the mucous membranes
look as they do 1n hemorrhagic shock.

Fremont Smith A pattent 1n typhotd vacane fever with temperature
rstng to 105°F wall Jook cxactly as though he were i shock and hus
blood pressure will be down, too

Horvath The blood pressure 1s not down, but the cardiac output 1s
down,

Fine If one blanches the mucous membranes one sees very sluggish
return of flow

To me the data given 1n Figures 13, 14 and 15 signify that a dog
can remain in deep hypovolemic shock for many more bours than a dog
1n hemorrhagic shock, and still survive so long as the circulation remains
free from the influence of toxins

Shorr  What was this dog under the influence of then?

Fie The dog was under the influence of antibtotic.

Shorr No you injected 2 toxun or bacterta.

Fine We mnjected a suspension of bacterte, perhaps with some toxtn
and whatever else there may be 1n a fecal suspension

Shorr Largely bacterta let us say

Fme Largely bactena.

Shorr What was he under the influence of that gave hum all of these
profound changes? And what was he protected against?

Fre Do you mean the dog that recetved antibiotic?

Shorr The animal you just referred to

Fine 1 think he was under the influence of an trrtant that produced
a severe oligemia

Shorr  Any relation to the bacterta?

Fme A fecal suspension 1s a mixture of dead and living bacteria
and their metabolstes, split products of fat and protemn and carbo-
bvdrates cellular debns etc Only bactenal activity 1s suppressed by
the antibiotic The rest of the activity 1n that suspension s allowed to
act That 1t does act 15 shown by the fact that 2 large volume of fluid 1s
lost 1nto the perrtoneal cavity and the animal develops oligemic shodk

Shorr So he 13 under the influence of something other than bacter:a?

Fne Yes

Shorr Which produces something agamst which an antibiotic pro-
tects Is that right?

Fme No 1t 13 not correct to put 1t that way

Shorr How would you like to put 1t?

Fine  The antibiotic protects against bacterial activity i the mjected
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suspension. The other praperties of the injected substances are able to
induce severe hypoyolemsc shock.

Lessme How do you explain the maintenance of the blood pressure
tn view of those changes?

Fine 1do not know except to say that n the eacly stages plasma
15 lost, but not red cells. The resulting high blood viscosity tends to
increase peripheral resstance. Later when collapse of the arcula
tion from bactenal toxins should be occurnng no collapse occurs
so that the blood pressute does not fall much more. To the extent that
blood pressure falls 1n responsc to a state of uncontrolled sepsts, t
does not fall in the presence of an effective antibrotic.

Fremont Smuth 1 should like to make one comment here tn connec
tion with these two dufferent kinds of shock that 1s the kind of shock
assocrated with 2 low blood pressure and the kind of shock that you
speak of which does not have to have 2 fow blood pressure It seems
to me one essential difference 1s 1n respect to what 1s happening to the
central nervous systen  The kind of shock associated with a low blood
pressure exposes the brain to certan difficulties and certain reactrons
whereas the hind of shod. associated with the high blood pressure s
presumably deln enng to the brain an adequate amount of blood and 1t
seems to me this 1s one difference to be thought of There are probably
other differences too

I'me 1 do not deny that these other things you describe may be
occurning but the main point about the shock we are dealing with here
15 that the rate of flow through the tissues 1s grossly deficient whatever
the blood pressure

Tremont Smuth  Through the bramn.

Tme 1should say everywhere We have evidence that flow through
the brain 1s better than 1 other parts of the body But 1n terms of
normat values, flow 15 defiaent evenvwhere (16}

Asrsels  There 1s one situation 1n which human baings recetve feces
into the arculation. Lushbaugh and Steiner (17 20) have shown that
meconum sometimes gets into the matemnal airculation at the time of
birth, and that this matertal sometimes plugs up great numbers of the
tips of pulmonary arteries thereby reduaing the flow of blood through
the lungs and forcibly reducing the filling of the left heart Thrs 1s
the direct cause of one type of maternal arculatory shock and death
Do you think that perhaps partial plugging of pulmonary 2

feces contributes to the low cardiac L4

Fire No in this casc wenject ston into the

ety Meconium 15 a stenle substay the mothe

\euns
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Dobson It seems to me that there 1s 2 tendency here to believe that
there cannot be a low cardiac output and blood fiow with 2 pormal
blood pressure I should like to say that in Dr Warners and my
expeniments with bum shock (2124) we get immediate reductions
m ardiec output These pronounced reductions m total body blood
flow have been poted within 10 munutes and the flow may fall to as
low as one seventh of the preburn cardiac output with essentully normal
blood pressure Incidentally, blood pressure usually stays normal for
several hours 1n spite of the reduced output from the heart So 1t looks
as though we may be getting 1nto difficulty with a definttion for shock
In bums there 18 a situation m which the general arculation, as measured
by the cardiac output and liver blood flow 15 probably tsuffictent for
the body needs On the other hand in shock accompanied by hypo-
thermia there mey be a greatly reduced cardiac output, but the reduced
need occasioned by the hypothermuc state may well create a situation 1n
which this reduced blood flow 18 not 1 defictent one.

Bradley You mean every time you stand up cardiac output falls?

Dobson 1did not say that & fall in cardiac output was shock 1 said
I think maybe we need another definition or maybe we just cught to stop
using the term.

Fremont Snth We should say shod. with respect to and say how
we are defining st. Dr Fine does that When he says shock, he defines
the term as deficent penpheral carculation regardliess of anything
else  Ths is the only criterron he uses  Other people use other entera.
It seems to me 1t 13 very important that we say what criterton we are
using When we say hemorrhagic shock, we are ot measunng it in
terms of peripheral crrculatron, but of blood pressure at a certan level

Fme 1am dealing fundamentally with peripheral flow There are
situattons 1 which the blood pressure does not fall significantly yet
deficient flow 1s present  Thus 15 not the case 1n hemorrhagic shock but
tt 13 true of tourniquet shodk. and 2s Dr Dobson says, of bum shock.

Tissue damage occurs 1n all of these conditions But the tissue dams,
due to deficient flow can be tolerated for much longer 1f toxns can
excluded The absence of toxins 1s what protected these dags from
death They recovered from hypovolemuc shock as # result of reabsorp-
tion of the flutd 1n the peritoneal cavity  If they could not reabsorb this
fluid and none was available from other sources they would of course
eventually die

Barch Do you have any informatton about the vemns?
Fie No

Basib Do you know 1f venous tone changes?
Fime No
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Brrch Y ou say the arculation 1s deficent but actually all you know
1s that blood supply was less

Fine In terms of the fall in cardiac output 1¢ to 25 per cent of
normal I consider the penipheral flow severely defictent  This 1s shown
also by the fact that the AV difference remamns very high n these
anmals

Burchk  This seturns to the hypoxic state mentioned by Dr Shorr
There was less blood supply but have you actually shown there was an
inadequate amount of blood reaching the vital structures?

Fe 1 offer the suggestion that 1f the tissues require 5 liters but
are getting only 1 liter and the A V difference 15 very high the tissues
are suffening for lack of sufficient blood

Green  Havent we gone through the complete cycle which we
started m the conference the first year by setting up states of shock and
one was a state 1 which the mean artertal pressure was normal but the
carduac output was below 2 level which would sustain a posthemorrhage
antmal? Do you remember?

Fine Yes

Bwrton At the first conference we decided that there are many ways
of charactenzing shock with short words and that we should use them
for example, hypotensive and  npormotensive shock By use of
simple words like this then we could remove some of these difficulties

Shorr 1recall Dr K J Franklins asking at the beginning of the
first conference "Would 1t be possible for you to define shock before
we start?> I felt that the necessity to provide definitions on which we
could all agree could casily consume the entire session’!

Tme  Gning the antibiotic after induaing shock was of no value m
these dogs  There were simular results from this difference in timing 1n
hemorrhagic shoch  We tried to 2nalyze the way n which timing the
antibiotic affects the result 1n another way as follows

Normal and shocked rabbits were exposed to their respective

M L.D /100 doses of E. Colr toxin as I have already described Antibe
otic was piven parenterally 1n advance 1n four ways to groups of ten
anwmals each In the first group it was given 4 hours before the toxin i
the second at the same ttme 1 a separate sein and an the thied at the
same time 1n the same vetn the toxin and antibiotic having been mixed
1 hours beforchand and kept at § C. for 4 bours before injection
Table \\III shows a 30 per cent sunvnal rate even with doses up to
twice the M LD /100 1n both the normal and shocked rabbits given
antibtotec with or prior to the toxin  The antibtotic did ant protect
agatnst 3 tmes the M LD /100

Table \\HI shows that in the fourth group of rabbits the non
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absorbable antibiotics baatracn and  polymyxin, given orally for
severn] days 1n advance of the challenge dose of toxin and also shortly
beforehand, acted as well as those given parenterally This action can
be said to be related exclusively to an effect upon the intrantestinal
flora

Shorr Can you say absolutely nonabsorbable ?

Fine @thmnk so According to the literature, they are the only ones
that are nonabsorbable About 3 per cent of ncomyan does get ab-
sorbed

Fremont Smath 1t mught be absorbable 1n 2 shocked animal rather
than 1n a normal animal.

Fine Except for some slowing of absorption caused by shodh, there
18 1o reason to expect the effect to differ 1n the normal and shocked
ammal.

To a fifth group of dogs not shown m Table XXIIT antibiottcs were
gven 30 60 or 50 minutes after the toun There was no protection
whatsoever

The difference in the result from differences 1 timing the antibiotic
13 a2 tantelizing puzzle The results might be interpreted as follows
The fact that the nonahsorbable antibiotics are equally effective indicates
that bactersal 1nvasion from the intestine 1s a continuous process and 1s
involved in the death from an M.L.D of toxin In the healthy state these
bacteria are being continuously destroyed and their endotoxins neutra
Irzed. If an M LD of toxin 1s given, 1t temporanly impates the bacterial
defense mechanisms, so that any more toxin released soon thercafter
from invading bactena cannot be neutralized and acts to paralyze some
vital function, with death resulting 10 8 to 24 hours With an effective
antibiotic already present, no more toxin can be released. But if a
short interval after grving the toxin 1s allowed before giving the anty
brotic, an additronal dose will be gencrated This dose, however small
will be fatal if there 15 no defense whatever avauable ot the time. This
View was supported by the following expenments, 1n which no anti
biotic was given One hour after a nonlethal dose of toxin was given,
1 second dose was admunistered  Thus was fatal 1 most cases even
when this second dose was as little as 1/128 of the first dose and the
sum of the two doses much less than one MLD This second dose
however did not Lill 1f an antibiotic was given along with the first
dose. Antibiotic was not necessary to protect against the second dose
£ the second dose was grven after 4 hours 1astead of after 1 hour  After
“’;L“OI:"; ltu;zimvcd quite harmless These observations are n line with

raude s observations* that bactersal toxin d leukocytes
. estroys leukocyt
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Those which disappear are replaced by others when the toxin has been
removed from the circulation by the reticuloendothelial system  This
occurs within 4 hours

Much of what ts occurring here will be shown exentually to apply ta
the state of rereversibility to transfusion in shock.

The valdity of much of the speculatron I have here indulged m
depends upon the magnitude of absorption from the gut either of toxn
or of bactena  That bactena, in fact get 1n was directly demonstrated
by the following observations Rats were subjected to mild muscle
trauma 1nflicted by 2 few hammer blows upon the thigh Others were
subjected to this trauma and then put into reversible hemorrhage
shock, 1¢., 2 hours of shock follcmv:nrby transfusion. Rats like dogs
and rabbits survive of transfused after 2 hours of hemorrhagic shock

Both groups of rats as well as pormal rats recened a dose of
Streptococcns 11rdans diectly into the gut No bactera were found
anywhere n any of the normal rats or those with muscle trauma  Bat
some were found in the shocked rats with muscle trauma Therefore,
bhactena are absorbed from the gut into the arculation, and they thrive
tn the blood and traumatized muscle of the shocked rat because the
bacteriadal mechanisms are mpaired

Further data on this posnt ate the followtng ohservations on tour
quet shoch in the rat  Table XXIV shows that normal rats in shack
after re to tourniquets for 414 hours die  Most of them at death
show gannd/um ueleh 1n the muscles of the legs and nowhere ¢lse
These muscles are stertle before the tourniquets are removed but
within 2 to 3 hours after removing them, C welehis are found and the
inaidence of positine cultures increases steadily until death I suggest
that the C u elchr come from the gut

If such rats are treated with water orally and saline lmnpcmnﬂully
most of them sunvive cven of the flurd s ﬁ’m administered as late as 18
hours after remoral of the tourniquets

Haist For how long were the tourmquets hept m place?

Tme Tor 41/ bours

Hast Quite different results are ubtained from 11 hour peniods of
tourmquet application n rats than from 10-hour application pcnodi

Tme Of course 1 have no doubt of that

Hurst Certam flurds which aid survival i the 4/ or 3 bour clamped
smmals are not as effective tn ammals clamped for lonper perinds

Ime We have had a similar expenence tn dogs  Saline therapy of
plasma was effectve for shock in dogs produced by a 11/, hour tourmt
quet But plasma even wn huge volume failed 1n shock h)l)uwm;; f r:]“
10-hour tourntquets because the dog's muscles become heavily nfect
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Harst Tt looks as 1if with the short period of clamping there 15 a
strasght fluid loss factor

Fme Yes. In the rat 1t 1s pnmartly dehydmtion shock because simple
saline therapy 1s effective  The presence of C uelebn indicates that
ctther they are not very virulent or that the animal s resistance to them
15 not sertously impatred.

In the next group of experiments the rats were oot given flud but
aureomyan was gtven prior to the application of the tourniquets It
did no good, 1n spite of the fact that C uelchn were prevented from
surviving 1n the muscles In other words the flud deficit 15 the primary
need and the bactenal factor 1s of minor o ence

If aureomycin and flud therapy are combined, there 13 a perceptible
difference 1n the surveval rate. Instead of 70 per cent with flud therapy
alone we obtained an 88 per cent survival rate. Giving the aureomycin
perhaps adds  little protection

Shorr That 1s protection 1n that small series of animals

Farchgotr  With mine ammals that is not a significant difference.

Fiue Nine 15 not & significant number  But 1f we lump all the rats
recerving flud therapy alone, there are thirty seven with 2 70 per cent
mortelity rate, and thurty six recerving sureomyan plus fluid therapy
with an 88 per cent survival rate. Thus 13 a real though minor difference
and 15 caused by suppression of the C welchu

The main pomnt 1s that this kind of mnjury 1s prmanly dehydration
shock and bacternal element 1s of small, «f any consequence

Table XXV shows that 1n hemorrhagic shock i the rat antibiotics
pven n advance protect as they do 1n the dog although not so effec
tively  Tolerance to hypotension 1s increased with aureomycin  The
survival time of nonsurvivors 1s prolonged and the mortality rate re
juccd considerably Peniallin 1s not useful in the rat, but 1t 1s 10 the

oL

It 13 commonly agreed that the rat s bactenadal potential 1s greater
than the dogs One of the reasons may lie 1n Dr Plglllcmcrs dgata on
their relative properdin titers Even so the rat s bacterscrdal mechansm
is tnjured by icreversible shock, whether resulting from tourmquets ot
hemorthage. Thus = normal rat will readily destroy certan intrave
nously injected bactera so will a rat with mild muscle trauma. A rat
in tourniquet shock will not do so well 1f challenged after having been
i shock for several hours As many as 33 per cent of such rats die
‘r’;l:g" d‘:éc;d;qu;tmmd therapy The same 13 true of rats 1n hemor

c or rs The mortality of
challenged by bactena 1s 100 per cent 1 of dogs 1n hemorchagic shodl
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TABLE \)\)

Tolerance of Rats Recen ing Antibiotics to Hemorrhagte Shock
(data are average values)

Max.
N Bleeding Duratron { g, ot | Suroal
. Vol of Rate Time of
Group | Antibiotic of (ml/ 100 Hypo- (pet Non
Rats £m body teauon cent) | wnnon
wt) (hr) (hr)
Control | No antibiotc) 30 33 3 13 Y
I " Aurcomycin | 20 32 74 40 1234
I [ Neomycin 14 2s 415 50 12
11 | Pentcillin 8 26 50 | 12 3l
|

Huast Dr Fine do you grant that tourniquet shock 1s shock result
ing from fluid loss?

Fme The 4l4phour tourmquet mjury produces a plasma filtrate
loss

Hutsr 1 you grant that we have then 2 reduction in cireulating blood
volume and the gencral cntena for shock Yt these amimals are ant
protected by pretreatment with aurecomycin Must you not grant then,
that the bactenial factor while it may enhance the course of development
of shod. s not fundamental 1o that course of development because
these animals dic despite the aureomyan?

Fme Which ones?

H.zst  The ones shoched for 3 hours

Fime 1€ they ate not gren flud of course they die

Hurst 1f they are given aurcomyan they sull wall die

Fme 1f they are not gien fluid they wall There 1s no reason to

aurcomyam to be a substitute for fluid

Harss What were your sunvnal umes an tiwne animals that were
shocked by 11/ bour tourniquet appliation

Fine  They sunne permanently of gen flod wathout flurd her
ate dead within 18 hours

Harsr What was the mean sunnval ume?
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Fine 1 do not know perhaps 24 hours

Hast They survive for quite & long while

Fme Yes they do Many are 2lve up to 48 hours.

Hait One can have nearly all the criteria of shock that are obtained
following hemorrhage and yet these animals die despite auseomyaia
Therefore, 1 submut that the wreversibility that develops, irreversibility
which will ulumately lead to desth of the organism, cannot be the
result solely of the infective factor as you postulate

Fme 1 do not understand your pomnt. The loss from the arculation
1n tourniquet shocl. 15 primarily a loss of some constituents of plasme
1e water some electrolytes and probably some proten whereas 1n
hemorthagic shod. the loss 15 whole blood Hence the injury to the
tissues 15 greater i the case of whole blood loss because less oxygen
1s beng delivered

Harst 'The fact of the matter 13 that these animals died

Fine ‘They die because of the absence of flmid ¥ do not know what
pomt you are making ‘They do not dic 1f they are given flud.

Skorr Dr Huausts point 1s that although the ansmals do not bave
bacteria to combat, they deteriorate 1n a state of arculatory failure. Is
that correct?

Hast Yes and I should also like to comment on the fluid therapy
If these animals are given saline as a single dose, a quite different effect
on survival time will be obtained then if it were given as a con
tinuous infusion over a period of 24 hours In rats with limb 1schemia
for a period of 5 hours 1f a single 1njection of saline or an myectron of
saline over a period of 2 hours 15 grven at a rapid rate there may be
about 17 per cent of the anumals surviving whereas 1f grven slowly
over a 24-hour period there may be 40 per cent survival

Frme We gave the fluid therapy in increments up to 18 to 24 hours

Dr Hardy (14) worked with Dr DeBakey and hus data should
be mentioned 1 connection with Dr Pillemer s dats on the difference
tn the properdin titer of dogs 1n different parts of this country Thus
w1ll be described by Dr DeBakey later in the discussion

Ausely Dr Fine bas shown that bactena hav e an effect upon survival
and upon shodk  So far I am not cominced that be has shown that
bacterta are cssential to produce either death or shoch 1 should like
to ask a totalfy unfarr guestmn There are places where anumals such as
monkeys and mice and guinea pigs are raised completely bacteria free.
Dr F)me, do you believe it 15 possible to put such animals 1n the shodk
state

Tme Dr 7weafach has done this and will discuss it later

Shorr May I'now tumn to another aspect of this problem which would
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suggest that the descniption of a substance as an antibwtic may nat
indicate all of 1ts actrons and that = hen inferences are drawn as to the
wfluence of such an agent upon an animal we should be prepared for

Shock and Cirexlatory Homiostasis

a possibly wider spectrum of actton than 1s implied by this term How

ever 1f we try to define the nature of antibiotic action e must admat
that unless it works 1n 2 mysterrous fashion which defies elucidation,
it very probably affects the metabolic actvities of the bactenal eell and
at the same time act upon the host at the ccllular level
With this 1n mind T have ashed Dr Baez to discuss some of the work

hence may

being donie 1n our laboratory at the present time
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AN INQUIRY INTO THE MECHANISM OF THE
PROTECTION AFFORDED BY AUREOMYCIN
AGAINST SHOCK*

SILVIO BAEZY
Depariment of Medicine
Cornell Untrersity Medical College and
Tgs New York Hospua
New York N }

OUR REASON FOR STUDYING the protection afforded against shock by a
vaniety of agents such as antibiotics, nerve bloching drugs etc. 1s to
clanfy the relationship of the hepatic ferntin systems to such protection.
The studies with aureomycin described herein were carried out 1 our
laboratory over the past several years

Hemorrhagic shock was induced by a method which consists essen
tially of graded bleeding controlled by a self infusion apparatus as
previgusly described (1) Blood pressure was maimtained at or above
70 mm. Hg for the first hour at 50 mm. Hg during the following hour
and at 30 mm Hg for the remainung 2 hours The amount of blood
shed duration of the maximal bleeding and amount of blood uptake
during the expertment were noted. Blood which had not been taken up
spof:;:?muﬂy at the end of the 4hour penod was gradually fosce
10

At the termimation of the expenment the neck wound was closed
and the animal returned to its cage  Animals still alive after 24 hours
were recorded as surviving

Fremont Sputh What anmals were used?

Baer. Female cuts of the Wistar strain weighing 120 to 150 grams

Fremont Smith  Were they anesthetized?

Baex  Yes They were given 23 mg of sodium pentobarbital mtra
muscularly

. tesearch grants from the National Instrtutes of Health, U § Public Health
Scnkeb(GrthW) the Josush M t Foundation !heEam:dxnnchsc ment
Davinon, Office of the Surgeon &q-mn:moflbe (Contract No DA49-
007 MD-328) the Armour Laboratones and the Postley Fund, skilled astistance of
AmH:dLmqu:mlmeha,dendahndth!Ihﬁenudiuumufully

tDr Lo member
rm\ffi'i'f"\' o(lh:anmn{Amhsmbgyﬁhrw\orkUniw:rmy
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AN INQUIRY INTO THE MECHANISM OF THE
PROTECTION AFFORDED BY AUREOMYCIN
AGAINST SHOCK*

SILVIO BAEZ*?
Department of Medicine
Cornell Unitersity Medseal College and
Tlt New York Hosprid
New York N 1

OUR REASON FOR STUDVING the protection afforded against shock by a
variety of agents such as antibiotics nerve-blocking drugs, etc, 1s to
clarify the relationship of the hepatic ferritin systems to such protection.
The studies with aurcomycin described herein were carnied out 1n our
taboratory over the past several years

Hemorrhagic s! was induced by a method which consists essen-
tially of graded bleeding, controlled by a self infusion apparatus as
previously described (1) Blood pressure was mauntained at or above
70 mm Hg for the first hour at 50 mm Hg duning the following bour,
and at 30 mm Hg for the remaumng 2 hours The amount ogblood
shed duration of the maximal bleeding, and amount of blood uptake
during the expennment were noted  Blood which had not been taken up
spontaneously at the end of the 4-hour pertod was gradually force
infused

At the termination of the expennment the nedh wound was closed
and the animal returned to 1ts cage. Animals shll alive after 24 hours
were recorded as survivy

Fremont Smith  What amimals were used?

Baez Female rats of the Wistar strain, wet 120 to 150 grams

Tremont Smith Were they anesthetized ? shiog

Baez Yes They were given 25 mg of sodum pentobarbital intra
muscularly

* Asded tesearch grants from the Natromal Institites of Health, U S. Halth
Service {Grant H79)  the Josah M r Foundation the Resetrch and Development
%mg’&eﬁkhm%ﬁﬁ?d%ﬁm (Coatract No DAA9-

Amour Labocatorres Postley The skalled assustance of
AmaHulmqum,lmFﬁdn,deuhRmdhunﬁngomthsem:dmnmtdully
?g;ﬂ;;&nm-munbﬂnfu:Dep:mofAmnimmlogyuNcw\orkUnhmhy
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Sborr The blood pressure 1s maintained at these levels by a reser
\olr system

Baez  Dunng the drastic hypotensne period (30 mm. Hg) the
amwmal's cardrovascular system was in free communication with the
blood reserotr The rat shed blood to a maximal level and, after 2
lapse of time, started to take up blood from the reservorr

Traumatic shock expeniments were carried out by the method of
Noble and Collip (2) 1n unanesthetized rats using 700 revolutions of
the drum at 44 rpm

When we started this sertes of experiments there was no tnformation
i the literature on the protective dose of aurcompan for the rat m
drum shock  We therefore used amounts comparable to those which
had been shown to afford protection against hemorrhagic shock in the
dog Table XAVI summanzes the data obtained with 15 mg or
100 mg of oral aurcomyan per 100 gm. body weight datly for 1
days with the same dose grven by gavage on the fitth day 2 hours
before drumming The survral rates were 33 per cent 1n the controls
and 30 per cent or 51 per cent respectively tn those recerving 15 mp
or 100 mg of aurcomycin  Thus only a modest 17 per cent to 18 per
cent improvement 1n the survinal from drum trauma seemed to be
afforded by these two dosage levels of the antiblotic

Subsequently we noted that Gydrgy ef ol (3) had obsened that the

TABLE XAVI

Effert of Oral Aurcomyein at Two Dosage Levels*
On the Qutcome of Drum Trauma in the Rat

Aureomyan ) None 19 mg,/100 gm | 100 mg/100 gm
Numbet of rats 126 ‘ 121 9
Numbet of rotations 700 ‘ 700 i 700
Number sunving {
at 24 hours 1@ ! 6t 25
| |
Per cent sunval ‘ X
at 24 hours 33 50 . 51
|
A revmyain 13 mg and o0 mgan f d daly o 4 dips and 13 mg amd 100 mg 109<C
tnely by ga ape boun b drem gaums
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contnued administration of aureomycin to rats sterilizes the intestinal
tract for only 2 short period of nme, the bactera becomung resistant
to the drug and returniag within 2 weeks  In view of this report we
repeated the drum trauma expenments at the end of 3 weeks of feeding
aurcompan  Table XXVII presents the results of this experiment, 10
which rats were fed 15 mg of aurcomyctn dadly for 3 weeks and 15
mg by gavage 2 hours before drumming The survival was 49 per cent
1n the surcomycin group as compared with 22 per cent m the controls
The mncreased survival 1n the treated group suggests that aureomyan
might exert effects other than its well known antibotic actron

Nickerson Wese the controls 1n this expertment given an equal
volume of saline or water by gavage?

Baez. Yes

Nickerson Was this gven to them 2 hours before the shock pro-
cedure?

Baez Yes, they were given the same volume of water as the expen
mental group

Green s there significance 1n the two sets of controls? For astance
10 one group you have 33 per cent and n the other group 22 per cent.

Baex There 1s considerable vanation 1n survival between wndtvidual
expenments  For example, the 126 coatrols 1 Table XXVI represent
15 groups 1n which the survrval was by no means 33 per cent in cach
group We have attempted to overcome this varability by increasing

TABLE XXVII

Effect of Chromic Feeding of Aureomyein* on the
OQuicome of Drum Trauma n the Rat

Aurecomycn None 15 mg/100 gm
Number of rats 36 39
Number of rotations 700 700
Number sun rving at 24 hours 8 19

Per cent survnal at 24 hours l 22 49
ms mg gven 30 food daily for 3 weeks end 15 mg by gavage 2 hours befare
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the numbers of rats in each of our series and by the consistent use of 2
parallel control group for each treated group  We believe that ths
prevents environmental factors and seasonal vanations from unduly
influenaing the results

Fie  May I ask what the raty are dying from? You sag drum
teauma. [s 1t drum shock? T was asled the same question about our
dogs Perhaps you can tell us about these rats

Baez ln answec to your question as to what the rats are dying from
1 shall describe the general appearance of these anumals as they come
out of the drum  The control rats are in very poor condition. They lock
stunned with cyanotic paws and snoot They are hyperpnerc and
remain very quiet n their cages  If the carotid artery 15 cannulated
under [ocal procaine the blood pressure 1s found to range from 40 mm
Hg to 80 mm Hp and to dechine steadily the majority die within
3 hours Under direct microscopic obsenvation the terminal vascular
beds of the mesoappendix and mesentery as well as of the wall of the
alimentary canal show striking functional deterioration with decreased
sensitivity to topical eptnephrine or arterenol, absence of spontancous
vasomotion, sluggish blood flow and numerous foa of petechial hem
orthage These vascular derangements are comparable to those ob-
senved 1n the irreversible stage of hemorthagic shock  The microscopie
appearance of the vasculature of the alimentary canal after drum trauma
has not been descrsbed previously  In addition to the over all congestion
of the wall of the gut numerous enlarped venules containing stagnant
hlood and zones of constrictton may be seen  The farge numbers of
these pochets of sequestered blood pive the impression that the animal
has been bleeding nto its own gut

Frre You do not know what the blood volume 157

Baez No

Zuerfach Noble and Collip (2) and co-workers have published
work. on the blood findings 1n these amimals as well as the gut pathology
Iiver congestion, adrenal engorgement etc  On the basts of Dr Fincs
own cnitena of shock these rats ace 10 a state of shock

Fme 1agree Didnt they treat them with flud?

Zuesfack Drum shock cannot be combateed successfutly by fluid
therapy alone either in the form of pretreatment or after the induction
of shock
Baez. Table XX VI gives data on two sets of experiments in whh
e g% e AUrComran sntravenously 1n 2 minmal dose 100 pg /100 gm
of body weight This exceedingly small dosc was suggested by s 11t
ex ents sn which 10 xg of aurcomyan/gm of tissuc acre sufficien?
10 block the liner s anaerobic refease of feratn 1 shall disanss 1hesc
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TABLE XXVII

Effect of Intravenous Pretreatment with Aurcomycmn*
On the Ountcome of Drum Trauma m the Rat

100 pg aureomyan/100 gm
Treatment Saline 8 ki
Titme of wjectiont —60 to —120 —60min | —120 mun
min

Number of rmats 47 29 47
Number of rotations 700 700 700
Number surviving

at 24 hr 22 13 36
Per cent survival

at 24 hr 47 45 77
*Aurcomyun wi given by the afl vein,
tMinutes before rotation 1n drum.

10 vitro studies later To return to the traumabic expenment, one group
of anumals was drummed at 60 minutes and the other at 120 minutes
after the jection The controls recerved the same volume of szline
intravenously It may be scen that tncresed survival (30 per cent above
the controls) appears only in the group drummed 2 hours after the m
fection of the sntibiotic

Shorr 1 think the group mught be interested in knowing why we
sclected 120 muautes

Baez Inour first 1V drum trauma experiments the dose of aureomy
can was admimistered 1 hour before drumming  The chosce of this time
was based on the protective effect obtatned 1n hemorthagtc shod. with
the same dose and time interval We were however discouraged with
the results very little protection was found agamnst drum trauma We
reasoned therefore that this discrepancy 1n protection might be related
fon time factor the drastic hemorrhagic hypotension might be assumed
to become maximaily harmful only after 1t had been mantained for
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several hours while 1n drum trauma the entire stress was imposed
within the 13 muinute period of the rotation tn the drum

Horrath Since you are explaiming why you used aurcomyein at
that particular time, could you explamn something else? Dr Fine has
nsssted and nghtly so that therr use of 24 hours survival s not aeces-
santly a good cnteron that sun rval should be for an mdcﬁnrtcrnod
of time  Would 1t be possible from the data you have to include also
the sunvivals greater than 24 hours, 1¢., to state whether these ammals
sunne 24 or did they surnvive 48 72 100-0dd hours?

Baez I am glad you brought that up Dr Horvath because to me
the term  permanent survinal implies keeping the anumals for thetr
whole normal hife span  In our laboratory we tabulate suraval results
at 24 hours This does not necessanly mean that we sacnfice the
amumals at the time, and usually they ace kept for a weck before beinp
sacnficed In our rience, deaths after 24 hours oceur n a larger
number of the remaining control animals than in the treated group

Sborr  1f the ime 1nterval were prolonged to more than 24 hours
the mortality 1n the controls would be correspondingly greater

Baez 1 believe that the selection of time 24 48 72 hours or what
ever 15 an arhitrary criterton

Shorr 1 think that this 1s the situation  One group defines recovery
as permanent and the other group feels that recovery at the end of
24 hours deals with the shod. syndrome per se and that other causes
of death may enter into the later deterioratron We understand that
Dr Fines data are based on longer survival However we are content
at this time to record 24-hour surveval if we actually kept our amimals
longer as we often have done there would not be a large discrepancy
betw een those results and the ones we report

Fremont Smuth  Permanent 1s a meaningless term too because none
of the animals sunives permanently  You would have to say nto old
age and indefinttely meaning unmeasured or until we got tired of the
experiment and killed them.

Zuetfach Our expenence with this type of trauma has been that rats
which sunne for more than 24 hours wsually Ine mndefinitely In
2 senes of 24 hour suntvors encountered over a period of several
months 95 out of a 100 of these animals lived for at least 30 day3

Fme Ten to 20 per cent of our dogs i hemorthagic shock pre-
treated with antibiotics and with a good response to transfusion sur
vied for only 36 hours or less If they sunned 48 hours they sur
yived indefimtely

Srrkantra At the end of 36 hours had these dogs come out of shock?

Fine Ther come out of shock after the transfusion
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Srihanta  After they come out of shock and die of other factors later
on would you attribute the death to shock?

Fie We attribute the desth to a septic factor which takes hold
because the impared bactertcidal mechamsms are still below par The
septic factor may Ll as a result of recurrent shock, but we have no data
on this

Shorr We cannot at this juncture attempt to resolve these differences
We can only express them and I think that has been done quite clearly

Baurch  How mazny of your rats survived according to Dr Fines
cnteria?

Shorr  Most of them did

Green Shouldn t both Dr Fines and Dr Baezs data be subjected
to the chu square analysis and the data given to us on the charts? I
should like to hear from Dr Burton on this subject because he made an
analysts 2 while ago

Barton 1 do not wish to press this in any hostile way but I do
feel that few people understand how easy 1t ts and how Lttle tume 1t
takes to learn with a statistician how to do & cht squared test on a table
like Table XXVI It can probably be mastered in an afternoon as 1t 1s
only an elementary manipulation of the figures In this way 1t 1s
possible to determine whether these data are statistically valid or not.
Unless we do this, & lot of tume 1s wasted because the data are
borderline and not significant therefore perhaps they should not be
emphasized

I bave roughly applied the chu squared test to the above data and I
should say the differences were far from significent but I am not sure
whether or not the speaker was emphasizing that they were signsficant.

Baez In the onal feeding experments only modest protection was
oftered aganst drum trauma. The differences 1n survival between the
controls and the treated rats 1n Tables XX VI XXVI and XXVII
would according to statstcal theory (4) not be likely to occur by
chance since they arc more than 214 times the respectn e standard errors
of the differences

Horrath It would be nice to sce the statement m the tables that
there 15 significance without requirtag us to make the deduction from
the raw data.

Baez. Table XXIX summanzes the data obtamned 1n hemorrhagic
shodh with a single dose of 100 pg /100 gm. body weight admin-
istered by the portal vemn 1n order to achieve rapid exposure of the
hepatic cells to the antibotic  Pretreatment with this mmimal dose of
aurcomyain increased the survival after our standardized graded hem
orthagic procedure to 68 per cent, 1e. 40 per cent above the control
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TABLE XXI)\

Effect of Intraportal Aureomyemn® On the Outcome
of Hemorrhagic Shock 1n the Rat

Controls Aurcomyan
Injected into portal vern 02mlsaline | 100 pg/100 gmb we
Number of animals 18 19
Maximum blood lostt
(per cent body weight)
Average 32 34
Range 22to38 24t040
Duration of maximum
bleeding (min)
Average 28 45
Range 15 to 90 13 to 105
Uptake of blood**
(per cent body weight)
Average 05 04
Range 00to 15 00to09
Per cent survival at 24 hours 28 68

¢Aurcormy m opected 60 ounutes before heawwrhage

+Total blood ks required to bring blood pressare to 30 mm Hx

¢ 0 Amnant of blood spantancoudy tilen up from resenoir & masntan bl prestore ot
10 men Hg for 2 hours,

group which recerved saline by the same route of administration The
average duratron of the maxumal bleeding was 28 minutes in the control
group as compared to 45 minutes in the aurcomyain group  Although
the differences 1n the amount of blood shed (0 2 per cent of the bods
weght) and in the urukc from the reservoir (0 1 per cent of the body
wepht} appear small they represent wumportant wolumes for the rt
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The data are graphically presented in Figure 16 which shows that ()
equal or slightly larger blood loss was achieved by the treated rats and
therefore & larger residual arculating blood volume seems not to be
responstble for the favorable outcome 1n this group and (4) the blood
uptake from the reservoir which occurs spontaneously in order to main-
tain the blood pressure at 36 mm. Hg was considerably delayed wn the
expertmental group possibly reflecting 2 more adequate adjustment of
the cardsovascular system at the drastic hypotensive levels

Fremont Sunth  How much flnd went 1nto the portal vein with the
aureomyern, the same amount of flud as 1 the controls?

Baex The same amount The pattern of blood flow observed mn the
termnal vascular bed in the mesoappendix confirmed the impression of
a better vascular status in the treated rats which had been inferred from
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the delay 1n spontancous uptahe Such direct microscopic obsen ations
were carried out in a small senes of control and expenmental rats
Aurcomyan or saline was injected 1nto the tail vein  The exposure of
the cecum constituted an additional trauma which did not appear to
alter the final outcorne

Duaing the early stage of the hemorthagic procedure there was no
noticeable difference between the control and the aureomyemn treated
rats 1 therr vascular adjustment The compensatory charactenzed
by tonuc arterial and arteriolar vasoconstriction nced vasomotton,
and mcreased epinephrine sensit ity of the metarterioles and precapil
lary sphincters was equally present i both groups At manimal compen
satory readjustment, the blood flow was mamnly effected throuch the
preferential channels and A V shunts  After a varable period of time a
pattern of behavior developed in the control group conducive to a
rapid deterioration of the integnty of the vascular bed and penpheral
vascular collapse  The nitrally nsidious development of these vascular
changes became pronounced after about one hour of drastic hypotenston
(30 mm Hg) with charactertstics distinctly different from those in the
treated rats  The sensitmvity to epinephrine declined vasomotion of
metarterioles and precapillanies raprdly ceased and the large arteries and
artertoles became less constnicted or atonic One of the most striking
features was the occurrence of numerous focr of petectial hemorrhage
on the venular side of the true capillaries and in the endothelial venules
indicative of an alteration suffered by the vessel walls  These petechul
hemorrhages became more numerous with the increasing spontancuus
urhlc of blood and were maximal with the reinfuston of the remaming
blood at the end of the expeniment  In contrast to the vascular deterso-
ration seen tn the controls with the same degree and duration of
hypotension, the termunal vascular bed of the ammals pretreated with
aurcomycin continued to exhibit compensatory types of reactions

T'remiont Snuth  Hyperreactivity was maintained much longer 1n the
aureomycin-treated anmals?

Baez Yes this compensatory type of vascular behavior was well
matntained to the tme when the expeniment was termmated  In the
control amimals the muscular collecting venules of about 80 to 120 p 10
duameter usually had an atonk distention of the wall and became
engorged with 2 sluggish bload flow by the end of the fint hour of
deastic hypotension  The toniaty of the wall never recovered in the
mupority of the dying rats i spite of transfusion of 1) the shed blood
In contrast to this the muscular collecting venules in the Jurcomyum
treated rats showed an unusual tonk contraction which persisted
throughout the hemorchagic pricedure
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Fremont Smuth  The vasoconstriction occurs 1 the mesoappendix
under aureomycin?

Baez. Yes 1 the mesoappendrx  With trensfusion the venule dim
cter gradually returned to normal and an effective 115 a fergo with
rapd flow of blood was fully restored Venular petechual hemorrhage
was rarely observed 1n the protected snmmals

Leene Does aureomyetn grven to an anmmal whose appendrx you
have exposed lead to any change of the arculation mn the meso-
appendix 1n the absence of shock?

Baex  Yes depending on the dose That was one of the reasons
why we tried to find a mmtmal dose which would stll be protectrve
Intravenous mjection of from 100 to 500ug of aureomycin/100 gm
body weight induces a hyperreactivity to topical epmephrine 1 the
termunal vascular bed which lasts from 30 to 70 minutes, doses of less
than 50 pg are vasomnert.

Srrkantta There 1s no change 1n arculation per s The only effect
15 that the vessels become sensitrzed to the effect of epinephrine.

Fremont Smuth  In other words, 1f no topical epinephrine s given
there 15 no observable change 10 arculation on sureomyan njection

Frank A large dose of aurcomyan grven intraportally may kill a
normal dog

Barz. We are reporting on rats 1n all these experiments I oaly
wanted to point out that aurcomycn per se hypersensitizes the small
muscular vessels of the mesoappendix to the topical simulus of eptneph
nne However with 100 pg m we used this effect had disappeared
before the stress procedure was be,

Since our previous studies (5 6) had shown that derangement of the
hepatic ferntin oxidation-reduction systems accompanies the vascular
deterroration of shock, it became of interest at this pont to ascertan
the status of the ferritin systems in the liver of the rats pretreated with
aureomyan as compared with their controls In another small sertes
therefore the liver was removed at the end of the 4 hour hemorthagic
experiment for s titro studies Heparinized blood obtaned at this
stage was also bio-assayed (7) The scattergram tn Figure 17 presents
the results of these experiments The majonity of the control Invers
had completely lost both their abiltty to restnict fermtin release to
anacrobiosis and their capacity aerobicnlly to nactvate added ferntin
In the remainder there was impairment of these mechamsms  On the
other hand the hepatic ferntin oxidation reduction systems in the
dureomyan injected rats were still intact at the end of the hemorrhagic
procedure  Bro-assays of blood obtained from the aureomycn treated
rats showed strong VEM (vasoexcitor materal) activity while the
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Fiourr 17 Effect of pretreatment with aurcomyrn (100 g /100 gm. body
weight given intraportally 60 munutes before the hemorthagre procedure) on
hepatorenal vasoactive factors in bfood and hver after 4 hours of hemorthap
hypotension (at or above 70 mm. Hg for the first hour at 30 mm. Hg for the
second bour and at 30 mm Hg for the following 2 hours)

blood samples from the control group usually contamed VDM (vaso-
depressor matertal)

Fore 1 .do not quite understand the difference between the middic
column and the nght hand column

Shorr  The Iners were excised at the end of the shack experiments
sliced, and incubated acrobically i Ringer phosphate Those (rom
shocked controls released vasoactive ferntin acrobically as of the Pas-
teur mechanism were abolished whereas Iners from the aurcomyain
treated rats did not release fernitin under these conditions they behaved
like the hivers of normal antmals

The second challenge to which we exposed these Ivers was a test of
theie ability to mactinate a known amaount of crystalline fernun Tresh
slices from these Iners were sincubated acrobically in Ringer phasphate
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contamning ferntin At the end of 2 hours the medium was assayed
by the rat test. A vasodepressor reaction indicates that the liver has
lost rts inactrvation cnfm:lty Dr Mazur has demonstrated that this
inactrvation 15 actually an oxdation of the vasoactive, sulfhydry!
ferrous form of ferntin to the vasomert, disulfide ferric state (8)
Under the conditions of our expenments normal liver slices are able
to tnactrvate this amount of added ferritin completely Livers from the
control shocked rats had generally lost this capaaity while those from
the aureomyan treated rats completely tnactrvated the ferritin

We have used sntifernitin serum as 2 control in experiments of this
nature. The antiserum specifically 1nactivates ferritin as assayed by the
rat mesoappendx method.

Pillemer Have you tried any analogs of aureomyan to see 1f you
can obtrun this effect?

Shorr We have obtained & few of these compounds but at present
we have too few experiments to report.

Fine Have you tried any antibiotic other than aureomycin?

Shorr  We have worked only with aurecomycin.

Baer 1should now like to describe our s o1sro studies with normal
rat liver and I shall first explun the method The rat 15 killed by a
blow on the head, the liver 1s removed placed 1n a chilled Petrt dish
and sliced mmedumtely as for tissuc microrespiratory studies The
slices (lfgm ) are incubated 1n oxygen for 10 minutes at 37 5°C. with
10 pg of aurcomyan freshly dissolved 1n 5 ml of Ringer phosphate
medrum At the end of this time the Ringer phosphate aurcomycin
medium 15 discarded and the slices are washed twice with fresh Ringer
phosphate. For anaerobic ferntin formation, fresh Ringer Phosphn.te 1s
added i the same (1 to 5) proportion and the slices incubated in
nitrogen for 90 muoutes  The medrum 1s then centrifuged and bio-
assayed for vasoactrvity After the $0-minute anaerobic ncubation, the
slices are exposed to a known amount of actrve ferritin 1 oxygen for
120 minutes at 37 5°C  The medrum 15 then centrifuged and bio-assayed
asabove Control slices from the same liver are treated sumilacly except
for the omission of the antibiotic.

Figure 18 summarizes the results obtamed. In agreement with our
catlier work normal lver slices released vasoactive ferntin 1mto the
medum during the anaerobic incubation (9) under stmilar condthions
those brefly exposed to aureomycin did not do so (10) Control hver
slees which had been exposed to anaerobiosts, uniformly fasled to
tnactrvate added fesnitin on subsequent aerobic incubation, while those
exposed to aurcomycin before anacrobiosts retained theirr normal
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Ficurg 17 Effect of pretreatment with aureomycin (100 ug /100 gm. body
weight given intraportally 60 minutes before the hemorthagic procedurc) on

vasoactive factors 1n blood and liver after 4 hours of Jus
hypotension (at or above 70 mm. Hg for the first hour at 50 mm, Hg for the
sccond hour and at 30 mm Hg for the following 2 hours)

blood samples from the control group usually contained VDM (vaso-
depressor material)

Fme 1 do not quite understand the difference between the middle
column and the right hand column

Shorr The livers were exaised at the end of the shock expenments
sliced, and incubated aerobrcally in Runger phosphate. Those from
shodked controls released vasoactive ferntin aerobscally as if the Pas-
teur mechanism were abolished whereas livers from the aurcomycto-
treated rats did not release ferritin under these conditions  they behaved
like the Iners of normal anumals.

The second challenge to which we exposed these livers was a test of
therr ability to nactnate 2 known amount of crystalline ferntm Fresh
slices from these Iners were incubated aerobrcally sn Ringer phosphate
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contuning ferntin. At the end of 2 hours the medium was assayed
by the rat test A vasodepressor reaction indicates that the liver has
lost its mactivation capaaty Dr Mazur has demonstrated that this

nactivation 18 actually an oxdetion of the vasoactive, sulfhydryl
ferrous form of ferritin to the vasomert dwsulfide ferric state (8)
Under the conditions of our expenments, normal liver slices are able
to tnactrvate this amount of added ferntin completely Livers from the
control shocked rats had generally lost this capaaty while those from
the aurcomyan treated rats completely inactrvated the ferritin

We have used antiferntin serum as a control 1 expeniments of this
nature The antserum speafically inactivates ferritin as assayed by the
rat mesozppendix method

Pillemer Have you tried any analogs of aurcomycin to see if you
can obtatn this effect?

Shorr  We have obtauned a few of these compounds but at present
we have too few expertments to report.

Fine  Have you tried any antibiotic other than sureomycin?

Shorr We have worked only with aurcomycin.

Baex 1 should now like to describe our 7 osro studies with normal
rat liver and I shall first explain the method The rat 1s killed by a
blow on the head the Liver 1s removed placed in a chilled Petnr dish
and sliced immediately as for tissue microrespiratory studies The
slices (1 gm.) are incubated 1n oxygen for 10 minutes at 37 5°C. with
10 pg of aurcomyan freshly dissolved 1n 5 ml of Ringer phosphate
medium At the end of this time the Renger phosphate aureomycin
medum 1s discarded and the slices are washc«ftwme with fresh Runger
phosphate For anaerobic ferritin formation fresh Ringer phosphate 1s
added i the same (1 to 5) proportion and the slices incubated 1
nitrogen for 90 munutes The medmum s then centrifuged and bio-
assayed for vasoacuvity After the 90-minute anaerobic incubation the
slices are exposed to 2 known amount of active ferrttin 10 oxygen for
120 minutes at 37 5°C. The medium 15 then centrifuged and bio-assayed
as above Control slices from the same Iner are treated similarly except
for the omission of the antibiotic

Figure 18 summarizes the results obtatned In agreement with our
cachier worl normal lrver slices released vasosactrve ferntin 1nto the
medwm during the anaerobic incubation (9) under simular condibions
these briefly exposed to aureomycin did ot do so (10)  Control liver
slices, which had been exposed to anaerobiosss unt omly faled to
tnactnate added ferntin on subsequent aerobic incubation, while thase
exposed to aurcomyan before anacrobiosis retamned their normal
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FIGURE 18 g rutro cifect of surcomycin on the hepatic ferntin systems. Liver
sltoes (1 pm.) incubated for 10 minutes at 37 5 wat.hlureomycn (10ag.) 10
5 ml nger phosphate medium 10 oxygen. Slices washed twice and rrmcuﬁ:

ferntin machivating capacity  Thus besides sts known antibiotic actty
1ty aureomycin seems to possess 2 direct action at a cellular or enzymatic
level on the hepatie ferntin formation and mactivation systems

Shorr It s clear that & 10-minute aerobic exposure of the liver slices
m riro to these munute amounts of aurecomyan (2 xg /ml or
10 ug /gm. liver) prevents the release of vasoactive ferrtin upon sub-
sequent anaerobc incubation, something which normally occurs under
anaerobic conditions 1t also prevents the deterroration of the czEmy
to wacttvate fernitin w hich normally occurs when the lrver 15 tncy
for 90 minutes in mtrogen and then put back i oxygen

Lerme Dr Shorr your assumption is that there 1s an oxido-reduction
process gomng on, ferrous == ferric, and that exposure fo nitrogen
mhibits it However desptte the anoxic exposure aufeomycin gives
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the liver back the ability to reoxidize the ferrous form of ferritin  What
kind of process would be able to accomplish this?

Shorr You mean, do we know how or by what mechanism aureo-
mycin prevents the reduction of ferrttin? We can only speculate about
that at present

Nrckerson The oxidation of the added fernitin occurs 1n the pres
ence of oxygen.

Shorr ‘The imactrvation capraty 1s tested 1n oxygen

Fremont Smith  They retamn the capacity when put bacl into the
o
xyl,gtf:ne In the first column of Figure 18 there 1s no putting back.

Shorr  That 15 anaerobiosis the normal liver releases vasoactve
ferntin, the aurcomyan treated liver does oot

Nickerson In that experument reduction 15 prevented, but oxidation
does not occur

Baer. There 15 thus an mteresting parallelism between the s 1210
and 1 t1vo protective effects of aurcomycin on the ferrihn formation
and mactivation systems the preservation or prolongation of the com-
pensatory peripheral vascular readjustments dunng the hemorrhagic
experments, and the survival rates These observations with aureo-
mycn sre regarded as supporting the concept advanced by our lab-
oratory that the alterztion of the hepatic ferntin mechamsms brings
about consequences of major importance for the ability of the animal
to survive a standardized shock procedure.

Shorr There 1s thus at least one other speafic actton of aurcomyan
i the organism which takes place at concentrations lower than are
ordinarily considered to be antibiotic.

We have studied the ferntin mechanisms because of their deterio-
ration 1n shock but we do not mean to infer that aureomyan may not
affect other systems  We have demonstrated that treatment with aureo-
mycn 15 assocrated with the preservation of the ferritin systems dunng
M tiro of m rsvo hepatic hypoxia. Admumstration of these small
amounts of aureomycin 17 r7ro appears to have only a brief indirect
mfleence on the behavior of the terminal vascular 1 the meso-
appendrx. Nevertheless 1ts injection prior to shock 1s associated with the
presenation of a compensatory type of peripheral vascular response
throughout most of the drastic hypotensive pertod tn contrast to the
deterioration of the arculation m the control anmmals under these cr
cumstances  Our inferences are that metabolic products of hepatic
hypoxta including ferntin, are prevented from appeanng in the
Aureomycin-treated anumals and that in their absence there 1s preserved
4 type of peripheral vascular behavior favorable to recovery from shock
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SHOCK IN GERM FREE RATS
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FOR SOME TIME 1t has been obvious that the nature of the bacteral
contribution to the evolutton of the shock syndrome could be studied
waally 1n an ammal such as the rat if its background was nigorously
controlled with respect to bacterial contaminants  This unique situation
cxsted only 1n germ free colonies of the type mantaned at the Lobund
Institute of Notre Dame under the direction of Dr James A. Reynuers
A prebimmary sertes of hemorrhagic shock studies was therefore st
tuted 1n 1953 and continued at mntervals through 1954 and 1955 Col
laborating with us 1n the shod studies on the mat were Dr Helmut
A. Gordon and Morns Wagner of the Lobund staff Because of the
unusually complicated nature of the expermmental procedure wn such
rm-free studies only a comparattvely small number of rats (20) have
nvestipated to date
Before entering mnto the detadls of the experiments a number of

points should be made clear concerning the germ free rat per se  As
might be antiaipated rats reared under germ free conditions differ from
conventtonal animals 1n a number of tmportant respects  These antmals
have been maintained on a semusynthetic diet which has been ngorously
]f:rocdscd to rule out bacterial contamnation. As an example of dif
erences 1n this regard can be ated the unusual size of the cecum of
the germ free rat, the diminished connective tissue in pacticular regrons
and the failure of the lymphatic system to develop fulf;m the intestinal
tract.t Thus from several pomnts of view the germ free ammal repre
sents a new species of rat, as it were, 0 that a direct companison in terms
of n completely satisfactory control experiment cannot be readily
achieved In an attempt to match these amimals with comparable con
ventional controls certain difficulties arose  Foremost among these was
*Dr Z

L L B P e ek
tGordon, H A Unpublehed data.
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the fact that the use of the semusynthetic diet 1n the conventional stock
colony did not produce animals which were comparable to the germ-free
ones in those given a sermsynthetic diet after adulthood 1s reached
a loss 1n vigor sets in, together with a tendency toward the development
of respiratory infections, but a practical diet (Rockland) that offered
excellent results in the stock colony did not appear as desirable 1n the
germ-free colony In the present expeniment, the deciston was reached
to use the best germ free and conventional stoch of comparable age,
body weight and sex dusregarding accordingly stratn and diet  Such
considerations, 1n general illustrate the difficulties in the selection of
conventional anumals which can serve as controls to the germ-free It
appears that for this purpose the best we can secure 1s a comparative
background offered by a variety of conventional anunals which repre
sents different stramns and environmental conditions From this badk
ground 1t 1s possible then to establish the latitude or response which
the conventional organism can muster to the vamable under mnvestiga
tion 1t 1s aganst this background that the germ free ammal can then
be gauged. The presently used conventional animals accordingly rep-
resent only one pomnt 1n this spectrum  therefore, by themselves, they
should not be regarded as valid controls to the germ free anumal

In setting up the shodk expersments a good deal of improvisaton
was necessary 1n order to avord bacterial contamunation during the
handling surgery and bleeding procedure ‘This phase of the program
was worked out by Dr Trexler of the Lobund staff

Routine 1n these experiments were bacterologic samples and gross
and microscopic autopsy of the animals In addition to the regular germ
free rats rats contaminated with a fastidious pleomorphic bactenial
organism were also used This organism could be cultured routmely
from fresh cecal contents but only sporadically from freshly voided
feces and never from the organs body surfaces or cage environment
Since this organism had no apparent cffect on the germ free rat char
actenistics described experiments were also conducted on these so<alled
monocontaminated rats  Their history diet handling etc., were the
same as the free anumals  Anesthesta was induced by intramuscu
lar pentobarbital (3 0 mg /100 gm. body wt ? The carotid artery was
exposed and cannulated for removal of blood and blood pressure
measurement  Graded bleedings ser ed to iduce a state of hypotension
which was mamtained at selected lesels by the comventional set of
calibrated pipets arranged as a self regulatory bleedout fusion system

In the Lobund experiments graded hemorrhage was therefore studied
1n germ free rats monocontaminated rats and consentional rats under
sterile precautions and n conventional rats both on a semisynthetic and
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on a stock diet under ordmnary laboratory conditions A number of
germ-free rats were also removed from therr usual environment and
Lept 1 the laboratory for varymng periods before hemorrhage was
nﬁuced

In general, the findings clearly indicated that the reaction of the
germ free rats to hemorrhage was simular to that of thetr conventtonal
counterparts Germ-free rats tolerated blood loss nesther better nor
worse than standard’ rats when subjected to an episode of drustic
hypotenston at 35 to 40 mm. Hg for periods of 3 hours The character
1stic pattern of decompensatory uptake of blood from the blood reservoi
developed after 15 to 20 hours of drastic hypotenston. Followmg
blood replacement and closure of the neck wound, these amumals were
left 1n ther germ free quarters either to termunus or were sacrificed
24 to 48 hours later L:&()(I)em)d0f3t04hours.at 35 mm Hg was
selected since this cpisode provided in control arumals outside the
sterile cage & mortality of 65 to 70 per cent Almost identical statistics
were obtamed n germ-free experiments carned out inside the special
plastic hood Careful bactertologic studies of the cage wtertor anumal
tissues and blood specimens farled to mdicate any bacterial contaming
ton.

Frank That 1s 1n netther group?

Zuetfach  Conventional rats subjected to shoch under ordinary
laboratory conditrons were found to have a number of different bacterial
contamunants in etther the blood, liver or spleen. When conventional
anmpals were subjected to hemorrhage under rigidly aseptic conds
tions no bacteremua developed 1 blood liver or spleen

Monocontaminated rats, bled under aseptic precautions 1n the stenile
hood, showed a similar reaction to the s proceduse 2s did germ-
free s We could not on the basis of erther survival studres or the
tolerance to blood loss during protracted periods of hypotension dis
tingush between monocontamunated and germ free rats 1 these expen
ments.

Autopsy findings revealed the typical congested bowel It should
be posnted out that germ free rats differ from conventional rats n hav
Ing an unusually large cecum  Apparently 1n the absence of bacterra
the cecal wall thins out and becomes distended This organ following
hemorrhagic shock., usually showed evidence of constdemble congestion
and of hemorrhagic materal n the bowel lumen

Another difference was the finding that the liver s0 many of the
germ-free rats at death was comparatively pale and contracted as com
pared with the dartk con and enlarged liver 1n conventional
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controls  Several of the germ-free rats showed 2 moderate xmount of
Inver congestson following biood replacement and arculatory collapse.
Germ free ammals which survived the procedure had little or no bawel
pathology

Fme \Was there & difierence tn the amount of blood 1n the cecum
of the germ free rats as compared to that m the contaminated rats?

Zwerfach In some of the rats defintely so In others, the cecum
was free of hemorthage

Fme How great was the difference?

Zwerfach 1 would say that 2 sigmificant proportion of the mtestinal
hemorrhage n germ free rats was i the cecum, whereas n the natmal
rat the hemorthage and congestion usually was located m the smal
intestines.

T'ine Do you know whether the germ-free rat Jost enough blood
nto s cecum to account for hus subsequent collapse?

Zuesfack  Although we had no measurements of the amount of
blood present mn the cecum, my mmpression was that the loss here was
not sufficent to account for the irreversibility

Fiwe Ths factor may sull be responsible for the failure of blood
replacement to restore the arculating blood volume

Zwesfach The amount of cecal hemorrhage was a vanable factor
Furthermore suffinent numbers of fsee rats were encountered
with hittle or no cecal hemorthage despite rreversibility to rule out
this factor as an unusual feature of the syndrome in these ammals
Although this condition may represent a contributing factor whsch
alteted the picture somewhat 1n particular animals 1t definutely cannot
be considered a major factor 1n this respect

Baez. May I ash whether the blood was in the lumen or the wall of

the cecum?
Zwerfa b There may be minor amounts of free blood in the lumen

of the cecum

The wall of the cecum 1n the germ-free rat 13 unusually thin
Hence although it shows signs of congestion and stasis the amount of
blood contained therein cannot be very Jasge

e You do not know what the arculating blood volume was at
the time of death?

Zuesfach  As far as we could tell the blood pressure returned to
fevels of from 100 to 120 mm Hg and remamed m this cange for at
Teast 1 hour following blood replacement W e have no direct nforma
tson on the amount of blood 1 crrculation thereafter

Ime What 1shauld like to know 1s whether it 1s possible that subse
quent bleeding 1nto the gut wall or wnto the fumen of the gut por s
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reduced the volume of blood 1n arculation sufficently to account for
the collapse of the germ free rat

Zwerfach In all, we have conducted a series of about 20 zmmals
under germ free conditions  Only about a third of these antmals showed
this unusual hemorrhage into the cecum. The rematning two-thirds did
not show sufficiently extensive bleeding or congestion into the cecum
to support your assumption

Green Did you bleed both groups of animals down to constant level
of pressure and then reinfuse them when they had taken up a certan
amount? Did both groups of animals require the same amount of tme
before they took up 50 per cent?

Zu esfach These expeniments were carried out on a time basis, the
rats being mamtamed for a period of 3 hours at drastic levels of
hypotension During this period they took up vartable amounts of
blood from the reservorr Occasionally when their uptake was exten
stve, the rats succumbed before the end of the expertment In the
majonty of instunces, the experiments were arbitranly terminated by
blood replacement after 3 hours of drastic hypotension, & procedure
which, on the basis of our previous expertence, results tn about a 70
per cent mortality

Green Did the germ free and conventional rats take up sumilar
amounts of blood during the 3-hour period?

Zuesfach We could not establish any statistically significant differ
ences esther in the uptake tendency or i the extent of blood loss
tolerated

Rappaport Was there a difference 1 the vasomotor behavior

cen the germ free and the conventional rat?

Zuerfach Microscopic visualization of the arculation m the mesen
tery was carned out 1n only two nstances 1o order not to complicate
the survival statistics We therefore have no meaningful evidence along
these lines

Shorr  Did you treat any of the germ free rats with aurcomyen?

Zwerfach No

Engel In view of the liver changes which you described did you
look for evidence of metabolic alterations 1 the livers of germ-free
anmals? For example, do they show a nse 1n plasma amno acids as
do com entional rats

Zwerfach In intro studies on liver metabolism have not as yet

carried out. Blood samples were not taken either for bio-assay or
chemiaal determinations

Euge! Plasma amno acd levels should represent a sumple basis of
ompanson betw een the two groups of rats
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Baez. Stioce these antmals are germ free, 1 wondered whether their
lymphotd tissue might be underdeveloped and whether this might
account for the decrease in the thickness of the wall and the over all
distention of the cecum.

Zuerfach According to Dr Gordon, the thinness appears to be
attributable to a relative pauaty of connectrve tissue and to a marked
loss of tone of the smooth muscle elements

1 should like now to discuss several other expenments carnied out
with respect to the bactertal elements in hemorrhagic shock  These were
conducted 1n collaboration with Dr § G Hershey Dr W Antopol and
Dr I Saphra of Beth Israel Hospital Rats subjected to hemorrhage
under standard conditions were found to show a vanable bacteremua 1n
which only bacteria of the type present i the bowel appeared m the
blood lrver and spleen irrespective of 2 reversible or ireversible out
come A series of extensive elumunation ents demonstrated that
the contamnation was the result of organisms introduced exogenously
through the bleedout reservorr and the artenial cannula. It was found
that in the process of handling the rats, the experimenter contaminated
the cannula and the blood pressure attachments This resulted 10 a sps-
temic bacteremia 1n 2 fair proportion of routine shock expeniments

In order to avoid contamunation of this sort, st was necessary to
utilize rigid asepsis When every piece of apparatus was disassembled
and autoclaved and conventional sterile surgery used no bactena
could be detected 1n etther the tissue or blood specimens obtained
dunng shod. and as late as 48 hours followmé; blood replacement
Despite such precautions and the elimmnation of a bacterial element
an irreversible type of hemorrhagic shoch could be mduced regularly
in these rats

Fremont Snuth  Is it more difficult to produce 1rreversibility under
aseptic conditions?

Zwesfach On the basis of our previous expertence, hypotension at
40 mm Hg for from 2 to 3 hours uniformly resulted m a lethal out
come to 70 per cent of our rats When the identical procedure was
carrted out under aseptic precautions, 70 to 80 per cent of the anmmals
now recovered following blood replacement Howmever when the
hypotensive eptsode was extended for an additional hour the syndrome
became highly lethal again wathout intervention of bacteremiz

Fremont Smuth Do these ammals now die acutely or do they die
several days later?

Zuerfach The rats usually succumb dunng the might or on the
following day s ¢ from 4 to 18 hours later Another set of expeniments
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1ls0 bears on the relatrve importance of the bactenal element 1n shodh
As previously menttoned, the rat subjected to shock under conventional
arcumstances shows a significant inctdence of bacterial contamination
(E. colt, Klebsiella, enterococes, and occasionally paracolon) These
mts can be protected agamst the lethal outcome of 2 standzrd hemor
thage by a number of modalsties mcluding pretreatment with dibenzy
line or chlorpromazine (1) which agents served to counteract the
wreversible trend of the syndrome despite the fact that cultures of
the blood, liver and spleen contmuccr to show the same type of
bacteral contemunation present m unprotected rats  The data suggest
a secondary contributary role of bacteremin i the development of the
syndrome

The particular bacterial contaminant which appears in the blood and
tissues during shodk was found to vary considerably For example, the
bactenal contaminants that entered into the picture i rats stadied
at Notre Dame were different from those encountered 1n our New York
animals Rats in 2 third laboratory have shown a still different pattern
of bactertal mvolvement This factor may depend on the conditions
under which the rats are kept, the diet and even on the particular
strun

A number of different conditions serve to predispose rats to hemor
thagie shod,, including agenaes such as cortisone, sublethal roentgen
radiation (350 to 400 r) or adrenalectomy When such anumals were
subjected to hemorrhagic shock, bactertal elements appeared regularly
m the blood, liver and spleen, despite nigid aseptic precautions  For
example, following exposure to roentgen rays (10 to 30 days after 400
1) the bloodstream and tissues of rats subjected to hemorrhagic shodh
showed contamination with organisms from the respiratory tract such
3s Psexdomonas aerugmosa. In adrenalectomized rats bactensl ele
ments from the 1ntestinal tract appeared 1n the liver spleen and blood
following an episode of hemorrhagic shock

Shorr Would that hold for the liver too?

Zwerfach Bacteremua could be demonstrated most regularly n the
hiver and spleen, and less consustently 1n the blood stream.

Nrckerson The rats subjected to hemorrhage n New York under
ﬂct:lle conditions seem to survive better than the completely germ free
Y

Zweifach The first series of expenments at Notre Dame were
amed out at an extremely drastic level of hypotension, 35 mm. Hg for
3 hours Under these conditions there were no differences mn survnal
#atistics between the germ free rats and our own animals at New York
Unrversuty Subsequent experiments with the germ-free rats werc con
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ducted at blood pressure levels of 40 mm Hg for 3 houss These rats
show comparable sunvsval statistics when compared with conventronal
rats at Notre Dame and with our stoch rats at New York Unt
versity A durect comparison between Notre Dame experiments and our
own data 15 not possible since these were done on different strains of
rats (Lobund and Holzman strain at Notre Dame, and Wistar at New
York Unn ersity)

Nickerson 1should like to comment on what may have been a mus-
conception relating to dibenzyline treated amumals m Dr Honaths
onginal question  If the anumals are properly pretreated the amount of
bleeding may be 1dentical with that of the controls Although the sur
vrval rate 15 tncreased, they do not necessanly bleed out less

Engel What was the per cent mortality 1n the germ free anmals?

Zuerfach In expertments conducted at 35 mm Hg for 3 hours
70 to 75 per cent mortality was obtained, a figure 1dentical for con-
ventional rats studied under the same stentle precautions When the
germ-free animals are subjected to a hypotensn e episode for 3 hours at
40 mm, Hg about 50 per cent survived following blood replacement a
figure comparable with control experiments

Engel 1f the shock were made less severe, would there be a higher
mortality in conventional amumals as compared with the germ-free
ones? It 15 obvious that if an animal 1s bled too drastically the mortal
ity will be hugh under any arcumstances

Zuesfach Ourintral expeniments were conducted on the assumption
that the germ free rats mght tolerate shodk better than the conven-
tional ansmals  For this reason 3 hours at 35 mm Hg was used as a
test procedure. This Ievel of hypotension ts not so drastic as to be
uniformly lethal under any circumstance  For instance w¢ have found
that rats pretreated with chlorpromazine tolerated this degree of hypo-
tension and shoned a high percentage of sunval

Several sets of experiments were carried out 1n which we attempted
to make stock rats resistant to hemorrhagic shock by pretreatment with
endotoxin  These ammals were gnen successnely larger doses of
endotoxin (meningococeal or E lOII? at 48-hour intervals until they
had recen ed five doses of the matenal  The final dose was a relatrvely
large amount (1 mg) These ammals were subjected to hemorrhagic
shock 48 hours later No protection could be demonstrated by this
type of pretreatment It should of course be emphasized that the resis
tance to endotoxin may be both dose and time-dependent  Further
studies along these lines are indicated

Frank Dr Zwefach 1 can support your statement about the absence
of bactera i shock expeniments carried out under aseptic precautions
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Our largest expenience m that regard was with dogs When we took
repeated samples of artenal blood, vena cava blood at the level of
the hepatic vemns portal vemn blood, and thoracic duct lymph all
through hemorrhagic shock experiments lasting 5 6, or 8 hours, we
found consistently negative cultures Ina few ents we took con
tinuous samples throughout the shock period and  these remaned nega
tive In a search for just a single organtsm or very few we interrupted
several expertments by exsanguination at dufferent stages of shock with
culture of samples over 100 m! 1n volume, but were not able to find
bacteria 1n the blood or lymph while dogs were alive, ﬂthough bacteria
were found 1 portal bloodpmd less regularly 1n systemic blood very
soon after death.

Zwerfach We have some prelimmary evidence regarding the
ability of drum-resistant rats to tolerate endotoxin  These animals were
made resistant by successive exposure to increasing doses of drum trauma
over 2 penod of 10 to 12 days untl they withstood 1000 drummings
2 dose [ethal to normal rats Two types of experiments were conducted.
Inone 5 75 8 and 10 mg of E colr endotoxin doses which were
LD 1w 1 control rats were administered intraperitoneally to several
groups of drum-resistant rats No significant resistance to the lethal
effects of this range of endotoxin was demonstrated In 2 second set
of studies drum-resistant rats were given varying doses of endotoxin
1 to 3 hours prior to drum traums We were unsble to demonstrate
any underminng influence of pretreatment with 1 to 2 mg E colr
&xtract on the resistance of these rats to drum trauma. These findings
are in contrast with comparable expeniments on normal rats where 1 to
2mg of endotoxin shifted the mortality figures from 30 per cent 1 un
treated controls to 90 per cent 1 treated animals

Frank Did the drum resistant rats tolerate hemorrhagtc shock better?

Zu etfach We have not carried out such expeniments

Skorr Yes we found that rats made resistant to drum trauma were
also more resistant to hemorrhagie shock (2)

Frenmont Snnth  The rats are more resistant and also they show the
same Inver changes?

Sborr  Although at the end of the hemorrhagic experiment both the
resistant and the control rats had VDM 1n their blood the hivers of the
fesistant rats retained the ability to inactrvate added ferritin i con
trast to the controls which had lost this inactivation ca city Linvers
of resistant rats (not subjected to hemorthagic shoch) retamn their
@paaty to inactivate added ferntin after drumming or followmg a
90- or 120-muinute exposure to anacrobiosts s t/tro whereas normal
ltver loses this capactty under similar conditions
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Horrath  As I understand this germ free rats and con entsonal rats
from the Notre Dame cololg showed no differences i thesr ability to
tolerate shodk. Rats studied at New York Unuersity under aseptic
conditions however withstood hemorrhagic shock better than those
cxamined under standard conditrons  Am I right in this?

Zuesfach 1 would rather not compare the over all statisties with
respect to tolerance to shock 1n expenments conducted at New Yorh
Unnversity and at Notre Dame. Each of these sets of experiments
requires its own specific controls

Hortath Would you say that the two sets of data are n conflict
with respect to the importance of the bacteral factor?

Zuetfach No The expenments at Notre Dame were carried out
under comparable conditions of sterility This made it possible to com
pare rats reared under germ free conditions with comentional rats
In our own laboratory rats of the Wistar stran were found ta tolerate
hemorrhage better when bactenal contamination was avorded In this
wnstance the predisposing element was an exogenous bacteremia ntro-
duced by the experimental procedure When this factor was eliminated,
a standard form of irreversible shock could then be set up without the
elements of bacterial contamination entering into consideration

Green Dr Zwetfach, I should like to ask you to compare the degree
of exposure to hypotenston 1n the germ free rats done comventronally
but with sterile or aseptic conditions outside the asepsis cage agamnst
the rats 1 your laboratory which were handled in the same way Did
the presence of bacterta 1n your amimals make them any more or less
susceptible to mduction of the state of shodh.?

Zueifach In my estimate the Holzman and Lobund straim of rats
at Notre Dame were somew hat more susceptible to shoch of this type
than our own Wistar rats

Hortath By that you mean the volume of blood removed from the
Notre Dame amimals was less?

Zuesfuch 1 think that the chief difference between the Wistar and
Holzman rats falls m the category of the tolerance to a peniod of
hypotension before uptahe from the bleedout reservorr develops The
decompensatory uptake of blood was definttely greater i the Notre
Dame experiments than 1n our own rats subjected to hemorthage under
ascpti precautions

Nickerson Stram differences are extremely important i drum shock
experiments  For example 1 rats which we have used this year the
lethal dose (L.D ) was 400 to 430 revolutions, tn contrast to prevtous
years where the LD « dose was 700 with another stram of rats
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Burton In Listening to this obvious conflict of pownt of view between
Dr Fine and others as to the importance of bacterial factors 1t strikes
me as most unfortunzte for the settling of this conflict that the aspect
of cost enters that 1t 13 necessary to use the rat, because I think Dr
Fine would say that the rat possesses a natural resistance to bactertal
wnfection, and other amimals cﬁ;onot the rat s properdin levels are much
higher So while we may prove that 1n the rat the bacterial factor 1s
not & very important thing 1t still does not really tell us the importance
of the bactenal factor n other amimals does 1t?

Zuerfach There 1s a good deal of evidence to support the conten
tion that the hemorrhagic shock syndrome develops along comparable
lines 1n the rat and the dog Actually the dog may be an exception
mather than the other way round because of the enormous number of
bacterial contamnants harbored by this spectes

Shorr  Nevertheless the rats dre

Harst 1 should like to ask Dr Burton what he thinks these rats
died of if they didn t die from shock.

Shorr  Are you gotng to ask Dr Burton to give a theory of shock?

Barton. 1am a neutral T think that even if all the bactental factors
that are most important 1n some antmals are removed, the animals
obviously would still die, wouldn t they?

Haist They do not die immediately they dic after 2 period of time

Shorr  And the process can be reversed or pmcntcdg a vanety of
agents

Barton We discussed this at the first conference and we all 2
eventually that there were limiting factors, and that 1t mught be found
that i certaun circumstances and certain kinds of shock n certarn ant
mals one vector was the important factor Even if that factor were re
moved the animals would dte of one of the other factors It might take
more blced?.mg todo so Was this not the feeling we reached tn the first
dlx'\&\()f\

Shorr 1 think this was again a matter of defiution and of our
recognition that our terms are of necessity limited by the specific con
dittons under which we operate at a particular time

Sribantta It might be relevant to make an observation here on the
experiments by Dr Fine and his group using the inactrvated aureo-
myan. I think they m.’lcttvlhtg the antibiotic by keeping saline
solutions of the drug exposed to the atmosphere for several days at
37 C. The antibtotic property of this matenal fell to about 1/12 500
of the onginal aurcomycin. Using this tnactivated  aurcomyan for
hcmon-haglc shock expeniments they found that the degree of protec
tion afforded by it was almost as high as the degree of protection
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obtaned by the "unaltered aurcompan Thes expernment woald tend
to shift the emphasts, if any from the bactenal factor as a myor
contributory cause for the development of wureversible shock

Frank No The expenments with “mactivated aurcompen  did
seem to some of us at least to indicate 2 protection, but by no means
the kind of protection that the unaltered aureompan conferred

The matenal which we called  mactivated aurcomyen was some
thing that had been incubated 1 solution for a number of days,
We do not know how 1ts molecular structure was altered and what
relationship to aureomyan it stll bore Mt did seem to uy, after study
ing the data and applying the usual statistical tests that there was some
protectron  As I say 1t was nothing like the protection of the onginal
materal

The questron was what was the significance of this? It scemed
open to at least two interpretations  One was that the materal was
working by a nonantibactenal mechanism  The other was that the
1 r1tro test, which shows that a given material 18 not antibactenal
not n fact an accurate mdex ofluhat that matertal may do as an
antibotic 1 an arumal s body  We tested the matenial both before
we gave it to the dags and also 1 plasma samples because of the

ssibility that feeding ar njecting 1t might reconsvert 1t to an active
orm  We found no evidence of antibactenal actnity n esther test
But still 1t can be argued that so great 1s the sensittvity of the shocked
anima! that eren & minute renidual antibacternal action unmeasurable
1 11tro smay still be protective | think the matter lies in this unresolved
posttion as far as this experument alane 18 concerned  The alternative
difficulty 15 to explain how several antibiotics of widely varred chemcal
structure protect tn shock by a common mechantsm other than thesr
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time that the rate of destruction of bacteria becomes less than the rate
of production of bacterta by multiplication, the total numbers of bacterta
begmn to rise (3)

Horeath Isnt it also true that the rate at which the bactena get to
the lver from the gut 13 also going to be reduced?

Rnrsely That 13 what I tried to say

Hortath Also the rate of destruction may be different

Kmisely One limttation on the rate of {zhl 15 1 the concen
tration of organsms per mulliliter of the b which enters the lrver
muluphed by the number of mulliliters of blood passing nto the lrver

Dobson In regard to the ability of the liver to clean the blood
(that 15 freet ufg:zctcrm) some wnsight may perhaps be ganed from
consideration of collord studies which we have carried out at Donner
Laboratory (4,56) Using radiactive colloidsl chromic phosphate,
Dr Warner and I find that, i the normal dog, the half-time of removal
of colloid from the blood stream s one and one half minutes If a dog
15 bled this disappearance rate remamns essentially the same The liver
blood flow has indeed decreased but the decrease 15 ?proxmutcly pro-
portional to the extent of the bleeding Thus the disappearance rate
constant which 1s the fraction of the blood volume using the liver

unit time, can remain the same even in the presence of a reduced
ner blood flow For this reason, the blood may be just as rapidly
cleared of collord or bacteria after hemorrhage as before.

On the other hand a reduced blood supply might mterfere with the
ability of the liver cells to mamntan their normal function Thus liver
blood flow can be constdered from two different one of supply
ing needed metabolites to the liver cells and one of mantaining a close
equilibrium between this important metabolic organ and the other body
tissues (6) If the reduced blood flow occastoned by hemorrhage were
to interfere with the metabolism of the Kupffer cells and thus reduce
their ability to phagocytize, then the Liver would be expected to be less
effient in cleanng the blood of collord  But since the phagocytic cells
have been shown to function efficiently at a greatly reduced blood
flow the liver 1s able to clear collordal chromuc phosphate from the
blood rapidly

Shorr At a given time or the same amount of collord?

Dobson The colloid disappears at a constant rate over a period
of about 6 munutes, which 1s sufficient time to reduce the concentration
in the blood to about $ per cent of the mitial value In regard to the
amount of collord we find that the rate of removal 1s independent of

the quantity of matersal present until very large quantities are used
(630 pg 1 a mouse) (5)
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period of ifreversibility? Does the half time for removal of colloid
sull remain 114 minutes, Dr Dobson?

Dobson We really have not studied hemorrhagic shock  We were
trying to determe whether blood loss could sccount for the observed
depressions of carduac output and Liver blood flow m our burned
anunals and we deaded that it could not (8) We have made no
attempts to messure seversibility or ureversibility  But siace we gen
erally removed only about 30 cent of the blood 1t 1s safe to say
that we certanly operated 1n the reversible period  Probably 1n most
cases the amimals were not even 1n shoch 1 use this term with some
hesttatton  Blood pressures were seldom measured, but when they were,
they were not down apprectably Cardiac output, however, usually was
markedly depressed, though not as much as in the burned ammals with
a comparable blood loss

Shorr  Of course, one of the objects of inwiting you here, Dr Dobson
was to persuade you to work i the field of hemorrhagic and traumatic
shock!

Zwerfach One cannot overlook the fact that the shock syndromes 1n
the rat and dog have a great many features ;n common The same
modaliies or contingencies that pratect rats agamst wrreversible shock
also protect the dog despite differences in their bactenal flora Both the
at and the dog can be protected #gainst lethal hemorrhagic shock by
pretreatment with chlorpromazine or dibenryline, irrespectrve of the
presence or absence of bactenal mfection *

Baurton My reply to that is that the death from shock 1s cansed by
a combination of many adverse factors The protection by a given agent
may be because it deals wath one of these contributing factors

Zwerfach The complexity of the shock reaction makes it essential to
separate contributory or sustang factors from the basic elements of
the syndrome  Thus unfortunately has not been possible to date.

Burton Nor should one, by the same philosophy overemphasize
the VDM (vasodepressor material)

Fremont Smuh  The important thing 1s not the question of over
emphasis or underemphasis but of spectficity What we need to answer
1s where does the bactenal situatton enter and how much and where
docs the VDM enter and how much? There are many factors to take
nto consideration including bactena and V D.M

Eprrors Note  The following remarks are an expansion of the
comments gien at the conference

Rersely Most of the logic which today 13 being wsed in the study of
*Zuefach, B, W, and Herhey S G Unpublished data,
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shock 15 not relevant to the problems presented by arcalatory shock. We
are hunting for the durect cruses of shock or of circulatory failure Our
ultumate purpose 15 to try to find out how to prevent crrculatory shock
ot arculatory fulure  In order to straighten out our thinking on these
E:nu, 1 should like to talk about two different classes of causation
us call one "posttrve cawsatron  and the other negative causation.™
Moast of the logic commonly 1 use 1n our avilization scems to be a part
of positive causahion.  Something positrve 1 done which, through 2
dx;ulm of positive effects, ulomately directly causes one or more end
ts.

As a0 example of positive Crusation A man exerts force on the
accelerator pedal of his car The pedal, through 2 system of levers,
0] a2 vahe which admits more aur and gasoline to the combustron

of the engine. The engine converts this fuel mto energy and
delrvers 1t to the back wheels, and the automobile gocs faster Every
step 10 the above chaun of events 1s a part of positive causation.

As an cxample of negative cawsation, a young man arrives in a great
aty with $300 1a cash in hos pocket. Somcoftﬁumomygoaforfood
and wine and somc for entertainment. A little moncy 15 lost here, 2
Iittle there, a0d 2 days Later there 13 no money left.

In dealing with problems of positive causation, one may ask, "What
factors are necessary and saficrent to produce a given result?” And
one docs not understand the steps in the ciusation until he understands
every factor which 158 #ecessary and which together are sficrent to
cause the final end result.

When dealing with negative cusatron, any single (actor may be suff
aent, and any combination of fractronal f‘ons may ndd:ﬁ: to suf
faency and, strangely enough, no onc of the fatons which may be
present need be at all mecessary to cause the result. Our joung min
could have spent 21l of his money on wine, or all of ¢ on song, 1n order
to arrve at financial insolvency

An amumal or & man recerves a senes of pounding blows to the legy
or body of & series of severe burns aver the outside of the body and
after a hme his arculation fails™ (910)  We have a tendency to say

What ransed the o failure?>  One p of investigators
nts out that there was a decrease of blood flow through the
‘::.-r Another points ot that the blood 15 agglutinated n’ullnﬁ;: difh

cult te pump through small vesscls. Other groups pount out t
12 pooling™ of blood in the abdominal cavity  Other groups of 1n-
vestigators dealing with other s find that onc or more of the
factors designated above 13 cm;r;m 1n st1ll othet cases of com
plete arculstory failare

My own thinking about airculatory farlure has taken a new and, 1
belicre prottable tum by cxamining exch and every kund of stuation
1n which the arculation 15 know i to fail, in terms of negative cusation.
Each 1ndn 1dually known pathologsc circulatory factor causesy how mich
of 1 arculstory decrement in thrs indmdual amimal or man? How
many different kinds of pathologic cvents can be listed, exch of whil:
can cause a arculatory decrement > How Jo these decrements summate?
I shall bist only 2 few  Spasms of pulmonary artenes can decrease the
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flow of blood tnto pulmonary veins and the left heart, thercby decreas-
ing carduc ontput (11) The plugging of grear numbers of small
artery tips with masses of agglutinated blood cells also can
ecrease the numbers of pathways between the o beart and the left
heart (12) ‘The contraction of hepatic outlet ves, whether sinusoid
outlet valves, Deysach s sl stusce chanaels, oc big hepatic vens can
sharply decrease the flow of blood into the infenor vens ava, This
wou.rfdlrndtoﬁllthchvcrmddambloodvlﬁlmthepomlmnbcd.
The plugging of grest oumbers of tips of the postal vein withua the
Lever by means of masses of agglutinated blood cells has been observed
nd forcibly reduces the amount of blood passing 1ato and through the
liver and gh the hepatic veins ioto the infenior vens ava (3 13)
Hemorrhages cuse 1 loss of blood so that there 15 less blood to
pump The leaking of whole blood or of the flud party of the blood
into crushed or burned tissues also decreases blood volume.
Thesctthng of enormous amouaty of agglutinated blood cell masses
mumlmuduofm&whmmmhmdmﬁm
numbers of red cells which are g and carrying oxygen (14

15)
small blood vessel walls Jeak the flud parts of the blood
(16-23) and thus decreases  arculating blood volume *
The hemoconcentration of the blood, whether unagglutinated or
utinated, necessarily increases the resistance which this blood offers
to being pushed down through long marrow cone-shaped artenies and
artenioles. This 13 oot an incresse 1n “vuiscosity or of appamat
visconty ' but it 15 « change 1a the physical consistency of the ::i;od of
such & nature that the blood resists passage through vessels, The fact
that increasing red cell concentratron causes increased resustance to be
ing pushed forward was fist publshed by Whittaker and Winton
(24) and recently by Jeffords and Knisely (23) *
of artenes in many parts of the body erther partual or com
s}::. contribute to a stoppage of blood flow ot a reduction of forward
and thereby decrease the rate of supply of blood to the linings of
;ﬁseh and inttate hypoxic states of small vessels and still further

Toxins, for instance rattle snake venom, can cause small blood vessel
linings to Jeak (this 13 positive causation) the leakage results in o
decrease in arculahing blood volume (negative causation)

It 13 not my purpose here to make a total list of possible factors
which can octur in drfferent kinds of shock. For another list, ses
hatscly er d (26) 1 should like to polat out, however that when deal
ing with negative cansation, any single factor when opersting maximal
ly can, by itself cause the o falure For example, members of
fmy laboratory have bled anmals and men (27 28) keeping trauma at
& Mummum Smly 2 needle stck) and tht.;[ found that following
hemorchage alonc thete 15 no agglutmation of the blood cells Every

The imestiganons 1 support of studies of the thotogac
mp severe burns sre supported m our K Ly ot

Y.
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one of us 1s capable of belreving that complete airculatery falure can
be caused by hemorrhage alone  In some Emd_s of circulatory fulure
Froupings of the above-listed factors operate, each contributing ts own
sha;;to the decrease 1n venous retum to the heart carduc filling, and
arduc

In many utuations, we are daaling wath the summations of decre
ments. Qur real problems are  Which particular decrements are oper
aung o any one sitration? Which summation of the decrements
ent 1n this case are together sufficient to cause the total arculatory
failure?

It 13 possible to hare complete arculatory failure in the total absence
of onc or more factors which cach of us has believed for a long time
to be a part of  the shock prture,

In dr:fmg with negatre ¢ and of dec no
single factoe s “mecessary 10 order to cause the arculatory fulure.

The above makes 1t possible and necessary to determine exactly what
each of the speafic bacterial toxins which may be present actually docs
1o the injured indimdual  Perhaps, for instance one set of bacteral
toxins can damage the Linings of small vessels in such a way that t
will begn to leak #nd to degree 30 that enough fluid loss wil
occur to give an inadequate venous return.

Dr Finc s observations are most unportant We may not choose to
agree with fum on some potnt or other but we cannot neglect the bac
tenal factor in shock 1n war time  Logic here must be aimed toward
thinking dearly about summatrons of decrements some of them licge
moneﬁmdo shock, some of them small 1n other kinds of shock.

Shors Tagree 1donot think we have any nght to neglect any fac
that 1s consistently observed to influence the shock syndrome.

Kasely Or of we discover a factor which can decrease venous ret!
first 1n a rat then we have the prrdege and obligation of looking
the presence of that factor and measuning its magnitude n each of
kinds of shock 1n man

Burch  Some of the human syndromes are different  Some of
shoch ltke states encountered 10 man are different from certain ty)
of experimental shock

Frer ont Smath 1 think Dr Zweifach s point that when an ag

rotects 1n rat and dog and protects with or without nfection
should therefore be very much concerned with finding out how mu
further we can go with that agent and how much 1t will prot

against 1nfection also

Russely  Tagree with that

Flast bsnt there some shight difference 1n view pomt here? [ th
some are concerned with those conditions which are esseusial for t
development of sseversibility and death and athers are concerned w
those factars which conribate to the development of shaxk Tin
may be many factors contnbuting to the development of shack t
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surely ultumately there will be some change which leads to wrreversibility
and death That 15 what we should be looking for That is I presume
what we are looking for and what the argument was about do not
thunk we should consider that all the factors which will contribute to
the development of shock ate necessanily fundamental to the develop-
ment of wreversibiity

Shorr Ot are of the same tmportance

Fremont Smuth 1 should like to say this concerning urreversibility
we talk as thoagh there were defimtely an irreversibility 1 think there
1s 0o such thing There 15 wrreversibility with respect to what?  We
have already moved from finding what was previously imeversible
s no longer creversible 1f something elsc 15 done  So the term o ttself
1s a very bad term. The state 13 no longer irreversible tf aurcomycin
15 given.

541:1 Let us say that ultimately all of these antmals will reach a
stage where treatment will not promote survival They die.

Tremont Smrth  After they are dead you can say that,

Hast Then perhaps death 1s the crterion we should use.

Fremont Smuth Which 15 also hard to define

Haist There may be differeat procedures which will prolong or
shorten the period over which the condition can be reversed let us
say by flud 1ofusion or restoration of blood volume

Tremont Smuh  Irreversibility of restoratton of blood volume As
long as you say 1t that way tt 1s acceptable.

Harst Let us say 1t 15 an yreversibility mn the sense that 1t cannot be
revesed by any known therapeutic procedure  That 15 all that 1s meant
by srreversibihity

Fremont Smth  Untd aureomycin comes alon,

Harst Tt does not do any good whatever in the tourniquet rats

Kmsely May 1 emphasize one more pomt about the utilization of
the concepts of positive and negative causation In hunting for factors
of positnve causation we say What factors are necessary and suficrent to
yield a certain result? That 1 the pattern of logic upon which most of
our crvilization operates  The moment we begin dealing with negative
causation we are dealing with summations of decrements Whenever
the summation of a sertes of decrements becomes sufficient to cause
falure that constitutes sufficiency At that pomnt no other single
factor of any magntude 15 necessary  One single factor acting
maximally may be completely sufficient In which case all other factors
are unnecessary  That s the point you are making here,

Fme 1f Dr Znefachs data are taken to mean that hemorrhagic
shock of 3 hours durztion 1n the rat 1 trreversible for reasons that
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have nothing to do with bactena, then our data and Dr Shorrs
on the protective effect of antibiotics will need to be explained o1
basis of a nonantibotic action of the antibiotics.

Dr Shorrs view 15 that this 1s the case that 15 that aureon
protects by virtue of its effect on the ferntin mechanism 1n the |
I have two reservations to make on the validity of this hypothesis 1
if Dr Shorr 15 right, then he should be able to show that the prote
effect of peniallin and neomycin can be explaned 1n the same
Second since aurcomyein docs not protect the ferntin mechantsm i
liver of the rat in drum shock why does 1t increase the survival ra

Until these questions are resolved i favor of the view that
antibiotics act by virtue of nonantibiotic properties I prefer to ad
to the view that the antibiotics protect against hemorrhagic shock
drum shock by virtue of their antibiotic property If that 1s so the ¢
tion arises whether the alleged germ free state of the Notre Dame
must be accepted as fact. We have already observed that the numbx
bactennz or the amount of toxin required to kill an ammal wl
defenses are down because of shack can be very small indeed  The ¢
culty of identifying a few bactena in tissues s well known 1
told that to get a positrve culture from tissues by the conventx
techniques an inoculum of as many as 1000 bacterta 1s required Un
the whole germ free rat were thoroughly mashed up and a sufficte
lacge ahquot taken for culture, I would not be sure that the ans
was in fact germ-free Moreover as our liver mash expenments ¢
gest even this might not suffice because artifical culture media are
nearly as efficrent as animal tissue for faailitation of growth of bact
when these are few 1n number and fastidious (n their growth requ
ments

Tinally evidence that irreversibility to transfusion shodk was ind
the cause of death in the germ free rats requires 2 demonstration t
these rats were normovolemic or nearly so at death Thus cannot
assumed to be the case until the quantitates e analysis of the total blc
lass tnto the wall and lumen of the entire gastrointestinal tract can
shown to be volumetncally nsigruficant

1 should also like to discuss the discrepancy between the reparts
Dr Hardy and Dr DeBakey (29) and our own on aurcomyan

Shorr We do not understand what the discrepancy 15

Fme 1 am tefernneg to thew report on repeating our cxpenime
on the effect of aurecomycn 1n hemorrhagre shock  After wnsideral

Dr Facx comments after the mecting  Flease e thy there 2 mnundmundng

[
he sars that 3 seommc n ooy not affect the feertn 2 em
?@S‘%-;ﬂm h‘ngDf Shors st thy mectng ters the ppoute
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numbes of experiments with vanations of which we would not approve,
they did thesr last group of expertments 25 we would have them done
They reported some benefit from aureomycin but it was not nearly as
strsking as our own  They stated that 1 about 35 per cent of the last
series of amumals there was a prolongation of survival tune, but no
survivals (20) This was not a total contradictton of our results but
1t was very weak confirmation of our own data  Although we had done
a very much larger sertes of dogs and had obtatned good results with
other antibiotics as well, the discrepancy bad to be explained

In looking over their data [ noticed that sbout 40 per cent of their
dogs showed a bacteremia after the transfusion there were no Clos
tradra but there were other intestinal fora.

This bacteremua was something we never could demonstrate We
could find oceastonal Clostridie but no other mntestingl flora 1 the
blood during life Thus mndicated that perhaps the flora 1n their dogs
wete more resistant to aureomycin than the flors 1 our own laboratory
At any rate, I entertained the suspicion that they were having a very
much more difficult time controlling bacterta than we had had Never
theless 1t was incumbent upon us to repeat the expeniments which we
had concluded some 3 years previously Since we had done a great
many more experiments than they had and had used all sorts of antt
biotics over a long pertod of tume, 1t was quite possible that we, too
had set up a very resistant flora. Indeed we had evidence of it over
2 years ago from our nability to affect the fecal flora with antibiotics
When we repeated the experiments 1n the customary way we could
do no better than Dr DeBakey and Dr Hardy

In the meantime, Dr Paul Gybrgy in Philadelphia published some
interesting studies on the effect of antibiotics on the development of
crrhosis or necrosts 1n the livers of rats matntaned on a choline free
diet (30) He reported that aurcomyan for example, delayed the onset
of the liver injury by 128 days He found that many other antibiotics
did the same thing 1t was most mteresting that the spectrum of
cffectrveness of the vartous antibiotics against [ver mjury was precisely
the same as the one we had obtained agamst srreversibility to trans-
fusion for h:morrhaFc shod. 1n dogs Those that faled in arrhosis
of the lver also fatled 1n hemorthagic shock

He reported further that as the years went by and the expeniments
multiplied he found he was getting less and less effect with aurcomycin
and other antibrotscs until about 4 years later when he was getting no
cffect whatsoever from aurcomyan This fits with steiling preasion
our own expenence after having ted our expeniments as a chech
on the data 1n Dr Hardy and Dr DeBakey s report.



140 Shock and Crrealators Homeostasis

He (Dr Gybrgy) then took the obvious if trying, way out. He
repeated his expenments n two laboratones where this Lind of work
had never been done before and reproduced his ongnal results

It was, therefore destrable for us to repeat our expermments efsew here
to sec1f we could get our onginal results But this was too complscated
an undertahing We used an alternatine, 16 we prefed our anumals
n the dog hennels from which they were to come  Immeduatels or soon
aftet ther arrval and before they could acquire our laboratory flora
we did a small series of antmals with pentaillin and neomypan, and we
got our onginal results

‘Why did the dogs 1n Houston show bacteremiz wlule ours did nat?
As I pondered this along came Dt Pillemer s discavery of properdin
[ asked fum 1f he would assay our dogs for properdin, which he did
We sent hum the first 51x dogs sera coded and five out of the six assayed
normally se., from 12 to 18 units The sixth did not, and 1t was the
only dog that collapsed soon after inducing shock st was dead 1n 3
hours 1n spite of transfusion It looked h'fe a normal dog like the
rest of them

At the same time we learned that most of the dogs at Western
Reserve did not have 2 normal amount of properdin It lacked as if
this msght be caused by a pooret state of health than 1 our dogs What
was the situation with respect to properdin in the dogs 1 Houston or
for that matter with dogs 1n various other cittes It was obnously
necessary to do a geographucal study of this question since properdin
provides the aumal with a considerable amount of natural defense

So Dr Pullemmer did a geographucal study of the properdin titers of
dogs 1n vanious parts of the country I should like him to make a com-
ment with regard to this, stmply as a conclusion for my remarks

Pidlenier The Nanonaf Rescarch Counail ashed us to do these expent
ments  They took place 1n Houston Texas Cleveland and Ginannats
Ohwo Raston Massachusetts and Rochester New York The only group
of dogs that was under the care of 2 vetentnanan Dr S Michaelson
was the group in Rochester and they all had normal properdin titers

I shall give the results 12 to 16 properdin units per mi s ¢on
sidered a normal properdm titer I think onfy one of your dogs Dr
DeBakey out of 12 had normal properdin titers - All the others had un
dec one untt of properdin Only 9 Cleseland dogs out of 88 had normal
tters 3 out of 24 dog serums obtained from Dr W A Altemeter
Cincinnats had pormal titers and about 60 p~r cent of the serums
obraied from D Fine s laboratory had normal titers

Tseront South - How did vou dectde that 12 to 16 s normal?
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Pilemer We decided that from the results obtawed with the
Rochester dogs They are healthy dogs that have been dewormed,

cn various types of vaccines and hept for at least 8 weeks before

ng put on an txpenment. It 15 interesting that the nine Cleveland
dogs that had high titers were able to survive certain types of surgical
procedures that the other dogs were unable to stand

Burch 1 should like to make a statement parenthetically at this
moment about a problem that is important 10 physiologic research
Frequently comments are made about doing research on man If a man
15 sa:d to be normal, he has been studied very well and the clinteal
criterta gre fairly dependable  When we wortk with socalled  normal
dogs seat to us from the average ammal house, we find relatively few
of them are normal This 13 an mportant problem 1n research espe
cally when data from different laboratordes are under companson

It 1s my opwmuon that investigators dotng clintcal research probably
have much better control and better known arumals than investigators
n general working with dogs obtamed from our present sources and
employed in the present manner This 1s not true for all 1nvestigators
but appears to be true for most of them

In the case of rats the situation 15 quite different. Good strains of
healthy rats are available in most laboratortes A mongrel dog collected
from the streets 13 not carefully examined (blood count, unnalysis,
stool serologic studies roentgenogram of the chest etc) The dog 1s
not known to be normal with the cectanty that a man 1s known to be
normal tn chinical research.

Kmisely A pathologic situation can be defined only as a contrast
to a pormal one  With that 1 mind, we 1n our laboratory obtained
a series of racing greyhound dogs which were just too slow to win
races  They were wonderful expenimental animals We have gone to all
Lu})ds of effort for certain experiments to get healthy animals (Figure
19

1 should like to pomt out one disadvantage the clinician must face
The chnucal tests for disease are of such a nature that by definttion
they are not applied until after the patient says I don t feel very well
and comes to the physiian  So the clinician s concepts of a healthy
person are based upon the level of cach test above which the patient

comes 1o the chinician By and large, clinicians do not study healthy
people at all

Bwrch  That 1s not correct

Amisely 1 do not think 1t 18 right ether but T do think it 18 true

Burch  That 1s not 5o For example, normal controls 1 clinical
research often consist of medical students who have had periodic health
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Ficure 19 An example of one of the racing greyhounds used tn these expent
ments.

examinattons mcluding questions about their health such as whether
or not they are fechnp welt and whether or pot psychologie dis
turbances exist what they are and the ke We can hnow that several
medical students are normal much better than we an know about
several mongrel dogs It 15 the usual practice to assume thar dogs are

normal
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e There 15 onc more pount I should like to make For our shock
experiments we istst on having large, well noursshed dogs that weigh
2 minimum of 30 or 40 pounds It may be that we are just lucky i
this respect. At least we used what we thought were well nournished
ammals We did not use scrawny anumals or very young ones  Pethaps
this kind of selection 15 not so conssstently followed elsewhere for
ths kind of work.

Berch 1 think 1t 15 important for physiologic research throughout the
country that we spend more money supporting animals for research
We do not spend nearly enough moncy for the care of and provision for

munzs.Eﬁflor this purpose

Fremont Smuth We ought to have a veterinary department n every
medical school

Burch Those supporting research should be more aware of this
problem.

Rnssely While we had the mang greyhounds quite unexpectedly
a veteriparizn, Dr Norman Garlick, came to us and wanted to become
2 graduste student. He took care of these dogs and they suddenly
became mote healthy than any dogs I have ever seen They had no
lesions on the skin, no hookworms there were no small sores in their
ears When Dr Garlick left to go ito the army the dogs began to
detenorate immeditely In only one weel anyone could walk into the
dog com ds and on short notice say “There ts an ammal that 1s
partly ncrmmlf we had not seen healthy animals day by day for months
we could not have recognized the partly sick ones

Tremont Simth - We should pot say normal of erther anumals or
human beings unless we add with respect to the following things
which were measured  Unless we say ths, we are giving a completely
false impression  We should say & man or an animal 1s normal because
he looks well nounshed or normal because the following four tests
were made

In the case of medical students something else can be said 1e.
normal with respect to the tests that were made, with respect to the
fact that they did not come down with any of the following discases
(and list them 1n the 4 or 16 months between the time of observation
and our point of sending our paper for publication) If there 15 a
subsequent history of fmlure to come down with itiness, it 15 further
indication of the judgment about the person being healthy at the
time he was studied which is important and 1s almost 2lnays neglected
wath respect to this sstwation.

All this should be written down It will help others to be alert The
man who comes down with a serious 1llness 2 weeks or 3 weeks after



142 Sbock and Crrcalatory Homeostasis

FiGtRr 19 An example of oo of the raang greyhounds wsed in these expen
ments.

examinztions including questions about their health such as whether
or not they are fecling well and whether or not psychologe dis
turbances exist what they are and the lthe W e can now that several
medical students are normal much better than we can know about
several mongrel dogs It 1s the usual practice to assume that dogs are

nomal
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Tine There 15 one mote pownt I should lile to make. For ou
experiments we 1nsist on having large, well nounshed dogs that
s muumum of 30 or 40 pounds It may be that we are just h
this respect At least we used what we thought were well no
ammals  We did not use scrawny anumals or very young ones |
this hind of selection 18 not so consistently followed elsewh:
this fand of work.

Barch 1think it 15 important for physiologtc research through
country that we spend more money supporting antmals for re
We do not spend nearly enough money for the care of and provis
good amumals for this purpose

Fremont Smub We ought to have a veterinary department 1
medical school

Burch Those supporting research should be more aware
problem.

Russely While we had the racing greyhounds quite unexy
a vetennarian Dr Norman Garlicl, came to us and wanted to
a graduate student. He took care of these dogs and they st
became more healthy than any dogs 1 have ever seen They
lesions on the shin, no hookworms there were no small sores :
ears When Dr Garlick left to go into the army the dogs I
deteriorate immediately  In only one week anyone could walk
dog compounds and on short notice, say  “There 15 an ammal
partlv sich.  If we had not seen healthy animals day by day for ¢
we could not have recognized the partly sick ones

Fremont Smuh  We should not say normal of etther anu
buman bewngs waless we add  with respect ta the following
which were measured.  Unless we say this we are giving 2 con
false impresston We should say 2 man or an animal 1s normal
he looks well nourished or normal because the following for
were made.

In the case of medical students something else can be sa
normal with respect to the tests that were made with res
fact that they did not come dowm with any of the fallowing «
(and list them 1n the 4 or 16 months between the time of ogsc
and out pomt of sending our paper for publication) If the
subsequent hustory of failure to come down with illness 1t 1s
indication of the judgment about the person being healthy
time he was studied which 13 mportant and 15 almost always ne
with respect to this situation
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an examination obviously was not normal even though he seemed to be

Burch  Our work with veins has shown that the presence or
abssncc of heart worms can produce a difference 1n certain types of
studies

Amisely I have great respect for the attempt to find healthy human
beings us:;lim:dltal students etc. We have done st too But all such
attempts today are based on the assumption that a test for disease 1f
negative means health which 18 not always the case so I think that there
must be tests devcloped for the healthy man which are different from
the usual ones in that they are used 1n the absence of detectable disease

Barch A positrve diagnosis of health 1s made not a negative one.

Anisely  How many men have you tested to see how much work
they could do per hour?

Barch That 1s not necessanly an index of health,

Fremont Smuth Yes it 13 a test of health bt it 15 only one

DeBakey In light of the fact Dr Fine has raised this question of the
discrepancy betw een our results and therrs, 1t might be desirable for me
to comment about it First let me say that we attempted to follow
Dr Fine s procedure in Gaerymg out this expenment and we were
communication with him prior to that tume and duning the experiments
so that he was aware of what we nere finding  We felt that we must
be doing something different from the procedure which he was doing
in his laboratory since otherwise we should be able to get essentully
the same results We were fortunately able to get Dr Frank to go over
the experiment with us  As Dr T'ine has pointed out there were certain
things that were different  For one thing the amimals which we used
in general averaged smaller 1n size than his animals  Whether that s
a significant difference 1 do not know but nevertheless that was true
We simply »ere unable to obtain ansmals of that large size 1n adequate
numbers so that our ammals averaged in the neighborhood of 14 or
15k

chundly the temperature 1n our laboratory was a Dttle hicher
than the temperature 1n their laboratery  We are acchimated to a httle
higher temperature than they are n Boston apparently although we
had a relatively constant temperature and the labotatory was awr<on
ditioned

As far as the animals themsclves were concerned the question has
been raised about the possibility that they did develop a resistance 1
have a feehing that Dr [ine 1s probably correct about that thuugh we
have not cheched it as far as our own amimals were coerned It a8
true that our ammals were hept i the Jaboratosy for a longer pernd
of time prior to the experiment That was done an part in an attempt
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to acclimate the dogs to the laboratory and to feed them if they were
undernourished O Iy for this sort of expeiment the prolonged
stay might have been a bad thing to do

In spite of the properdin levels, these animals did not look like
diseased animals They were not scrawny or mangy They had been
dewormed However the amimals frequently were found to have heart
worms at autopsy ‘Thus 1 & very common disease among pound animals
1n our part of the country The number of antmals used m these studies
was such that the results are statistically significant Rarely did we use
less than twenty 1n & group

As Dr Fine pomted out, the discrepancy between his and our
studses was such that we were smply unable to confirm bis findings on
the protective action of aurcomycin. Although we did get some pro-
tection 1t was our fecling that the protection afforded was partial
not complete or strikingly good

Shorr Dr Fine reported there was a prolongation of the survival
time

DeBakey There was also a shight dufference 1n proportionate number
of survivals It was not as statistically sigmificant a difference, but there
was a proportionately greater difference

Green Dhd you use the vanable time method Dr Fine uses?

DeBakey We tried to do 1t exactly the same way

Green D you find 1t required a longer tme with your treated
ammals?

DeBakey Yes

Green Was this difference 1n time more significant than the number
of survivals?

DeBakey ‘The number of survivals was the thing we were unable to
confirm

Green  Was there a significant difference in the time required?

DeBakey Yes

Green Then you have a more striking difference In Dr Fines
method 1 think you mask the results

DeBakey That may be. Prolongation of time may be the most
significant factor

Nickerson Inasmuch as we are discussing antibacterial agents agamn,
I should like to put on record our attempts to duplicate Dr Fines
results with aureomyain. In order to duplicate his procedure as nearly
43 possible, Dr Lloyd Beck who was worhing with me at the Unrversity
of Michigan, visited Dr Fine s laboratory 1n Boston for a weeh or so
On the basis of his observations we modified our procedure so that it
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an examnation obviously was not normal even though he seemed to be,

Burch  Our work with vemns has shown that the presence or
:bs;m‘c of beact worms can produce a dulference 1 certain types of
studies

Knisely Thave great respect for the attempt to find healthy human
beings using medscal students, etc. We have done 1t too But all such
attempts today are based on the assumption that 2 test for disease 1f
negatrve means health which 1s not always the case, so 1 think that there
must be tests developed for the healthy man whech are different from
the usual ones 1n that they are used 1n the absence of detectable disease.

Barch A positrve duagnosis of health 1s made not a negatne one

Knsely  How many men have you tested to see how much work
they could do per hour?

Bureb  That 1s not necessanly an index of health

Fremont Smith Yes 1t 1s a test of health but 1t 13 only one

DeBakey Inlight of the fact Dr Fine has rawsed this question of the
discrepancy betw een our results and thetrs 1t might be desirable for me
to comment about 1t First let me say that we attempted to follow
Dr Fines procedure 1n carrying out this expenment and we were 1n
communication with him prior to that time and during the expermments,
50 that he was aware of what we were finding  We felt that we must
be doing something different from the procedute which he was doing
mn his laboratory since othermise we should be able to get essentully
the same results We were fortunately able to get Dr Frank to go over
the expennment with us  As Dr Fine has pointed out there were certan
things that were different  For one thing the animals which we used
in general averaged smaller tn s1ze than his antmals  Whether that s
a significant difference, 1 do not hnow  but nevertheless that was true
We simply were unable to obtain antmals of that large size in adequate
numbers, so that our ammals averaged 1n the netghborhood of 14 or
15

chondly the temperature i our laboraton, was a ltle higher
than the temperature i therr labocatary  We are acchimated to 2 hittle
Iigher temperature than they are m Boston apparently althouch w¢
had a relatinely constant temperature and the laboratory was awr-con
dtioned

As far as the antmals themselves were concerned the question has
been raised about the possibility that they did develop a resistance 1
have a feeline that Dr Dine s prob:bly correct about that though we
have not checked 1t as far as our own animals were concerned It 18
true that our animals were hept tn the laboratory for a longer
of tme prior to the experment  That was done i part 1n an attempt
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to acclimate the dogs to the laboratory and to feed them if they were
undernourished O ly for this sort of experiment the prolonged
stay might have been a bad thing to do

In spite of the properdin levels these animals did not look lihe
diseased anumals They were not scrawny or mangy They had been
dewormed However the animals frequently were found to have heart
worms at sutopsy Thus 1s a very common disease among pound animals
1 our part of the country ‘The number of animals 1n these studies
was such thet the results are statistically significant Rarely did we use
less than twenty 1n a group

As Dr Fine pointed out the dmmcy between his and our
studies was such that we were simply le to confirm his findings on
the protective action of aureomycin  Although we did get some pro-
tection 1t was our feelng that the protection afforded was partial
not complete or strkingly good

Shorr Dr Fine reported there was a prolongation of the survival
ume

DeBakey There was also a slight difference 1n proportionate number
of survivals It was not as statistczlly significant a difference but there
was a proportionately greater difference

Green  Dud you use the vanable time method Dr Fine uses?

DeBakey We tried to do it exactly the same way

Green Did you find 1t required a longer ime with your treated
ammals?

DeBakey Yes

Green Was thus difference 1n time more significant than the number
of survivals?

DeBakey The number of survivals was the thing we were unable to
confirm

Green Was there a significant difference 1o the time ired?

DeBakey Yes s A

Green  Then, you have & more striking difference In Dr Fines
method T think you mask the results

DeBakey That may be Prolongation of time may be the most
significant factor

Nickerson Inasmuch es we are discussing antibacterial agents again
1 should like to put on record our attempts to duplicate Dr Fine's
results with aureomyan  In order to duplicate his procedure as nearly
as possible Dr Lloyd Becl, who was working with me at the Unnversity
of Michigan, visited Dr Fine s laboratory 1n Boston for a week or so
On the basts of his ohservations, we modified our procedure so that it
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was very close to that used m Boston although our dops av
slightly smaller than Dr Fine's 5 g avcraged

When we ran the control and expenmental ammals simultaneously
on adjacent tables to elumunate the effects of varations 1n temperature,
season etc., neither aurcompan pretreatment plus a primng dose the
day of the experment nor parenteral aureomyan significantly altered
the survisal rate, the bleeding volume, or the duration of hypotension,
We used both morphine procaine and pentobarbital anesthesta

The role of aureomyan resistant organisms n the fatlure to demon
strate protectron must be considered. We were worhing in a separate
butlding completely isolated from any hosprtal connections  Pens
allin had been used off and on in this [aboratory to control infections
in gmmals following operative procedures, but to the best of cur
hnow ledge no aureomyern had been used prior to our studies  The dogs
came from the Detroit pound, were kept n one room for about 2
weeks to rule out distemper or other obvious disease and the aureo-
mycin treatment carried out tn a separate room  We have no detatled
bactertologic studies on these ammals  However obvious changes in
the character of the feces occurred shortly after the animals were rut
on aurcomycin and the treated anmals did not decompose mpudly atter
death as did the controls  The treated animals were almost odorless at
post mortem examunation even when this was carnied out as long as
24 hours after death  This was certainly very different from the cond:
tion of control ammals and strongly sungested to us that the aurcomy
cn had elimuinated most of the usual bacteria

Although we did not find any significant effect of aureomyain in out
anmmals I am perfectly willing to grant that bactera can be a stress
We know that bactena can be the imitiating and major cause of shock in
both human beings and ammals  Bacterial action can cestawnly be one
of the factors involved 1n our expennmental shock particularly in cases
where there 15 2 considerable period of time for bactenal multiplication
betw een hemorrhage or trauma and death However before we go too
far 1n ascribing specifiaty to the increased sensitivaty to bacteria that
Dt Fine has so nicely demonstrated 1n muldly hemorchaged animals we
should attempt to compare this quantitatnely with increased sensinaty
to other types of stress

I'e 1 meant to comment as you requested 1 should on the pomt
that you qust rased  We did test animals for sensinity to morphine
and found no change whatever r.¢., the rabbit 1 hours after transfuston
for hemorrhagic shock. of 2 hours duration 1s extremely hypersensitine
to endotoxins but the sensitrvity to marphine was exactly the same a3
before shock
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Nickerson This 1s the type of camparison I was referring to bat
several different tests will be necessary to establish the pont Morphune
15 2 test mvolving central nervous system respiratory depression  Per
haps & cardiovascular stress might be more sutable Certamnly there
are many toxic substances 1n addition to bactenal toxins to which the
previously traumatized animal 15 more susceptible, The basic prinaiple
here 18 that 1f you hit 2 man from two different directions you do not
have to hut him as hard each time to get a response.

Dr Haist, will you put on the record your observations and those of
Dr H G Dowaue on the effects of aureomyan n shocked rats?

Hasst My observations (31) that aurcomyan pretreatment was
without benefit 1n shock produced by 2 dlamping technique, z.e., tourn:
quet shock, are already on the record from @ previous conference Bot
Dr Downte (32), of the Ontario Agricultural College, has performed
some experiments on hemorrhagic shock 1n the rat and found that
aureomycin pretreatment in these animals was without beneficial effect
also
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INFLUENCE OF ADRENERGIC, CHOLINERGIC,
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‘THE AGENTS I am about to discuss afforded us another othortumty to
test the tenability of our concept of the importance of the ferrhin
spstems in shodh. We made no attempt to survey a large number of
compounds but instead selected a representatrve agent from each group
for trral The results with dibenzyline will be emphasized, since most
of our studies were made with this adrenergic blocking ageat

The materizl presented heremn on the influence of these drugs n
standardized hemocrhagic and deum shock mn rats consists, first of
data on survival under varous conditions second direct obsetvations
of the pertpheral vascular pattern 1n the splanchnic area, and third
studies of the hepatic ferntin systems We also carned out studies
of thetr 1 t1tro effects on the ferntin systems 1n normal liver slices
The procedures involved ate essentrally the same as those 1 described
previously (page 103) for our aurcomycin studies

The results obtained with dibenzyline m drum trauma gre summa
rized 1n Table XXX The amounts adminsstered intravenously from
60 to 90 minutes before drumming were 5 pg and 20 ug /100 gm
body weight In our expertence, the 20 pg dose usually reverses the
pressor effect of 002 pg of intravenous epinephrine, though the
3 pg dose does not do so  Control anumals recerved the same volume
of saline as that used to dussolve the dibenzyline The protection
afforded by both doses of the drug was substantial
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TABLE \\\
Noble-Collip Drum Trauma in Rats After Dibenn hine®
None | 5 ug/100 gm | 20 ug/100 pm
—_— e
Tpmephrine response Pressor None Reversal
No of rats 78 56 9
No of rotations 700 700 700
No sunnung at 2 hours 43 54 88
No surviving at 24 hours 34 53 87
Per cent sunival at 24 hours 436 946 956

Topected 60 to 90 Munutes pror to drummang.

In Table X3AXI appear the tesults of expeniments demonstrating
that the protection afforded by 20 xg dlbcnz)E:c against drum trauma
could be extended to arenal rats cien though 1t had been shown in
our laboratory (1) that such amimals are more susceptible to shock
The anumals were unilaterally nephrectomized 2 or 3 wecks before
drumming and a loose igature of rubbenzed thread was placed about
the opposite renal pedicle the ends being buried subcutancously  On
the day of the expenment the ends of the ligature were uncosered
under local procaine anesthesta and the renal pedicle was ted st
before deumming  As many as 81 8 per cent of the dibenzyhne myected
arenal anmmals sunvived as against 20 per cent of therr saline-injected
arenal controls The marked protection afforded to bilaterally adren
alectomuzed sats maintained wuh 1 pec cent salt solution by the same
dose of diberzyline (Table \N\AIT) 13 st more stesking in siew of
the extreme suscephibihity of adrenalectomized rats to drum trauma
@)
1 should tike now to turm 1o our data on the wmpasatine action af
atropsne sulfate and hexamethonum bromude in drum trauma 0
pormual rats shown v Table XXNHT The doses used were 1 mg
hexamethonium and 2 mg atropine 100 gm body woipht injected
intravenowsty from 30 to 10 minutes befure drumming { ader the
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TABLE XXXI
Noble-Collip Drum Trauma 1n Arenal Rats

After Dibenzylhine*

None 20 pg/100 gm
No of rats 20 22
No of rotations 700 700
No surviving at 2 hours 17 21
No surviving at 24 hours 4 18
Per cent survival at 24 hours 200 81.8
*Ineced 60 to 90 minutes prior to drummeng,

TABLE XXXII

Noble-Collsp Drum Trauma in Salt Maintamned
Adrenalectomised Rats After Dibenzyline*

No of rats

No of rotations

No survning at 2 hours
No sunning at 24 hours

Per cent survival at 24 hours

None 20 ug /100 gm
31 29
600 600
4 29
0 26
(] 896

*Injected 60 to 90 runutes prior to drummung.
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TABLF \A\HI

Drum Trauma in the Rat After Pretreatment wath Atropne
Sulfate* and Hexamethonum Bromide*

Hexamethonium Atropioe
CS‘:J“I*;:' Bromide Sulfate
Img/100gm | 2mp/100 pm
Number of rats 55 26 28
Number of rotations 700 700 700
Number suniving
at 24 hours 34 14 22
Per cent sunival
at 24 hours 62 54 79

Injected 1V 30 to 40 enenutes prrot to drummng.

conditions of our expenment nesther one conferred sigmificant pro-
tection

Neckerson 1 should like to comment on the dose of atropme
Although 1t has no adrenergic bloching activity this dose might pro-
duce constderable blockade of gangha (f the time sntenals were ncht

Moe  Was the hexamethonum doing any good here?

Zuesfach Does 1 mg of hexamethonum produce a sustaned gan
pliorc blockade? It was my understanding that such a dose would pro-
duce a transitory blockade of perhaps from 30 to {5 minutes at most

Nickerson Yes 1t would produce some blockade

Moe I do not think thete would be very much ganglionic blocking
from this dose of atropine In dosage and in duration of ganghonk de
presston atro‘pmc 18 about equinalent to tetraethylammaonium . therefore
10 mg /hg of cither drug would be required ta produce an effect lasting
perhaps an hout 1 the dog or cat T do nt know about the rat

Bae~ In the rat the cnteria used to determune the doses to be
admenustered were  for the ganglionn blocking agent hexamethonum
bromide a reduction of blood pressure of % to 60 mm g (e
1 mg) and for the antichohinerpic drug atropine suffate a blocking
of the blood pressure lowenng action of 10 ug acetylcholine (r¢
2mg) The bloching action lasted aver 60 minutes in the rat
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Nicherson That would probably be reversed. Acetylcholine would be
effecttve 1n much lower doses How was the atropine admunistered?

Baer. Each of the drugs was freshly dissolved i sterile phystologic
saline solution and given ntravenously in a volume of 0.2 ml 30 to 40
munutes before the experimental run

In our hemorrhagic procedure, pretreatment with dibenzyline
doses of 5 pg and 20 pug /100 gm body weight was also very effectrve
(3) The survivals, shown in Table XXXIV were 875 per cent
with the lower and 934 per cent with the higher dosage level as
compared with only 20 per cent 1n the controls

The method was the same as that which I described previously
graded bleeding controlled after the first hour by a self infusion
apparatus ‘The blood pressure was matntained at or above 70 mm
Hg for the first hour at 50 mm Hg during the second hour, and at

TABLE XXXIV
The Effects of Dibenrylne* on Graded Hemorrhage 1n Rats

Noae 5 ag/100 gm | 20 ug/100 gm
Epinephrine response Pressor None Reversal
Number of rats 15 16 15
Maximal blood loss
(per cent body wt.)
Average 34 33 37
Range 24045 23tn44 26to4.8
Uptake of blood
(per cent body wt.)
Average 047 0.28 030
Range 02t008 | 00tol0 00t009
Per cent survival
at 24 hours 200 875 934
'lnkndmtowminumpnmmblmlmy,
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30mm Hg for the remaining 2 hours  The amounts of blood shed and
later taken up from the reservour were noted Blood remaintng mn the
resenotr at the end of the 4 hour period was gradually force infused

Congestion of the splanchnic viscera 15 frequently seen 1n nommal
rats subjected to this drastic hemorrhagic procedure or to lethal drum
trauma contrasting as mentioned before with the ischemic appearance
of the muscle mass and skin  The exact mechanisms which govern ths
pooling of blood 1n the abdominal viscera are at present obscure The
gradual onset of congestion comncides 1n the hemorrhagic expenment
with the spontaneous uptake of blood from the resenour

Figure 20 1s a typical photograph of the viscera of A a normal
control rat and B a rat prewnjected with 20 pg of dibenzyline taken
after both have been subjected to 700 revolutions in the dum It
could serve equally well to illustrate the contrast between control and
treated rats after our hemorrhagic procedure  Microphatographs of
the arculation reflect the gross changes seen here

0 Comparatne npet of abdomnal secera n raty photographed enc
l‘-:\:::ln 700 ro(;;uom n lf;: Noble-Collip drum  ( 4) conteol shaming ton
won and atonw drtenton of 2 g portion of the put ant () d bennlhine
pretreated showing pormal tonx conteatron of the gut and abwence of cdems

and mura) Ikmorthape
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Zueifach When were the lymphatic observations made with
respect to the hypotensive sequence?

Baez The mesoappendix microphotographs shown 1n Figure 21
were tahen 60 minutes after a hemorrhagic expenment They are
however also typical of the appearance of the termnal vascular bed
after drum trauma In the control 4 numerous foci of petechnal
hemorrhage may be seen while i the dibenzyline treated rat B
the field appears normal with the integnty of the vascular walls un
disturbed In addition we found the metarterioles and precapillary
sphincters of the controls to be unresponsive to topmily applied
epincphrine and to lack vasomotion while those in the treated rats
exhibited the usual increased sensitivity and enhanced spontancous
vasomotion characterstic of the compensatory vascular reaction follow
ing hemorrhage.

The results of a small sertes of expeniments on the comparative effects
of tsmrtrenrm:nt with dibenzyhine atropine, and hexamethonium 1n
graded hemorrhage in rats are presented m Table XXXV  Although
in our drum traumsa senes neither atropine nor hexamethonium had

FIGURE 21 Mrcrophotographs of the terminal vascular bed of the rat meso-

ix taken after 4 bours of hemorrhagic hypotension  (A) coatrol ammal

ing atonic distention of the collecting venules and petechnal hemorrhages

and (B) dibenzyline-pretreated animal showing toaic contraction of the met
artersole and absence of hemorthage
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TABLE XX\V

Comparative Effect of Dibenzyhine * Atropine Sulfate t and
Hexamethomum Bromidet in Graded Hemorrhage
n the Rat

Atropine
Sahine | Dibenzphine | ‘e )" | Heamethonum

Pretreatment 20 Bromide
1 rg/ romi
Comtro 100 gm 120(’,”54 1 mg/100 gm

Number of rats 22 19 20 19

Number suniving
at 24 hours 6 12 12 7

Per cent sunval
at 24 hours 27 63 G0 37

*Insected 40 to 60 minutes before bleeding.
+Injected 20 to 60 mnustes before bleeding

been effectne, atropine appeared to offer protection in this hemorchag
series whereas hexamethonum did not

Burch  \Was that a very large dose of hexamethonium in respect
to the dose of dibenzyline?

Nickerson The major problem m selecting the dose 13 the duration
of action The dibenzyline dose can be regulated quite precisely because
this drug produces the same level of blockade for many hours !
suspect that this large dose of hexamethonium was given in an attempt
to extend the effect over the 4 hour penod of stress

Burcl Was the dose a single one?

Baez. Yes a single dose

Nickerson At the beginning of the expenment this was a very farge
dose We do not know the amount of drug present at the end of the
hypatensive pertod because we do not know the rate of renal clearance
It would not be a very big dase at the end of the penod f the anmal
wete normal

Shorr Do you think the hidner would get rid of very much? Do yua
think that a shocked hidney would have much of a unine flow?

Nickersen  Considerably less than the normal

Rermmegte» Do you have any evidence on the degree of ganghoni
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blodkade effected®> Was 1t sufficient to produce a reduced response
to a gnen nene shmulahon?

Baez. No we have not measured the nse to nene shmulation

Zirerfach Can yon provide objectne evidence that the hexamethon
1um 1s actually exerting & blodking action 1n your expertments?

Baexr 'We have not measured the degree of ganglionic blocking
We sumply tried the same dose of hexamethonmm used by other
mvestigators (4)

Zuerfach Effective ganglionic blocdhade 1s usually accompanted
by a corresponding fall in blood pressure. In instances where the

re has not fallen or has already returned to normal levels the
g potentialittes of the drug are highly uncertam

Baez. With this dose 1n the rat we obtained a drop 1n blood pressure
of 30 to 60 mm. Hg However this depressor effect of hexamethonum
lasted only from 10 to 12 munutes so that at the time when we began
our experiments, the blood pressure was fully restored to control levels
The terminal vascular bed however remained plethoric for over 120
munutes

In Figure 22 the data, expressed in per cent of body weight have
been averaged for each group of ammals n this senes  The amount
of blood shed the duration of maximal bleeding and the rapidity and
amount of blood uptake are shown We consider these values to be a
reflection of the cardiovascular adjustment during both compensatory
and decompensatory phases of the shock syndrome  As can be seen
the bleeding-out pattern does not differ essentially in the control and
experimental groups The peak of maximal bleeding was reached
carliest 1n the atropine-treated rats and last 1n the dibenzyline treated
rats This level was maintained longer by the atropine and dibenzyline
groups Impending dccom;)cnsntmn indicated by the spontancous up
take of blood was delayed only 10 the dibenzyline group The hexa
methonium-treated serres showed a pattern of bleeding which did not
differ from the untreated controls

The status of the hepatic ferntin regulating systems was mh estigated
after drum trauma 1n a small series of adrenalectomized salt maintatned
rats  The fist column 1 Table XXXVI Lists the findings
adrenalectomized rats not subjected to trauma It can be seen
i the second column that the liver slices from untreated shoched
rats released vasoactrve ferritin 1n oxygen and had completely lost
thewr aerobic ferritin mactivating capacity whereas n the last col
umn, the livers from the dibenzyline treated amimals released no
ferntin acrobrcally and were able to sactivate vasoactive ferritin to
about the same extent as the adrenalectomized unshocked controls
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Fxotxr 22 Dragrammatic fepresentation of the bleeding pattetn in dibenny line
atropine  and hexamethorium treated cats and dherr controls

MB = average maxsmul blood lows
m = nctage durabon in mnutes of the maximal bloadd foss

Bio-assays of blood samples drawn after drum (rauma confirmed the
findings m the Iners blood from treated ammals usually contained no
VDA while the opposite was true of the contruls

Shorr It 1s timportant to note that the rats presecated with dibensy
hine amurtmly retained thees wsual feentin mavatng capaoty after
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consists of a profound modification of the hepatc ferntin svstems
It remains to be deaided whether this newly descnbed action of dibenzy
line would be sufficient 1n 1tself to protect these anumals agains. the
hypoxia of standard shock procedures by preventing the degree of
rhysiologic detenoration which results n irreversibality

Zuerfuch  Circulatory insuffiaency does not develop 1n the fier of
the dibenzyline treated rats?

Buez. At present 2ll the agents which benefically modify the eut
come of experimental shock must be admimstered before the star of
the stress procedure  Therefore, 1t would seem that something has been
modified to prolong the compensatory adjustments an these amumuls
as compared to their controls

Nickerson 1 think of this effect of dibenzyline as more the mirror
mmage of your formulatron Instead of sayng 1t prolongs compensation
I should say that 1t has prevented something which contnbutes to
deternoration.

Shorr  That 1s correct

Nickerson Thus sumply provides a hittle different connotation

Shkorr Which then requires that we try to establish the nature of
the mechanism by which this protection 1s achieved whether it 15 the
better presenation of the blood flow or whether 1t 15 some other effect
by which this could be achieved

Hortath Have you measured the blood flow 2

Bue—. We have made direct mucroscopic obsenvations of the blood
flon. in the mesoappendix but we have not made any quanutatne
measurements 1f that 1s what you have in mind

Fremont Smuth  The blood pressuse 1s down in both cases?

Shorr Yes

Frenont Sruth - So your common denominator 15 a basic level of
blood pressure?

Ankerson And an equal amount of bleeding

Harst 1 should Itk e to add here that i the tourniquet type of shodk
with 2 3 hour apphation penod  dibenamine which 15 similar 5
dibensvline had 2 ven dramatic effect when gnen as a pretecatment
20 hours before tourniquet release

Buez We next studied the ferntun oadation reduction systems 38
an ndex of the metabolic state of the Iner m rats pretrested with
dibenzvhine and subjected to hemorthagie shodk (Tigure 23) 0 As we
demonstrated earlier 1n the discusston, the biver of untreated s rats
lotes both its ability to restrwt fernnn refease to anacuburin and e
te ferrtin aerobrally  In the dibennline pretreated

t to inactna
Pt properties are proenal bor this finding des oot

rats bo b of these
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tell us whether the protectron of the hepatic ferntin systems during
the hypoxta of shock 15 caused by a direct action of the drug on the
liver at a cellular level or by a better perfusion of the splanchnic area
resulting from the adrenergic blockade.

The stnking thing 1s that dibenzyline permits the hepatic ferntin
systems to wuhstan:i the hypotensive period without damage (Figure
23

’)th possibility of & direct effect of these agents upon liver metabe-
lism, as contrasted wrth an indirect effect brought about by better
percfusion of the sFlmchmc area, was now investigated by m rutro
exposure of normal lwver slices to the drugs 1n the same manner as I
described earlier for our aurcomyan i riro studies (page 103)

In cach instance liver slices obtained from the same pormal rat were
exposed for 10 minutes under aerobic conditions, to dibenzyline,
atropme, or hexamethonium in respectne concentrations of 2 pg
20 pug and 10 ug/gm of tissue. The slices were then washed

VDM Liver slice Incubation
Activity Og ¥ 60 minutes Plus ferritin
02 x 120 minutes
Strong .8 0 00 ® ® 00 00
Moderate [
Neutral CoOO0OO0OO0OO0OOSe O00OO0OO0DO0OEe
| ® =Controls O =Dibenzyline

Frtrr 23 Effect of pretreatment with dibenzyline (20
weight injected from 60 t cedrn, § /bcpmcwo e,
ol tnyect hunonh;gxcohmbdm bl 5) on d%e ferntin
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Baez. We use the rat mcsoappcuﬁlz a?lyéo determine the VDM
actrvity of a given sample of crystallme ferntin

Engel ngavt does rﬁbmzyimc alone do when applied directly in
the mesoappendix preprration?

Baez. Dibenzyline induces in the normel rat a marhed decrease
the sensitivity of the metarterioles and procnpéllnry spl;mctc(x; 6t)0
topscally spplied epinephrine and a suppression of vasomotion
Tll:e mLmPEy mdepduﬁnou of this effect are directly related to the
amount given However after 18 to 2 per cent of bleeding the mt
mjected with dibenzyline exhibits an over all pattern of compensatory
adjustment 1n the peripheral vascular bed to that seen 1 untn
jected contral rats after the same amount of bleeding

Shorr Dr Engel s question was whether or not the medrum after
this treatment conhamczuemugh dibenzyline to mfluence the bio-assay

Baez. 1believe not. ‘The amount of dibenzyhine used was 2 pg /gm
of tissue. After the 10-minute oxygen exposure, the medum con
taning the drug was discarded and the slices were washed twice before
they were tncubated 1n nutrogen. The second wash was tested and found
to be vasownert

Nickerson ‘There 1s an added safety factor If any appreciable time
clapsed between the sncubation and the mesoappendix assay any
restdual dibenzyline in the medum would have decomposed

Shorr The mtervals would be 90 minutes 1n the one, and 50 plus 120
munutes 1n the other

Baex. In this case we are getting neutral assays if there were
signtficant dibenzyline contamination we would expect VDM effects

Engel The smplication of your study 1s that the dibenzyline does
have a direct effect on liver metabolism. It presumably must have a
rather broad effect since there 1s at least one other report (7) from
Canada which shows the nse in plasma amuno mitrogen dunng hemor
rhage to be less in dibenzyline treated anumals than 1n untreated animals

Horrath There are several other points too The volume of blood
they withdrew from dibenzyline treated anumals was considerably less
than from those animals which were not pretreated with di
If the dibenzyline was gnen 85 munutes or so after the bleeding 1t
was not effectise. In other words there was a decided time element as
to when the dibenzyline produced an effet If 1t was given too late,
it did not have any effect. There was a certain critical ttme n which
the dibenzyline produced this bencficial effect which was related to
the blood volume

Nickerson  For the time intervals to mean anything the shock
procedure as well as the time of drug administration must be speofied
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and incubated tn nitrogen for 90 minutes for tests of anaerobic ferntin
formation, Follow ing this exposure to anaerobtosis the aerobrc ferntin
mactivation capaaty of the slices was tested The controls consisted
of slices from the same liver treated similarly except for the omission
of the drug  The details of the procedure are the same as described
carhier 1n the discussion (page 103)

The dibenzyline part orakhc expenrment allustrated 1n Figure 24 18
the important part At this low concentration 1t completely prevented
the anaerobic release of ferntin and also preserved the fernbin tnactna
tton mechanusm from deteroration duning the 90-minute anaerobx
period  The control Inver slices obtained from the same rat imanably
showed anaerobic production of vasoactne ferritin and a total loss
of fernitin mactivation capacity

Zwerfach What method 1s being used to determine the ferntin
content?

VOM Treatment of |lver slices after exposwre to drug
Activity Np x 90 minutes Nj x 90 minutes, then O2
+ fenitin x 120 minutes
Strong e e e o o B b &
L I NN N

Mederote [ 8
Mild as L B ]
Neutrol o 00 o0 oo o

® = Controls & = Hoxomethonium

© = Dibenzyline ® = Atropine

Micure 24 Comparative m puro cffect of dibenzyhine atropine and hexa
methonum on the hepatic ferntm systeme. Liver slees (1 gm.) incubated for
10 munutes at 373 C with 2 20 and 10 ag dibennyline atropine and hexs
methonsum, respectvely m 3 ml Ringer pf-oq)h-\.l: medium m orygen. Slkos
washed tw ke and retncubated.
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Baer. We use the rat mesoappendrx assay to determine the VDM
activity of a given sample of crystalline fernhin.

Engel What does line alone do when applied directly 1
the mesoa dmx preparation?
Bacz ng lul:c induces 1 the pormal rat a marked decrease 1

the sensitivity of the metarteroles and precapillary sphuncters to
topically applied epinephrine and & suppression of vasomotion (56)
The wntensity and durstion of this effect are directly related to the
amount grven. However after 1.8 to 2 per cent of bleeding the rat
injected with dibenzyline extubits 20 over all pattern of compensatory
adjustment 1n the peripheral vascular bed 1 to that seen 1n unin
jected control rats after the same amount of bleeding

Shorr Dr Engels question was whether or not the medium after
thus treatment contxun:iucnough dibenzyline to mfluence the bro-assay

Baez 1 believe not. The amount of dibenzyline used was 2 ug /gm
of tissue  After the 10-munute oxygen exposure the medim con-
tawnng the drug was discarded and the slices were washed twice before
they weze incubated 1n nitrogen  The second wash was tested and found
to be vasotnert.

Nrckerson ‘There 1s an added safety factor If any apprecable time
clapsed between the ncubation and the mesoappendir assay say
restdual dibenzyline 1n the medim would have decomposed

Shorr The intervals would be 90 mimutes in the one, and 90 plus 120
mtnutes n the other

Baez. In this aase we are getting neutral assays if there were
significant dibenzyline contamination we would expect VDM effects

Engel The unplication of your study 1s that the dibenzyline does
have a direct effect on liver metabolism. It presumably must have a
rather broad effect since there 15 at least one other report (7) from
Canada which shows the nse m plasma amino mitrogen duning hemor
rhage to be less in dibenzyline treated antmals than in untreated znimals

Hortath There are several other ponts too The volume of blood
they withdrew from dibenzyline treated amimals was considerably less
than from those amumals which were not pretreated with dibenzyline.
If the dibenzyline was given 85 munutes or so after the bleeding 1t
was not effective  In other words there was 2 deaided tume element as
to when the dibenzyline produced an effect. If it was gven too late
tt did not have any effect There was a certan cntical tme 1n which
the dibenzyline produced this benefial effect which was related to
the blood volume

Nickerson  For the time intervals to mean anjthing the shock
procedure as well as the time of drug admumstration must be spectfied
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Admunistration of dibenzyline 85 mmnutes after bleeding was actually
treatment after the shock had become irreversible because therr total
shock period was only 90 minutes They found that dibenzyline given
30 munutes after the tnduction of hypotenston still protected

There are several factors of interest 10 relatron to the dibenzylme
protectron One 1s that dibenzyline reacts very rapidly and preferen
tially with sulfhydeyl compounds (8) 1am not sure that the present
data are adequate to show that the dibenzyline protection 1s brought
about by an action on a metabolic system 1n the lner as distinct from
the vascular effects of adrenergic blockade. However the tools necessary
to decide this pomt are available Many compounds are known which
have the same reactne alkylhalide grouping as dibenzyline, and
which react with sulfhydeyl groups i essentially the same way, but
which do not black sympathetic actvity It will be important to test
such compounds for their ability to protect against shodh and to
protect the Iner agamst the effects of anacrobiosis

Engel Did 1 understand correctly that you gave your anumals 20
ng /100 %Tn and you also added 20 pg to however much you had s
the vessel in which the liver was 1 ted?

Baez. In the shock expenments 10 which the livers were removed
for study after the hemorrthagic procedure 20 pg /100 gm body
werght of dibenzyline had been injected intravenously 60 munutes
before the expertmental run and no dibenzyline was added to the Iner
slices for incubation In the 1 tstro experiments normal lrver slhes
were exposed for 10 minutes to 2 pg of the drug/gm of ussue m
a volume of 5 ml This solution was discarded and the slices were
washed twice before they were mncubated 1n nitrogen

Engel Presumably one to 2 ug would still be a lot more than the
liver would get from the mjection into the animal

Baez. You may be nght 1 would not want to guess how much of
the dibenzyline injected s r7r0 would reach the Inver We have really
not explored the minimal dose capable of effectnely blocking the
anaerobic release of ferntin i rtro This should be studied

I should like to say in concluston that I believe we have clearly
demonstrated an action of dibenzyline on the hepatie ferrtin systems
which 15 independent of tts adeenergic blocking properties However
the data 1 have presented pemut no mferences regarding the cxtent
to which each of these two actions enters mto the protection afforded by
thes agent 1n shock

Frauk Do you have an explanation for the very similar action of
aurcomyen and dibenzyline 1n this respect?
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Beez. The same cffect 1s brought about but at present we do not
understand the mechanusm,

Frank Do you think 1t 15 & common pathway for the two molecules?

Baez 1am pot i a position to answer your question - Although the
end result 1s the same, we have no speafic information at present on the
pathway of either molecule

Shorr  According to the concept which we are using as a working
hypothests this agent affects the Liver ferntin mechantsms 1n & favorable
manner  On the other band, the perfuston of the splanchaic organs 1s
also favorably influenced by the reduction of vasoconstriction which this
drog brings about  As long as there are two factors operating 1t 1s
impossible to deaide which 1s of crucial importance for recovery  Sim
tlatly with aureomyecin there 13 the problem of its antibtotic action
and its achion on these same systems What we require therefore 1s
a compound which has no pharmacologsc action and which yet retans
the same beneficial influence on the ferntin systems. Such a compound
should help to deade whether or not the ferntin systems play 2 sig
wificant role 1n shock. We have some new evidence to present on this
point later

Nickerson Information on the role of vascular factors 1 the pro-
tection provided by adrenergic blocking sgents can also be obtamned
from experiments 1avolving adrenergic vasoconstriction. We have doae
some work on the production of shock by vasoconstrichon and were
surprised to find how sensitive antmals are to its deleterious effects
Infusion of norepinephnine into dogs at a mte of only 20 pg /hg /mm
(base) will produce typical irreversible shoch 1n & high percentage of
the anuals within less than 4 hours

Fremont Smuth  1s this the same kand of thing Freeman did many
years ago with ordinary epinephnine?

Nickerson Freeman 9? found that epinephrine infusions caused
marhed reductions 1n arculating blood volume Erlanger and Gasser
310) had previously shown that infusions of epiephsine could produce

cath from what appeared to be shocl, but in :Em expentments the
eptnephrnine was infused in large amounts uatil the arculation failed
and the ammal died  Mast of our animals die long after the end of the
infusion The course of the blood pressure in these expertments 13 of
some tnterest la a typreal expeniment 1t may increase from a mean
of 130 mm Hg to 180 mm. Hg dunng the first 10 or 13 minutes of
infuston and then gradually return to normal during the remainder of
the infusion peniod At the end of the infusion the animal 1s essentral!~
normotensive although this does not mean that \asoconstriction s
present The cardiac output 13 much below the control level
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Zuesfach Do these ammals show sigas of Imonary edema or
any evidence of reduced oxygen tension 1n the bloodstream?

Nickerson  Nao obvious pulmonary edema  After termination of the
nfusion, many ammals recover from the Light barbiturate anesthesta
and appear to be quite alert and active, Most deaths occur from 12 to
24 hours after termunation of the nfusion

Dobson  What kind of ammals did you use?

Nickerson Do,

Lermne In the adrenalectomized amumal there 1s the same result but
much earlier and in response to smaller amounts

Shorr Is this in the rat or the dog?

Lerme In the rat.

Nickerson Your sesults fit into the general pattern of greater
sensitinity of adrenalectomtzed antmals to many forms of stress

Horrath Would hypertension occur with ncosynephnine instead of
epinephnne?

Nickerson My guess 1s that 1t would, but I know of no data en
which to base a definite answer

Hortath 1t does not, though the pattern 1s the same  If neosyn-
ephrine 1s grven, an increase n blood pressuze 1s obtaned, and as time
goes on and infusion continues the blood pressure has 2 tendency to
fall These arumals will not go wto shock They can die alterward

Nickerson  What s the duratiod of the infusion?

Hortath 1t1s 3 or 4 hourts

Burton 1 should like to go back to the expennments with the block
ing agents Most others find that when # blocking agent 18 used
less bleeding volume 1s needed to lower the pressure In the subse
quent time there 1s a greater self infusson to heep the anmal at that
pressure than there 15 1n the unblocked animal  But I gathered that thrs
was not the finding 1n these expertments  Did you not find a much
lower bleeding volume and a greater renfusion? lsnt this a strange
discrepancy from the work of several other groups?

Bae~ You are correct that there 13 a discrepancy in the pattern of
bleeding as reported by others In our Figure 22 and Table AN
an equal or larger volume of blood than in controls has been shed by the
dibenzyhine treated group  This was also the case i dogs in our
laboratory (11) However the method of graded bleeding we used
in these expenments 18 probably responsible for this difference When
hypotension s rapidly induced the anmal may be deprned of the
complete compensatory response of whikh his arculatory system 8
capable In our hands the significant difference in the bleeding pattem
betwcen the treated and the untreated rats 15 a delay 10 spontancous
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blood uptake by the treated ammals and as you pomted out, a slightly
Iarger volume of blood remarns to be remfused at the end of the expen
mental period
Hortath Some of the other reports also have vagiable figures They
come 1n and state the converse the volume of blood 18 reduced.
Nickerson 1 should like to quote Dr Burton some data from the
Untversity of Western Ontario 1 believe that n his thesis Dr Lloyd
Bedh, now at the University of Michigan reported that even with hus
farly rapid bleeding total bleeding volumes were statistically nds
tinguishable in the control and dibenamine treated groups if the dose of
blocking agent was relatively small. Protection s also obtaned with
large doses of blocking agent but the animals bleed less The dose
fgltockmg agent grven 1s very important  1f compensatory mechanisms
are completely abolished and some drug toxicity 15 added to the stress
of bleeding, the total bleeding volume may be reduced However, there
15 a range of blockade 1n which the blood loss 1s equsl to that of the
controls and protectton s still demonstrable Another factor of impor
tance 1s the rapidity of bleeding Dibenzyline- or dibenamine treated
arumals do not compensate by reducing the volume of their vascular
system as rapidly as untreated animals They can ultimately adjust
to the decreased volume, but the response ts slower
Frank 1 should like to agree to the two potnts that have been made,
the rate of bleeding and the dose. Also there may be a species differ
ence as well because 1n our experience with rapid bleeding as much
blood was obtamed from dibenamimzed rats as from untreated rats
Instead of setting the duration of hypotension arbitranly we warted
for spontaneous retumn of blood from the reservoir  Our dibenamintzed
rats 10 8 hours had not taken back as much blood as the control rats did
n 3 or 4 hours, and about 70 or 80 per cent of the treated ones survived
whereas only 10 or 15 per cent of the untreated survived So 1n the
rat the benefit seemed unequivocal
In our dog expeniments if we gave enough dibenamine to get
clear-cut epinephrine reversal, we never could bleed our dibenamintzed
dogs neardy to the extent that control dogs would bleed We had the
strong impression the only protection we were conferning was by virtue
of the lesser degree of reduction of blood volume
Burton They also took back more dudnt they?
Frank Yes

Bacz. In the dog ments I mentioned before, we gave 2 mg of
dibenzyline/hg of body werght from 15 to 18 hours before bl ng
at which time the pressor effect of cpmephnne was still reversed Dr
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Franl would you elaborate a bit on your dibenzyline dosage and teme
schedule?

Frank We gave three dosage programs to the dogs some $ mg /kg
03 to1hr betore shoch 15 mg /hg at the same interval before shock,
or 20 mg /hg 18 to 20 hours before shodh. It was only after the small
dose which produced eprmephrine blockade but not reversal that the
animals bled normally  Dr Remington (12) published a similar ex
penence some years ago

Rernngton  We seem to be repeatng what was sad 3 years ago
It was then pointed out that the effect on lethal bleeding volume was
related to the dosage level of dibenamine used  May 1 also remind you
that the blood flow through the gut in the dibenaminzed dog falls 1s
low no matter what dose or what bleeding volume was used to reduce
the pressure to the same low level as 1n the control animal  The amount
of oxy gen extraction tn the two antmals cannot be distinguished  Thied
may I stifl strongly champion the 1dea expressed then that the blecding
volume 15 not necessarly a proper means of evaluating the amount
of arculatory stress  The heaily dibenaminized dog 15 trjang to pet
fuse a whole vascular system A relatinely small blood loss may cause
a large pressure fall Despite the low bleeding volume, hus ctrculation
may be just as precariously balanced as that of a control ammal who can
effectnely shut off lasge areas of its onginal vascular bed and requures
a larger bleeding volume to effect the same pressure fall

Nreon T think 1t 1s important though to recognize that they can and
still have a dufferent survival

Nueckerson ‘The difference betw een the ease wnith which dibenzyline
protection 1s demonstrated in the rat and the dog probably 15 an ex
pression of a fundamental difference between these two species
rat perhaps because of its size or s natne toughness has a larger
margin of safety than the dog  The dose of bloching agent must be
just right ta order to obtan both protection and equal blceding in the
dog The rat has a farly wide range within which this 15 passible and
evervone seems to pet compatable results

Trank  There 1s another difference 1t 1s very obvious and it relates to
what you spoke of carher the fact that the blood pressure level of 30
or 35 mm Hg in a dog 1s verv catical and of it drops a mullimeter or
two below that the dog stiffens with permanent central nervous system
damage If artenal pressure s hept above that the dog 18 all aght

Qur experience with rats 13 that veny often a rat cannot be bled
abruptly down to anyahere aear that low 2 blood pressure without
1ts becomng apnex we have been forced to give back blood and hleed
more gradually in the case of a control rat  The rat scoms to vawncon
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strict more strongly than the dog because you can just about exsan-
guinate some rats at a blood pressure of 100 mm Hg However dibena
muntzed rats can be bled smoothly without thetr experienang respiratory
difficul

Nldteyrmn Does anyone know whether the rat has more sympathetic
vasoconstrictor control 1n 1ts cerebral vascular bed?

Frank The mat acts as though 1t docs. I wonder if someone can
answer that. Certainly tus brain stem response seems different.

Furchgost 1 should like to ask 2 question about the m rutro c:gcrl
ments Granted that most of the dibenzyline has been removed by
washiag at the end of the exposure period, and that 2 good part of
the dibenzyline remainmg in the tissue would undergo degradation
duning the course of the incubation, 1s there not yet the possibility
that there might still be sufficient dibenzyline present during the course
of the incubation to react with the SH groups of the ferritin released
and thus mactivate ferrttin?

Baez. 1 really cannot guess the amount of dibenzyline necessary for
this reaction. However we were not able to detect any change 1n the
VDM activity of (00008 pg N) crystalline ferntin on incubation with
arbitranly chosen amounts of dibenzyline (001 sod 01 pg) which
per se ace vasomert. Consequently 1 am achined to believe that the
dibenryline 1s not 1ateracting directly with the ferrtin but that it
requires an intact cell or cell product for this effect

Fxrchgott In the control experiments 1n which a muxture of dibenzy
line and ferntin 15 tested should the injecticn be made immeduately
after mmung or should an mcubation period be allowed before in-
jectron?

Baez. The muxtures were incubated 1n the room air for 20 munutes
before bio-assay

Farchgott  You never incubate an hour at 37°C.

Baezx No

Sborr I think Dr Furchgott s pownt 1s this  Should we have mcu
bated 90 munutes?

Baez We have not done that. In one tral the VDM effect was not
destroyed when femntin and dibenzyline were meubated in oxygen for
20 minutes

Horrath Dud you incubate at room temperature of 28° or 25°C. or
whatever the room was or at 37°C.? That amount of temperature duffer
ence makes a great deal of difference in response of even the same
reactions or chemical reactions 1nvolved

Baez  Both the oxygen and the air incubattons were at 37 5°C.
What | meant was that tn addition to air we also tried an environment
of oxygen for 20 munutes
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Shorr At 375°C.

Hortath Why do le keep on using 37 C. when tha \
logrcal sort of tmp[;cmot}:m)fcp & ot aney

Shorr What 15 more logical ?

Hortath Is that the temperature of the tissue you are studying?

Shorr  Can you suggest a more logical temperature?

Horrath 1 think so

Shorr 1 should not think the temperature would be so critscal that
1 or 2 degrees would make any difference  Performing all the metabolic
expeniments at 37 5°C. s certarnly better than having the temperature
uncontrolled

Hortath The temperature varies considerably

Shorr  How wide are the varations?

Hortath  As much as 10 or 20 degrees

Shorr Ten or 20 degrees centigrade?

Horrath Yes

Nickerson  Not the deep tissues

Hortath \hat do you mean by deep tissues® The hver can be 40°
or 41°C.

Nickersonr But not 10 degrees from 37 5°C.

Horiath Other tissues may have temperatures of about 20°C

Shorr Do you think this ts a serious objection?

Horrath No [ was just curious why people use 37°C,, and [ have
never been able to find anybody able to tefl me anything cxcept that it
13 convenient

Fremont Smutb - And conventional

Horrath  Conventent and conventional are tied 1n together

Shorr We now have many facts collected at 37 5°C. which are com
parable n this respect and this is one of the compelling reasons »hy
we continue to use it

Fremont Smeth  You are making the point not comparable 1n the
body necessanly although st 13 comparable outside the body W e are
making 1 taat assumptron that 1t 15 comparable within the body We
must watch out for that Isnt that your pont?

Hortath Yes

Shorr We could only wish that other condibons of our expenments
were nat less comparable to those 1n the body

Letme Ours was a backdoor approach to shock bevause the expen
ments* which were performed hetween 1950 and 1952 were not done

oents trd ot 4 the werk 4§ Dy Minrece € 14 eon, D Fuaefte
e e iovng T s & ¢ putly rrpoamble = b e 1 the Sk and vies

deselopal
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for the primary purpose of a study of shock. We wanted to study the
mode OF action of the corticoids on stress, and we selected muscular
exercise as the stress which could be most convemuently observed  Mus-
culsr exercise 1n the adrenalectomized snumal leads to very mapid fatigue
and 1f contioued beyond the stage of fatigue ends 1a death caused by
vascular colla

The first thing which we asked oursclves was, did the susceptibility
to fatigue denote any peculiar metebolic changes or differences from
pormal 1n the neuromuscular or muscular apparatus of the adremalec
tomuzed animal?

Figure 25 shows the contraction of a rat disphragm stimulated via
the phrenic nerve. It can be seen that the diaphragm taken from the
adrenalectomized amumel contracts as vigorously and for as long a
period as the same muscle taken from a normal ammal Even when
tahen out of adrenalectormuzed antmals which were exhausted 1 1710
(by swimmung) the diaphmagm performs normally s #tro

Many such expenments convinced us that the fatigability of the
adrenalectoquzed animal m vrvo was not crused by intrinsic functional
impatrment of nerve, neuromuscular junction or even the muscle itself

13-18)

( In expenments with dogs the procedure was to sumulate the gas-
trocnemius muscle s sitw at the rate of three stimuli per munute

In the normal amimal, the contraction, even after 12 hours remained
steadily at its intral hesght. The blood pressure was not significantly
changed throughout this period (Figure 26)

In the adrenalectorized animels the contractions again were 1mtsally
as vigorous as 1n the normal group and continued about 2 to 314 hours
Then the contractions began to fail and diszppear almost completely
but invansbly this was preceded by a fall 1n the blood pressure and by
other criteniz sigmfying shock, such as hemoconcentration, cardiac
output changes ctc  When the blood pressure fell below 70 mm Hg
there was failure of the contraction (Figure 27) If stmulanon s
continued beyond this pount, the blood pressure will continue to fall
and the animal will die during the next hour

We nanted to demonstrate that if the blood pressure could be
artifiaally rased then the contractions would resume and become
forceful ' That can be done tempomnly as the blood pressure 15
ratsed, contraction revives again_only to fall bacl once more  Among
other devices we used norepinephrine, and we found that one must use
very large doses of norepinephrine during the period of stress 1 the
adrenalectomered anumal, to rasse its blood pressure, amounts far greater
than are needed in the normal animal
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ulated 3/mun. ninted, by permtssion, from stein,
MMuKRlEchhmofmmmfmgucmthcadmﬂ:qmdagm
Jequate curculatory ady Am | Phbysiol 163, 561 (1930)

Barch Diud the decrease 1n blood pressure cause the muscle fatigue?

Lectne Yes when the blood pressure drops below 70 mm. Hg the
muscle begins to show significant fatigue

Green Did 1 understand cotrectly that there was hemoconcentration
mn the dog before the blood pressure fall?

Lerme Yes there was hemoconcentration at the tume of this fall

Bwich Dud flurd enter the contracting muscles?

Lermue 1 cannot say 1 do not think so as far as sizeable edems 1s
concerned It did not swell visibly

Furchgott May I ask whether this 15 continuous stimulation?

Lerme Continuous over the whole Only portions of the
recordings are shown tn Figures 26 and 27 Next we compared the
normal with the adrenalectomized dog when both were gnen three
doses of norepinephrine intravenously (023 05 and 10 pg/lg)
The pressure nses were proportional to the dose n the normal dog
However 1n the adrenafectomized ammal under snesthesa which s
sufficient stress the blood pressure effect 15 dustinctly dtaunished
(Figure 28) *
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Firurr 27 Contraction of dog pastrocnemius  adrenalectomuzed animal  Re
Rnnlcd by permisuon from Goldstein, M S Ramg E. R, and Levnc, R
clation of muscular fangue in the adrenalectomuzed dog to inadequate aircu
litory adpntment  Awr [ Physrol 163 3¢ 1 (19%0)

Nigure 29 demonstrates again the relatne ansensitinity to nor
epinephrine which dmclo{s duning stress m the adrenalectomized
dog Imtially the effect of a norepinephrine dose 1s not too different
from the normal control  But as the ammal stays undee the mfluence
of the anesthetic for from 40 to G0 minutes the blood pressure falls
and the response to norepinephrne becomes more and mare feeble
This occurred with every type of stress employed i the adeenalecto-
mzed animal

If normal dogs are grven a constant antravenous infusion of
norcpinephrine (Figure 30) the blood pressure rise occurs snmeduately
and the high level 1s muntained  If one discontinues the infusion the
blood pressure falls 1f more of the drug 15 gven the blond prewure
fises agun However in the adrenalectomuized ammal the notepinerh
nne stsell scems to exert a steess because it does not rase the blood
pressure as well us 1t docs i the normal anmal and alo beause
stespectnne of continuous mfusion the blood pressure begins to fall



Blocking Agents m Expernmental Shock 177

mm Hg
1|

2
E 50
. 40
&

30
!

20

10 |_|

. Njja 1311 I Nj|A

033 0.5 10
micrograms nor adrenaline/kilo

Fcurr 28 Companson of blood pressure rise 1n the normal (N) and the
adrenslectomized (A) dog Reprinted, by permusnion, from Ramey E R Gold
stan, M S and Levine, R, Action of nor<pinephrine and adrenal corthiaal
steronds o blood pressure and work performance of adrenalectommed dogs.
Am | Physol 165 450 (1951)

More norepinephnine will rasse the blood pressure temporanly Despite
trebling the dose of the drug stress continues until death 1n shodk.

We were still concerned, of course with the mechanism of stress n
the adrenalectomized animal the end result of which 1s a shodh state
We felt that we needed some working hypothesis with which to
operate. The working hypothests which we developed was outlined
a3 follows If in the normal animal & stress 1s induced be 1t bleeding
muscular exercise formalin injection or cold exposure this stress will
be signaled to many tissues  Let us constder the signals to the central
nervous system and the responses elicited It 15 agreed that the pituttary
1s activated, leading to adrenal cortical activity and an outflow of
corticnl sterords  Suppose that n additron there 18 also 2n activatton of
the autonomic nerous system centers leading to a greater output of
effector substances such as norepinephrine epinephrine acetylcholine
ete. It 18 hnown that when the adrenal cortex 15 removed the same
stress seems to have a more deleterious effect than 1t does if the adrenal
cortex 1§ present.
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Fiourt 29 Develop of ity to pincphrine during stress of the
adrenalectomnuzed dog N = normal A = adrenalect Tute bar =
insta) pressure black bar = nise above initial pressure Repnnted by permisuon,
from E R.. Goldstein, M. S, and Levine R Actron of nor-epinephnne

and adrenal cortreal steronds on blood pressure and work performance of adren-
alectornuzed dogs. Am | Phystol 163 430 (1931)

Our assumption was that 1 the absence of sterouds the compen-
sation induced by the autonomic nervous system may become harmful
If that were a correct view we reasoned that 1n the adrenalectomized
animal blockade of the autonomic system might induce a neun?']v of
balance 1n which survival would be possible  This seasoning [ed us to
use certam blocking agents

Firure 31* shows an experiment o an untreated bilateralfy adeen
alectomized dog mamntained on desoxyeorticosterone but pot recenving
17.0H corticords He was bled at the trmes indicated by the arnmws
and a1 every pomt 2 portion of blood sas remaved the total of wiuch
amounted 1o hetneen 8 and 12 ml ‘kg There was poor capaoty
to readjust the blood pressure after every bleeding episode

When the blood was cemnfused there was some blood  presture
maintenance at a level between 30 and 60 mm Hg but in such ammals
the reinfusion did ot restore nomul pressures In the notrmal animal

—I' o hanthan o | hanthane
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FIGURE 30 Rose wnd full of blood pressure with constint mtravenous nfuson of
aotepinephning m the porma! and 1o the adrenal d dog Rep d, by
permusnont, from Ramey B R, Goldstein M. S, snd Levine, R. Action of nor
epinephnoe and edrenal cortical sterords on blood pressure and work perform
aoce of adrenalectomuzed dogs. Am | Phymof 165 450 (1931)

the same procedure, with the same amount of blood withdrawn and
cetnfused would compensate completely This 1s not the stage of
trreversibilty i the normal dog but 1t 1s srreversble 1n the adrena
lectomured dog

However 1f the adrenalectomized dog was pretreated with banthine
n dosages sufficaent to block the gangha, and then was given some
additional banthune dunng the procedure the same amount of bleeding
produced ssmilar reactions dunng the withdrawal When the total
amount of blood was reinfused the changes were those scen m the
normal animal  The blood pressure was restored to prebleeding Jevels
and the animal survived Evidence for the ganglionic blodade was
the observation that stumulation of the sastic or stappiag of the £ut
did not snduce any changes i blood pressure

Therefore, banthine 1o this dosage, has a double effect. It v pyig
1 this dosape of course nhibit the cholinerpic effectors but 5¢ the
same tie 1t 13 a ganghonic blocking agent

Figure 32 shows a different type of stress namely muscle work The
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FiGURE 31 Blood pressure responses n untreated and in banthme pretreated
brlaterally adrenalectomzed dog muntamed on desoxycostxosterons but deprived
of 17-OH corticords. Reprinted by permission fom Goldstein, M S., Ramey
E R Tntz, I and Levine R. Reversal of cffects of stress m adrenalectormred
ammals by autonomic blocking agents use of atropine banthme and dibenarmune,
Am [ Physol 171 92 (1932)

graph shows the force of contraction in terms of the per cent of the
height of the initial contractron  The blood pressure record 1s also
shown It 1s evident that the blood pressure falls before contractions
are affected  The untreated adrenalectomuzed amimal dies in shodk
as shown

However banthine protected such antmals against the effect of the
muscular contraction on vascular regulation  ‘The blood pressure was
maintained and so was the hetght of the intual contraction

The same favorable results can be obtained in the adrenalectomized
ammal «f 1t 15 grven C 17 OH sterords before the expenment It would
scem then that the 17 OH steroids protect the ammal in some way
from the delctenous cffects of autonomic averactinity  Atropine also

rotected the aumal against the eflects of induced hemorthage

Nnkersor What was the dose of atropine?

Letne  The dose of atropine was 2 mg to the ammal as & whole
at the ume of inductron of anesthesia The dose of banthine was
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Ficuxe 32 Musde stress—effect of repeated muscle contractions upon the force
of coatractton and upon the blood pressure 1o treated and untreated adrenalec
tormurzed ammals. B.:};{-mtcd,bypcrmunou, from Goldstein, M. S, Ramey E R,
Fatz, I and Levioe, Reversal of effects of stress 10 adrenslectomized animals
by autonomuc blodking sgents use of atropine, banthine and dibenamuine. Awm
| Phystol 171 92 (1952)

3mg to S mg/hg 30 munutes before the expenment and an adds
tonal 3 mg /hour to the whole aninal during the experiment

Banthine protected the adrenalectomezed rat ae;:unst a formalin
stress as measured by survival and the observation of blood flow 1 the
mesoappendix The results were the same as those shown by Dr Baez
1n his dibenzyline experiments

Norepinephrine given in large doses to the adrenalectomszed ansmal,
induces the deleterious picture observed durng shoch i the maso-
appendix  When a bloching agent like dibenzyline ts given the blnod
flow pattern rematns normal

Increased autonomic achvity 15 benefiaal for the body if st a5
at the same time 1n the presence of adrenal steroids but may become
deleterious 1f 1t occurs 1n the absence of the steroids 1 am woadern
whether 1n the normal animal 1n which a shodk procedure g md
the effects of the blocking agent are also to mash 2 certamn amonny of
this deleterious effect of overregulation We have not gone more decp'

’

-
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mto thes phase because as 1 pointed out at the beginnmng we did not
get nto this field from the standpoint of studying shock and we did
not continue these studies

One consequence has been a clinkcal one which 1s very difficult to
eraluate In chintcal shock norepinephrine 15 frequently used The
amouat of norepinephnine needed 1n order to hring the blood pressure
from shocl. levels to about 100 mm. Hg may be enormous We won
dered whether under those arcumstances the addition of steroids
would help sensitize the organtsm to smaller amounts of the constrictor
agent

Saentific evaluation of results 1s practically 1mpossible because of
absence of control data but 1t would appear that sterords have helped,
under certain circumstances, to sensitize the human in shock to notep-
mephnne  That impression 1s shated by 2 few others

Frank  Which sterords?

Lerme Hydrocortisone

Nrckerson  You are talking about autonomic overactivty as if it
were a single entity  Actually when the autonomic system is activated
reflexly stress drugs or some other factor the two duwisions tend
to respond 1n opposite directions s.e  the activity of one increases
while that of the other decreases With your dose of atropine you
presumably produce a faily spectfic snhibition of parasympathetx
activity Do you have any observations of the effect of blocking just
the sympathetic activity?

Lerme Dibenamine mn the rat gives protection agarnst a formalm
stress

Nickerson Do you have any dog expeniments?

Lersne No Ido not

Nickerson  From your data you have concluded that tn the absence
of the proper sterords, overactnaty of the autonomic system can be
deleterrous 1 wonder if we cannot think about this problem o some
what different terms  Perhaps 1t 1s not so much the balance between
sterords and autonomtc actnsty as the fact that the ammal laching
sterords 15 srmply more sensitnve than the normal to varous deleterus
factors As you pomnted out very small amounts of narcpinephrnine
Lill adrenalectomized amimals  Our expeniments indicate that not
epnephnine »ill also il pormal amimals but it takes a somewhat
larger dose 1 suspect narepinephnine 13 a stress to both and that the
adrenalectomired ammal 1s s:mply maore sensitive to st

Letme 1 should agree to that hind of wtecpretation except for some
obsensations we made on the mesoappendix prcE:mwm In an adren
alectomized ammal placed under sodum pento thita) for the regular
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observation of the mesoappendix preparstion, the bl picture of
the arculation 1n the mesoappendix was almost the same as in the
normal antmal, except, ps for less vasomotion As time went on,
while the ammal was observed with the mesoappendix exposed on the
stage of the microscope detenioration occurred in the vascular bed.

Toptcally applied norepinephrine at the beginning of the expeniment,
showed the same order of activity as 10 the normal anmmal that 15
the vessels were quite sensittve  Later there was loss of sensitrvity to
topically applicd norepincphnine. Topically applied adrenocortical
extract (contamning hydrocortisone) will restore locally the sensttrvity
to norepmnephrine without changing the situation 1 the anymal as a
whole Therefore, we feel that 1t 1s not just that the adrenalectomized
anumal 1s more sensitive because of something that happened somewhere
else, but that actually the adrenal steroids are necessary for the direct
reactivity of the vessels They seem to be necessary 1n 2 certwn amount
for many other things to act—the so-called permusstve action of Ingle
(19) Perhaps this 15 another instance of permussive action

Nickerson 1 would agree that the adrenal steroids are probably
exerting 3 permissive  actton but this would not necessarily preclude
looking at the normal and the adrenalectomized ammals as only
quantitatrvely different

Levme Yes 1 agree wholly

Fremont Snith  Pethaps there are certain quantitative amounts of
norepinephrine that are appropnate for the normsl antmal and when
that amount has been used up any excess 1s deleterious It may be
that the amount that can be used appropriately 1n the adrenalectomized
ammal 18 5o slight that almost any norepinephrine 1s deleterious In
other words 1f there 1s a combtnation of norepinephnine with tissues
and a larger amount 15 possible 1 the normal amumal than i an
adrenalectomrzed anumal, 1t would explatn this situgtion and 1t would
be acting differently because it became deleterious at a lower dose.

Lerme 1 do not know We wanted to follow this up but we got
off into a completely different program

Nickerson 1 should look at the problem this way When an antmal
r pattent 15 on the verge of arculatory collapse any addstional adren
ergic sumulus whether 1t 18 sympathetic nenve activity or infused nor
epioephrine 15 deleterious, and the adrenalectomized ammal 15 simply
less capable of withstanding the deleterious effect.

Burton  This really 15 a change of subject but I am very much
stimulated by your thinking on these expeniments 1 wonder 1f 1 your
thinking you include the possibility that i our ordinary procedure for
induaing shodk r.e lowenng the pressure, we are domng a physiologic
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mto this phase becnuse as 1 pointed out at the begimning we did not
get snto this field from the standpoint of studying shock and we did
not continue these studies

One consequence has been a clinical one which 1s very difficult to
evaluate In clinienl shock norc:lpmcphnne 15 frequently used The
amount of porepinephnne needed 1n order to bring the blood pressure
from shock levels to about 100 mm Hg may be enormous  We won-
dered whether under those crcumstances “the addition of steroids
would help sensitrze the organism to smaller amounts of the constrector
agent

Saentific evaluation of results 1s practically impossible because of
shsence of control date, but st would appear that steroids have helped
under certam circumstances, to sensitize the human 1n shock to norep-
tnephrine. That smpression 1s shared by a few others

Frank Which steroids?

Letine  Hydrocortisone

Nickerson  You are talking about autonomic overactnvty as tf it
were a single entity  Actually when the autonomic system s actrvated
reflexly ?' stress drugs or some other factor the two diisions tend
to respond 1n opposite directions, r.e., the actrvity of one increases
while that of the other decreases With your dose of atropine you
presumably produce a fairly speaific nhibition of parasympathetic
actnity Do you have any observations of the effect of blocking just
the sympathetic activity ?

Lerme Dibenamne i the rat gives protection agamst a formalin
stress

Nickerson Do you have any dog expeniments?

Lerine No I do not

Nickerson From your data you have concluded that in the absence
of the proper steroids, overactvity of the autonomic system can be
deleterious 1 wander if we cannot think about this problem in some
what different terms Perhaps 1t 13 not so much the balance between
steroids and autonomic activity as the fact that the animal lacking
steroids 15 srmply more sensitive than the normal to various deletenous
factors As you pointed out very small amounts of narepinephrine
kil adrenalectomized ammals. Our expermments indicate that nor
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observation of the mesoappendix preparation, the tal picture of
the arculation 1n the mesoappendix was almost the same as in the
normal amumal, except, ps for less vasomotion. As ime went on,
while the anims] was observed with the mesoappendix exposed on the
stage of the microscope deterioration occurred 1n the vascular bed.

Topically applied norepinephrine at the beginning of the experiment
showed the same order of activity as 1n the normal animal that 1s
the vessels were quite sensitive. Later there was loss of sensitrvity to
topeally apphed norepinephune  Toprcally applied adrenocortical
extract (contaning hydrocortisone) will restore locally the sensitrvity
to norepinephrine without changing the situstion in the animal as a
whole, Therefore, we feel that 1t ts not just that the adrenalectomized
anmal 1s more sensitve because of something that happened somewhere
else but that actually the adrenal steroids sre necessary for the direct
reactiity of the vessels They scem to be necessary 1n a certain amount
for many other things to act—the so-called permussive action of Ingle
(19) Pethaps thus 15 another instance of permissive action

Nirckerson T would agree that the adrenal sterords are probably
exerting & permissive  action, but this would not necessanly preclude
looking at the normal and the adrenalectomized ammals as only
quantitetrvely duferent

Lerme Yes 1 agree wholly

Fremont Smuth  Perhaps there are certain quantitatrve amounts of
norepmephrine that are appropnate for the normal 2nimal and when
that amount has been up any excess is delctersous It may be
that the amount that can be used appropriately in the adrenalectomuzed
anumal 15 so slight that almost any norepinephrine 1s deleterious In
other words, if there 15 a combination of norepinephrine with tissues
and a larger amount 1s possible n the normal animal thza i an
adrenalectomized animal 1t would explam thus situation and 1t would
be acting differently because 1t became deleterious at a lower dose

Lerme 1 do not know  We wanted to follow this up but we got
off mto a completely different program

Nickerson 1 should look at the problem this way When an anunal
ot patient 15 on the verge of arculatory collapse, any addittonal adren-
ergic simulus whether 1t 15 sympathetic nerve activity or infused nor
cpinephrine, 15 deleterious, and the adrenalectornized anmal 1s sumply
less capable of withstanding the deleterious effect.

Burton  This really 15 2 change of subject but I am very much
stimulated by your thinking on these expenments 1 wonder «f 1n your
thinking you wnclude the possibility that 10 our ordinary procedure for
inducing shock e lowenng the pressure, we are doing a physiologic
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mto this phase, because as 1 potnted out at the beginning we did not
get into this field from the standpont of studying shocf and we did
not continue these studies

One consequence has been a clinkcal one which 15 very difficult to
esaluate. In clinieal shock no:rmephnnc 18 frequently used The
amount of norepinephnne needed in order to bring the blood pressure
from shock levels to about 100 mm Hg may be enormous. We won
dered whether under those arcumstances the addition of sterouds
would help sensitize the organism to smaller amounts of the constrictor
agent

Scientific evaluation of results 15 practically impossible because of
absence of control data but 1t would appear that steroids have helped
under certain curcumstances, to sensitize the human 1n shock to norep-
wnephrine  That impression 1s shared by a few others

Frank, Which steroids?

Let e Hydrocortisone.

Nickerson  You are talking about autonomic overactrvity as if it
were a single entity  Actually when the autonomic system 1s actrated
reflexdly by stress, drugs or some other factor the two drustons tend
to res in opposite directions r.e the activity of one increases
while that of the other decreases With your dose of atropine you
presumably produce a farely speafic mhibition of parasympathetic
activity Do you have any observations of the effect of blocking just
the sympathetic actrvty?

Lerine Dibenamme 1n the rat gives protection aganst a formalin
stress

Nickerson Do you have any dog expeniments?

Lerme No 1 do not

Nickerson From your data you have concluded that in the absence
of the proper steroids overactnaty of the autonomic system Gan be
deleterious 1 wonder 1f we cannot think about this problem m some
what different terms Perhaps 1t 13 not so much the balance between
steroids and autonomec activity as the fact that the ammal lacking
steroids 1s simply more sensittve than the normal to vanous deletenous
factors As you pouted out, very small amounts of nrorepmnephane
kil adrenalectomized ammals Our experniments mdicate that nor
epinephnne will also Lill normal ammals but it takes a somew hat
larger dose 1 suspect norepinephrine 15 a stress to both and that the
adrenalectomized animal 1s simply more sensitrve to st

Letme 1should agree to that kind of interpretation except for some
observations we made on the mesoappendix preparations In an :du'-n
alectomized amimal placed under sodwm pentobarbataf for the regulac
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observation of the mesoappendix preparation, the intial picture of
the arculation 1n the mesoappendix was almost the same as i the
normal anumal, except, pethaps, for less vasomotion. As time went on,
while the anumal was o ed with the mescappendix exposed on the
stage of the microscope detenoration occurred 1n the vascular bed

Topically applied norepinephrine at the beginning of the experiment,
showed the same order of activity as n the normal anumal that 1s
the vessels were quite sensitive, Later there was loss of sensitvity to
topucelly applied porepinephrine  Topically applied adrenocortical
extract (contmning h rtisone) will restore Jocully the sensttivity
to norepinephrine without changing the situation 1n the ammal as a
whole, Therefore we feel that it 1s not just that the adrenalectomized
animal 15 more gensttive because of something that happened somewhere
clse but that actually the adrenal steroids are necessary for the direct
reactivity of the vessels They seem to be necessary 1n & certain amount
for many other things to act—the so<alled permissive action of Ingle
(19) Perhaps this 1s another instance of permissive action

Nickerson | would agree that the adrenal sterords are probably
exerting & permussive  action but this would not necessanly preclude
looking at the normal and the adrenalectomized antmals as only
quantitatively different

Letine Yes, 1 agree wholly

Fremont Smuth  Pethaps there are certain quantitative amounts of
norepnephrine that are appropriate for the normal animal and when
that amount has been uscf up any excess 1s deletertous It may be
that the amount that can be used approprately 1n the adrenalectomuzed
ammal 13 so slight that almost any norepinephrine 1s deleterious In
other words 1f there 1s a combination of norepinephrine with tissues
and a larger amount 1s ible 1n the normal animal than in an
adrenalectomized anmmal, it would explain this sttuation and 1t would
be acting differently because 1t became deleterious at 2 lower dose

Lerme 1do not know We wanted to follow this up but we got
off wnto a completely different program.

Nickerson 1 should look at the problem this way When an animal
or pattent 15 on the verge of circulatory collapse, any additional adren-
ergre stimulus, whether 1t 1s sympathetic nerve actvity or infused nor
epinephnine, 15 deleterious, and ti::: adrenalectomized animal 1s sumply
less capable of withstanding the deleterious effect

Barton  This really 15 a change of subject but I am very much
stimulated by your thinking on these expenments 1 wonder 1f 1n your
thinking you mclude the possibiity that i our ordiary procedure for
inducing shock, 1. lowering the pressure we are doing a physiologic
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adrenalectomy so that 0o steroids can come out of the adrenal cortex
and this 1s the cause of irreversibility Is this a possiblity? M so 1t
suggests an experiment in which the blood supply of the adrenal cortex
1s hept normal w hule the rest of the anumal 15 shoched, to see whether or
not irreversible shock can be induced

Remungton Now we must go back not 5 years, but 15 The sug
gestion had been made that shock might mvolve adrenal deficiency
pethaps by exhaustion  After a shipload of beef adrenals on tts way
from Argentina to Germany had been seized, #t suddenly seemed
smportant to those who were directing the war-time shodl research to
see 1f experimental proof for this notron could be found Constderable
effort was made 1n vanous laboratories 1n which large amounts of
adrenal hormones were gnen to anumals 1n which shock had been
produced by most if not all of the recognized comentional shock
producing procedures, and the consensus was that there was no definite
improvement 1n the arculation of the nonadrenalectomized antmal

Frank We did direct assays of corticosteroids in adrenal venous
blood samples 1 dogs before and dunng hemorrhagic shock

Letsne  There 1s more adrenal output?

Frank Not necessanly more, but 1t 18 extraordinary how well the
adrenal can maintain ts output of corticosterords despite severe blood
loss Reduction in adrenal blood flow must be extreme down to about
17 per cent of the normal blood flow before reduction tn the sterord
output can be counted on (20 21)

Fremont Smuth  Does adrenocortical blood flow follow renal blood
flow ?

Trank No 1t 1s ;ndependent As a matter of fact 1n some ways 1t
1s opposite, Dr Fremont Smuth If the arterual pressure 1s raised with
norepinephrine 1n hemorrhagic shock the adrenal blood flow will
increase and the renal blood flow will drop

Letwne Dr Burton, from our point of view and from chimcal expe
rience as well 1 should agree with Dr Remungton s standpont that it 1
more difficult to produce shock i the normal amimal or mdnidual
than 1n the adrenalectomized subject  Adrenal steroids have po cffect
in the normal but in the adrenalectomized animals the sterords restore
to normal the resistance to shock mducing proceduses s other words
the adrenocortical block comes tn as another one of the causes of the
decrements of Dr Rnisely

Bartow 1 gather that the procedure where the blood pressure 13
dropped to 30 mm Hg for example docs not result tn absence of out

flow
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Fremont Smuth 1 should like to make one comment on Goldblatt s
work on renal hypertension (22) He could not produce renal hyperten
sion mn the absence of the adrenal cortex unless adrenal cortical
hormone was supplied by injectson  Thus, of course, tes 1 also with
the relationshtp which Dr Shorr and hus group (23 24 25) have shown
1.¢ , the need for a functional adrenal cortex 1n order that the vasoexator
substance which gives the epin, c hypersensitrvity may be produced
Dr Zwefach and he showed that such hypersensiivity occurs 1n
the compensatory stage of shock which we are trying to prolong,
and have been prolonging by these experiments  So 1t seems to me there
1 a tieback 1nto that original observation at this time and that the

ibility that the same process which produces rensl hypertension
in the Goldblatt mechanism 1s the process which gives the compensation
i the early stages of shock. It seems to me we are possibly tying 2
whole sertes of factors 1n together at this pornt.

Remmgton 1 should like to leave a strong question mark on the
mmplication that adrenal crisis has the same cardiovascular basts as
does the shock of which we have been speahmn

Fremont Smrth  Adrenal crists? You mean agrenalcctom.w:d shock?

Remmgton A hypotensrve state that can be preapitated by but
small amounts of what mught be considered tranmatic procedures
be 1t the njectton of a vasconstrictor drug 2 very small hemorrhage, a
slight infection, or merely the administration of anesthesia

Lertne Dr Remington would you agree that it 1s not qualitatively
different?

Remmgton No 1 cannot agree with that It remains to be shown
that the two states are qualitatively alike

Levme 1 should say that all the stresses which will lead to crisis 1n
the adrenalectomuzed animal will, «f prolonged and bug enough lead to
vascular collapse in the normal ammal

Remmgton One major tion comes to mind Adrenal crisis
@n be produced by the giving of a relatively small plasma transfusion
It can also be mduced by the giving of a saline infusion

Harst 1s cold one of these stresses?

Lerzne 1 used cold in the rat as a stress and cold stress was not
protected by dibenamine

Nickerson In evaluating responses to cold stress it 15 important to
keep in mund the fact that agents such as dibenamine and dibeazyline

uce cutaneous vasoconstriction and thus subject the treated antmal
to more stress than the control anmal 1s subjected to at the same
ambient temperature

Tremont Smuth 1 should like to make just one more suggestion, that
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a sulfhydryl mechanism of a ferntin could operate not ol

liner but also possibly where norepmegﬁnc acts oic:ahc v:\scul:ll-ys;-;;::
that 15, on the neuromuscular junction or on the smooth muscle itself
It 15 concervable that we are domng something that operates on these
two mechanisms r.e on the liver and on the vasomotor system simul
tancously using the same biochemical cellular metabolic process

Nickerson We do not have complete evidence yet, but as a result
of our studies on the reactrion of dibenzyline and dibenamine with
receptors we have the mpression that sulfhydryl 1s mvolved 1n the
groupings (with which norepinephrine and epinephrine react to produce
their exaitatory effects)

Haist How can one reconcile the fact Dr Nicherson presents
namely that the admimistration of norepinephrine can lead to shock
and the fact which has been demonstrated that the admnistration of
norepinephrine to the shoched animal can promote sunmal?

Nickerson Has the latter been demonstrated ?

Haist Yes we have found that i rats shocked by a clamping
procedure the survival resulting from the continuous slow infusion of
norepinephrine solution over a period of 24 hours was about as good
as with dextran

Nickerson The interpretation of this result depends on the extent
of fluid loss into the damaged tissue. The older Iiterature contains one
obsenation of significant protection aganst shack by a vasocomstrictor
(26) Epinephrine in oil was admunistered to anmals mn which shock
was produced by manspulation of the intestine When the vasocon
strctor was given prior to the manipulation, much less engorgement
and discoloration of the intestinal tract occurred  In other words the
constriction prevented the ammal from being subjected to the same
degree of stress as the controls A similar factor of altered flurd loss
into damaged tissue might be ivolved 1n the rats subjected to tourni
quet shock

Hasst Tt 15 a possibity  The limbs are snollen but we have not
measured the degree of swelling 1n the norepmephrmne infused ammals
This procedure nexertheless has a very good cffect on sunnal

Lettne Dr Haist would you say that perhaps a certain amount of
additional vasoconstrictson during one stage mn the shock picture would
help the ussue crrculation but that more than that would lead to tssue
anoxis by asocoastriction?

Harst 1 must say that I find thrs partkular result wath norepineph
tine infuston rather hard to reconcile with the cffects of svmpathete
blocking agents but it 15 a real effect Y our suggestion may help an s

explanation
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Remmgton The situation 1s really quite different Dr Niclerson,
1n producing shock with norepinephrine, 15 dealing with 2 prolonged
hypertensive period ‘The overly shmulated heart 15 forced to eject
aganst the high artenal pressure through this period Finally something
gives way Must we insist that only the peripheral arterioles were
wnvolved 1n this shock ?

Shorr 1 thunk 1t could be carduc fatlure rather than peripheral
vascular collapse

Remmgton Certanly those working with the hypotensive state that
follows @ coronary infarct speak of shock affining the adjective
ardo,

Frank. In dogs bled to hypotenston, norepinephrine seems to change
the dustribution of blood flow Renal blood flow dunnishes Saggtal
sinus flow coronary sinus flow and adrenal venous flow increase.
Dustribution of blood flow changes but 1 general not the cardiac
output It 1s very hard to demonstrate that you are improving thetr
survival. The antmals become unresponsive to the drug and go on 1n
shodk and die

Dobson If 1n a burned ammal blood pressure goes down and
you try to maintan it with norepinephrine, you have to give more and
more  This 1s a situation where 1t 15 impossible to give enough
roreptnephrine

Fremont Snith It 15 an umpossible situatton from the start because
the amumal 1s 1n & hypotensive shock state  He has no pressure  You
have nothing to work with

Kusely  Following severe burns over the back and rump of grey
hound dogs the blood passing through and away from the burned
termtory 1s heavily ag,glutumtev:l3 Microscopic observations made 1n the
lungs of such animals show that the masses of sludge are carried up
to the lungs and trapped 1n the tips of pulmonary asterioles Probably
the plugming of great numbers of such pulmonary arterioles decreases
the How of blood through the lungs and decreases the filing of the
lcftGl:-mt (27 28,29)

reen. Dr Nicherson do you know whether blockmg drugs other
than dibenzyline have sulfhyd)x]'y! actvity ? B e

Nickerson  As far as 1 know they do not The type of chermucal
ractivity responsible for the dibenzyline action on sulfhydryl com-
pounds 15 not characteristic of the other agents However the possibil
uy that they may have some effect on sulfhydryl groups cannot E:s:ulcd
OUfGW‘ldmut direct observations

reen If they do would it not be interesting to try them as dibenzy
lne has been tried 1n these procedures for xgnducu;zlg shock?
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Baez. In this regard may I ash Dr Nicherson whether any homo-
logue of dibenzyline which acts on the sulfhydeyl enzymes, would
necessanly blodk the receptors?

Nickerson No One of the mtrugwing things about the actron of
dibenzyline 13 its specifiaity  Although the drug will react readily with
a vaniety of sulfhydryl compounds s r1tro the amount of dibenzyline
necessary to produce essentially complete blockade of responses to
epmephnine and norepinephrine 15 only enough to react with less than
0 1 per cent of the total body sulfhydryl On the other hand, compounds
related to dibenzline, but without the appropriate atomatic groups to
produce adrenergic blocking actrvity react equally well with sulfhydryt
m the test tube (8)
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HUMORAL FACTORS
IN EXPERIMENTAL SHOCK

BENJAMIN W ZWEIFACH™*
Departnent of Brology

Neu York University

New York N Y

I SHOULD LIKE TO DISCUSS some of our recent data which have led us
to adopt certain reservations concerning the causal relationship between
particular systemic humoral factors and the curculatory collapse which
develops during hemorrhagic and traumatic shoch

The use of & wide range of experimental models to study the shock
syndrome has served to mtroduce a complexity of contributory factors
with an uncertain relation to the basic derangements of this ubiquitous
syndrome. Espeaally controversial are the mechanisms responsible for
the deterioration of the penipheral circulation durtng protracted hypo-
tension induced by hemorrthage Our own investigations were directed
for the most part toward clarification of the role of blood-borne agents
tn the vascular sequelae during the progression of the so-called 1rre
versible shock syndrome Observations on the changes in the capillary
bed of the mesentery 1 the dog and rat led us to conclude that the
shift from a compensatory to 2 decompensatory tendency was related
either to the presence or absence of particular humoral substances
affecting the response of the small blood vessels The pattern of behavior
1n the termuinal vascular bed of the mesentery indicated the existence of
two discrete phases subsequent to both trauma and hemorrhage. Initial
ly m::d a series of compensatory adjustments characterized
by vasomotor activity heightened arterolar sensitrvity and
slective restriction of blood flow to the most central and direct
channels  With protracted hypotension the compensatory behavior
in the vascular bed was progressively replaced by a set of decompen
satory stigmata as manifested by a failure to sustain the ischemmc,
restricted pattern of blood flow hyporeactivity of the muscular elements
and increased venous stagnation, often to the point of complete stasts
The prognoss for recovery by blood replacement measures was pro-

*Or Zutifach 13 now a member of the Department of Pathology at the New Yotk Uni
reruty Bellevue Mediaal Center New Yorke N Y
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pressuely less favorable, the longer the decom tory tend was
permutted to devclop lnc\tuibﬁ‘l:ty was unlfopr:n“l!;| nsr:ocutm\th a
full quota of decompensatory activitics
Since the physiology of the small blood vessels has sndicated that
their distinction from the large vascular units lay in their high degree
of responsieness to humoral factors of both local tissue and systemic
ongin the possible a ance of agents with vasoactne potentiahities
durtng the shoch rome was therefore investigated in particutar
tissues and sn the bloodstream  Biologically actine agents with a
vasculo-toxic  action were sought for by using the terminal vascular
bed of the rat mesentery as a test object ‘Concomitant with the charac
teristic vascular changes in the mesentery of the shocked arumal theee
appeared i the blood durng the two principal phases of the syndrome
certain prnciples which reproduced 1n the terminal vascular bed of the
test rat the same sort of behavior which was apparent i the shocked
host The sugpestion was then advanced that particular humoral
substances of renal ongin (VEM) might be causally refated to the
hyperreactisity seen mitially and a hepatic factor (ferntin VDM) to
the sl ent hyporeactivity during the terminaf phase of the reaction
A deal of crttasm was leveled agamst the validity of exte
polating from ohsenations 1n the mesentery to general systemic
henomena  The vascular derangements tn the mesenteey were obvious-
y by themselves of no direct mportance 1n the shock syndrome It
therefore became necessary to obtan comparable data i sites of
reater significance 1 the over all cardiovascular adjustment partxcu
farly 1 tissues such as the liver and bonel which show profound conges-
ton and evidence of decompensatory trapping of blood dunng the
latter phase of the shock reactson Direct observations of blood flon
through the Iner are difficult to carry out continuously and are not
sufficiently revealing to suppost or to disprove the mportance of
particular homeostatic factors We therefore tumed our attention to
other visceral structures which could be more satisfactonty studied by
the obsenational techmque  The aress selected far micrascapc study
of the arculation were those m which such studies could be carned out
withour destroping the mtegnty of the sascular bed  As indicated
1 Table \ANVIT five structures were examined i the anesthetired
rat These tissues mncluded the bowel surface of the uninary bladder
and several mesentenc a pcnd:‘fes ather than the omentum or meso-
appendix  In addition sLn and sheletal muscle were selected to rep
resent two arcas which appeared to show po decompensatory tenden
aes dunng hemorrhagie shock
The e dence to be presented indwates the dificulty pechaps cven
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TABLE XXXV1L

Threshold Concentrations of Vasoconstrictor Agents Required
to Bring About Closure of the Termmal Artertoles and
Thear Metarteriolar Extensions mn Selected
Vascular Beds

‘—i Threshold Concentratton®
Epinephnne L arterenol
(pg/ml) (pg/ml)
Slin (undersurface) 003 020
Utinary bladder 005 050
Mesorchium 050 20
Mesosalpinx 0125 025
Mesoappendix 025 050
Sheletal muscle 0001 00005
*Mean value for 10 s for cach timue

the impossibility on the basis of our present knowledge, of relating
the over all arculatory picture dunng shock to any single set of vaso-
active principles

Barch  Was that wortk done by capiltarioscopy?

Zwerfach Tt was all done by duect visual examinatton m other
words, we are repeating the same thing using other tissues

Ime Was the urmary bladder studied by transtllumination?

Zwesfach The bladder 1s allowed to rest on a hollowed-out lucite
support through which the light 13 transmtted

gnrrb Was the muscle done by reflected hight?

uetfach The technique of studying the spinotrapezius muscle n

the rat has been published (13 The Luﬁal 13 pfaccd onpcx:_; side and the
light 15 conducted under 2 flap of muscle through a luate rod The
lateral fascral aponcurosis of the muscle 1s drawn flat against the surface
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of the luaite rod by several surgical sutures through thus attachmen
that the muscle itself 1s not haﬁdltd directly g e

Barch 1t seems to me that the trauma might be rather extensie
and might interfere with the mnenation of the muscle reparation.

Zuetfach There undoubtedly 15 some trauma m\'olw:tiJ In cuttmg
through the shin and overlying connectrve tissue  The muscle stself
15 not disturbed except to free one edge of its aponcurosis By keeping
the muscle continuously rripated with a Krebs-gelatin solution we
hoped to minimuze the abnormal situation created by its extertonzation.
The nenation was left intact so far as we could ascertain  Thrs was
the only sheletal muscle bed that could be prepared satisfactonly for
mucroscopic study without drastically curtading the reactrvity and \aso-
motor behavior of its terminal vascular

Rmisely Ase there bursae on this muscle?

Zueifach The spinotrapeztus 1s directly under the skin so that ven
lm‘lic connective tissue has to be removed to free its upper surface for
study

In the experiments cited 1n Table XXXVII the response to toprcal
epinephnine and norepinephrine( L artcrcnol? was determined 1n the
selected vascular beds on the same set of vessels the terminal artersoles,
and theic metarteriolar extensions  Vascular reacttvity in the vartous
tissues was compared on the basis of the threshold concentration of
epmephrine or of arterenol required to bring about closure of these
muscular units It 13 obvious that a considerable range of reactivigy
to topical vasoconstrictor agents exists  In sheletal muscle the vessels
were considerably more sensitiv e to norepinephrine than to epnephrine
The latter agent i threshold doses produced a transient contraction
followed by 2 prominent phase of dilation  This sttuation makes it
difficult to evaluate the precise significance of cpinephrine potentiation
or inhibition, as established by mesoappendix bio-assay relatne to
sheletal muscle arculation

Nickerson Do you have data on reactinity to epmnephrine and
arterenol administered 1ntravascularly?

Ziwetfah A comparable gradient of reactvity values was found
with intravenous epinephrine

Nickerson  These differences are not a matter of drug penetration?

Zuetfach The problem of penetration was checked cy mtroducng
the vasoconstrictor agents with a mucropipet directly into the tisuc
adjacent to the vessel the same relatne order of seactvaty could be
demonstrated 1n the tissues listed 10 Table NAAVIT

Far 1grtr Did you find the same order of tissuc reactinaty for beth

cpinephrnine and arterenol ?
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Zwerfach The closest approximation we have of the precise threshold
doses was obtained mn the micromjection studies Our mucrotnjection
data with L arterenol are much less complete than with epinephnine and
1 would rather not make a more definttive statement in that regard

The terms VEM and VDM have been used consistently 1n the past
to indicate a vasoexcrtor principle of renzl orgin and the vasodepressor
ferntin. In order to avoid confusion we have introduced the symbols
P and I P denotes potentinting substances and I mhibitory sgents
The test stimulus 1s then indicated as a subscript re  an epinephrne
potentiator 1s designated as P and an arterenol potentiator as Pa

Test substances were admnustered intravenously to anesthetized
rats exactly as in routine mesoappendix studies In Table XXXVIII
beside the ftem, sk the response of the shin vessels 1s recorded, and
beside the ttem skeletal muscle the response in the termmal vascular
bed in muscle 18 reproduced, etc. None of the agents produced

TABLE XXXV

Displacement of Vascular Reactimaty 1n Dhfferent
Twsues by Po and I Agents*

Kid
Lar Lrver His
‘;}g{ Rentn terenol | VDM Ferntin tamine
Shan (undersur
face) o Pt o o o Lt
Skeletal muscle o [ P I, o
Mesoappendix P Pe P 1 L L
Uninary bladder I P o o 1
Mesorchrum P, P. o I 1 1.
;;&d:lnn?un:‘f n l.:'rmm found :u:-hc.n pmu‘:me rm?:” in mexaappendix

mibypemmmfmenfade W, and Metz, D B R

Jdiferences 1 ¢ f b onal
Phywcd 182, 1;)‘?"'“9“6”3 etmunal vascular bed to vasoactive agents. :ﬁ‘n ]
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the same sequence of potentiation or whibition of the epinephane
response 1 the different tissues  Certain substances actually pro-
duced opposite effects, as in the case of histamine or of Lidney VEM
It was apparent because of the vanable pattern of behavior in different
regrons  that no clear<cut concluston could be drawn concerning the
depressor or exatatory potentialities of blood borne substances to the
arcufation as a whole

Selknrt How was the hidney VEM prepared for such tests?

Zwerfach Kidney VEM was prepared from rat tissue slices incubated
as for Warburg studies 1n an atmosphere of nitrogen for 30 to 13
minutes  The clarified supernatant was then jected into the arcula
tion about 025 ml usually beng sufficent to elxit 2 positive P
response.

In Table \XXI\ are indicated the results obtained with a single
large speamen of blood (250 ml ) drawn from a hypertenstve patient
Psevious studies (2) have indicated that such bloods contam an
admuxture of vasoactve substances whuch 1o the rat test give a neutral
test reaction. Aliquots of the same blood specimen were tajected 1nto
different rats, each with a particular tissue exposed for observation A
neutral bio-assay was obtaned 1n one tissue a potentiated effect 1n

TABLF XXAN\

Hypertensne Blood Sample Aesayed on Varscular
Bed of Different Tic ues

Preparation Bro-ass3y
Rat Mesentery Neutral
Shin P
Skeletal muscle I
Hamster Mesentery Neuteal
Cheeh pouch P
| 1
P cpincphaine pudentaton 1 cpmephiine intubiten




Tenmnnl VasCu]nr Bed ,, Ske]cml Muscle
Intry Arter,q] lnjccuon.q




193 Shock and Circulatory Homeostans

be seen that 1n some instances vasoconstriction was accompanied by
an snhibitory response to arterenol whereas no change 1n reactvity to
cpinephnine developed

Fremont Smutb Do these threshold values represent intras enous
or topical reactions?

Zwetfuch The vasoactn e substance was introduced 1 this particular
sct of expeniments via a2 catheter 1n retrograde fashion throuth the
common carotid artery  The matenal 15 then carned by the arteral
arculation to the skeletal muscle The dose was adjusted to produce
avisible change 1n artenolar caliber  The constrictor or dilator response
usually persisted for 1 to 2 mmutes Subsequent to this, after the
vessels had resumed their onginal caliber the responsnencss of the
vessels involved was determined by the conventional end pant of a
topical shmulus using either L arterenol or epincphnine and was
tecorded as noted above.

Barton Isnt the dissoctation of epinephrine and arterenol reactions
a pecular }:hcnomcmn’

Zuetfach Appatently in skeletal muscle the responses to arterenol
and epmnephnne did not shift concutrently (3)  Actually epinephrine
was found to inhibit the subsequent response to L arterenol

Burton  Putting epincphrne in by the blood stream should pot
produce the same change as adding some nacepricphaae topcally

Zuerfach 1 dont think that I have made my pomt clear  Epineph-
nne produced vasoconstriction whether introduced via the hlood
stream or directly into the tissue However subsequent to the vasocon
strictor epusode the smooth muscle elements of the arterioles were now
less responsne to topical epinephrine than onginally A simdar pre
disposng effect was obseried on the response to focal norepinephrne
following a vasoconstrctor episode mduced by local epinephine

Fme Are these observations made 1n the same animal?

Zuesfuhy  The maternal listed i Table \L represents observa
tions comptled from as many as 6 to 8 different ammals and these
average 15 mdicated 1n each categocy

Brrton You put the epincphrine in the blood stream and get the
direct effect Do you wait vatid that 1s gone before you add the
topical application or do you do both simultancously# 1f the direct

ect 15 gone then practially you would not expect t to hae
potentiated or intubited

Zuetfuk  The purpose of these expeniments wis to determenc
whether a constrictor or dilator tendency was necessanly slways a
companied by a vasnexaitatory of vasoinhibitory hehavior of the bloo!
vessel W found that centamn constrictor agents peoduced 4 viuble
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effect on vessel caliber which was thea followed by a protracted pertod

of vascular hyperreactivity to subsequent samuli. We also found that

other equally effective constrictor agents produced an effect which was

followed by & pesiod of hyporeactivity A comparable situation exssted

for vasodiiator factors both L and P, reactions appearing in such
uments

Kursely 1 have been studping the physics of the flow of blood 1
vartous systems In a place where two nivers come together such as
the Missonr and Mississippy, the streams come together and run aloag
beside each other in 2 common srver bed bat they do not mix for quite &
dutance Contranwise 1n a gystem where 2 large artery feeds into
smaller branches an injection made wto the main artery siream
may be carried down 1nto one of the side branches and most or all the
1njected material may go mto one or another of the side branches  One
or another of the other side branches may receive none of the njected
matenal or very little. Did you put anything into the material you
mjected such as a colored dye, which would permut you to hnow that
the matenial you tnjected was going past your microscope?

Zuetfach In these expeniments either a suspension of carbon or &
solution of Water Blue was introduced into the arterial catheter in
order to ascertain whether the injected substance reached the tissue
under microscopic study In the case ated the matenal reached the
muscle mass by way of the brachial artery A total volume of 025 to
05 ml was injected The tissue was instantly blackened or blued when
these tracers were 1ntroduced  We therefore know that the test matenal
reached the target structure. Both the 1ntra arterial and the intravenous
route were used to rule out possible secondary effects on other organs
The intra artenal route macY: 1t possible to ntroduce vasoconstrictor
doses of epinephrine or norepmephrine without affecting the pulmonary
arculation  Comparable doses sufficent to produce vasoconstrction
could not be readily adminustered mtrav:noujy

Fme Tsnt 1t possible you may be geting different effects because
of different local concentrations from the two routes of admimstration?

With one unit dose intravenously you get vasoconstnction If the
conceatration of the epinephrine applied locally 1s wholly different, you
get 2 different local response

Zuwesfach In the data under discussion the matenal introduced into
the blood stream senved merely to elict & vasoconstrictor or vasodilatoc
reaction. We are not concerned here with the precise concentration
required to introduce a given effect The assumption 15 made that on
the average the concentration reaching the target structure in the tissue
under obsen ation will be of about the same order of magnitude The
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subsequent degree of inhibition or potentiation of vascular reactrvity
was then titered more precusely by grading the response to a local test
stimulus

Fremont Smuth  Contrary effects can be noted 1n different vascular
beds That 15 to be expected When typhoud vaccine 15 grven and there
1s complete vasoconstriction 1n the shin with a blood pressure of 60 mm.
Hg for :nm&lc, then 20 munutes later there 1s 2 complete vasodila
tion 1n the shin although the blood pressure 15 still 60 mm. Hg
it 1s inconcervable that there has not been compensatory epposte
reactuity of blood vessels under those arcumstances The whole scrtes
of phenomena indicate that vascular beds i different parts of
the body behave in oppostte directions 11 many crcumstances perhaps
more often than not

Zuetfach The experrments clearly indicate that vasaactise factors
produce their effects by a vanety of mechantsms even 1 a particular
tissue and that broad extrapalation to other tissues 15 not indicated
under any arcumstances

Further evidence along this line 1s provided by the expeniments
summarized 1n Table XLI Representatne constrctor or dilator agents

TABLF ALI

Ternunal Vascular Bed m Skeletal Mueele  Topreal
Appheation of Yasoactine Agenta

e | ER | R | SR
Epinephrine 000t ves - adilt | e
L arterenol 0 000% oy pee
Ferntin ‘ oooo1 | ves P
Histamine i oot vdif P
Mecholyl { 002 vduf 1**

tpual taine or 1 a terenel
+ 1"“ m trctoe d ) avahilator _ ' e
1 an e )t w P «f nrphnot prtent st n i1 g ~qt

bl
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were applied onto the surface of the skeletal muscle preparation. Sub-
sequent to the vasomotor episode, the reactvity status of the terminal
arterioles was recorded by noting the response to esther epinephrine or
norepinephrine It can be seen that epmephrne had a dual effect 1n
skeletal muscle. The terminal artersoles contracted shortly for a period
of 10 to 20 seconds and then showed a pronounced dilator phase which
persisted for pertods of 7 to 10 munutes Dunng this dilator pertod and
for periods up to 45 to 60 munutes after the vessel has resumed sts nor
mal caliber the response to L asterenol was definitely suppressed as
wndicated by the I, symbol 1n column 4 On the other hand a vasocon
strctor episode induced by intravenous L arterenol had a potentiating
effect on the subsequent reaction to topical epmephrine Ferntin,
interestingly enough, produced a clearcut vasoconstrictor reaction 1n
sheletal muscle when given intravenously Furthermore, the subsequent
reactivity pattern was one of potentiation and not of vasomhibition, as
develops untformly 1n the meseatery  Histamune, 1 the concentrations
employed produced a dramatic vesodilation and sugmented fow
through the termnal vascular bed 1n muscle Throughout the period
of vasodilation, the vessels remained highly reactive to topical epieph
nne  Mecholyl on the other hand, induced a profound lation
together with a sustained vasowhibitory reaction to topical epinephrine

Remington. When you say vasoconstriction, do you restrict the term
to the arterroles or adjacent small arteries which 15 the most common
usage, pechaps unfortunately, among physiologssts?

Zwerfach In preparanions of this sort 1t 1s possible to study vessels
ranging tn size from small asteries about 500 p 1n duameter to vemns
almost 1000 g 1n diameter  These are vessels which we place 1n the
category of large vessels According to our definttion the arteroles are
those vessels which range from 40 to 60 p 1n size, have 2 single layer
of smooth muscle and are the first vessels of the artenal tree to give
off capillary branches directly to the tissues It 1s obvious that a hard
and fast line cannot be drawn between a small artery and its artersolar
extension  ‘There 15 no good evidence to mdicate whether these two
sets of vessels behave uniformly 1n the same fashion to pacticular
stunult or whether their responses differ

Remungton  1f you are now speaking of an actton of VEM and VDM
on the artertoles themselves, this woulgscem a reversal of the statement
made 5 years ago that their action was confined to wvessels Iying
beyond the arterioles and that they would therefore have no necessary
effect upon resistance as 1t might change with artenrolar size, which
we presumably are measunn,

Zuwetfach  The agents listed 1n Table \LI produced a clearly ev
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dent contraction of the arterole and brought the blood flow 1 the
capillary bed to 2 complete standstill

Green Do you find that the vessels i the muscle bed respond
m the same manner to successnely repeated doses of epincphnne?

Zuetfach With repeated threshold doses of epinephrne, the
vessels actually become refractory and vasoconstriction could no longer
be ehated  After an mterval of 5 to 6 minutes threshold doses were
agan effectine

Green Inthe dog epinephrine mitially may snduce vasodilation but
with ted doses the responses change to marked vasoconsteiction

Furchgott You have indicated 1n Table \L that histamine induces
vasoconstriction and 1n Table XLI that vasodilation appears

Zuwerfach There 15 a dissoaation between the vasomotor effects of
istarnine depending upon the mode of administration When the drug
was injected intra 2rtenially constriction appeared in the vessels of the
sheletal muscle preparation When applied topteally vasodilation was
observed

Isrchgots By varying doses can you get the same response by the
two procedures?

Zuetfach No Irrespective of the dose the effect 1s the same with
cach mode of administration

Tnrchgott To what do you attribute the difference?

Zu el/fxrb The dilator effect of histamine administered topicatly may
be an indirect one mediated by virture of its action on some tissuc
constituent

Txrebgots Tn perfusion studies vasoconstrction was often observed
with histamme But with better preparations in which Pcnphcr:l
tone was mamtatned by adding small amounts of cpinephrine to the

fusion flurd or by using serum, dilation was umiformly obtamed with
1stamine

Nickerson As ] recall the work of Burn and Dale (1) one abrormal
condition which readily comerted the normal histamine vasodilation
to constriction was hypoxia

Zuetfach Histamine adminsstratson by way of the intra arterwal route
produced an immeduate and abrupt vasaconstriction of the arenoles
metarterioles and precapillary sphincters in skeletal muscle When
histarmine was apphied topecally over 2 wide range of concentrations
these same vessels tended to dilate rather than to narrow

Green  TIs 1t possible to modify this response in any way by abolush
ing reflexes?

Ziwerfad  We have not carned out amy expenments along this

partrcular line
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dent contraction of the artenale and brought the blood flow
capillary bed to a complete standsull

Green Do you find that the vessels 1n the muscle hed 1¢
 the same manner to successnely repeated doses of epmephn

Zuefacl  With repeated threshold doses of epinephring
vessels actuatly become refractory and vasaconstrschion could mo |
be ehiated  After an interval of 3 to 6 minutes threshold doses
agam cffective

Green Inthe dog epinephnine snitially may mduce vasodidaty
with repeated doses the responses change to marked sasoconsty,

Furchgott Y ou have indicated an Table NI that histamine 1
vasoeonstnction and an Table N1 that vasodibation appeans

Zucifuch There 1s a dissacration between the vasomator effe
hustamine depending upon the mode of admimistration When the
was injected intra arterally constrction appeared in the vessels ¢
skeletal muscle preparation When applied topreatly vasoditatio
abserved

Furchgart By varying doses can you get the same response |
two procedures?

Zuetfach No Trrespecinve of the dose the cffect is the same
cach mode of administration

Turchgott To what do you attnbute the difference?

7u rliflfl! The dilator effect of lustanune administered topically
fe an indirect one mediated by vinture of 145 action on some
constituent

Furchgotr In pecfusion studies vasoconstrction was aften obis
with histamine  Tut with better preparatons an which penp
tone was mantained by adding small amounts of epinephrine ¢

tfusion fluid or by unng serum: dilation was umformly obtained
mﬂ.\mmc

Nickerson  AsTrccall the work of Burn and Dale (1) one abac
conditon which readily comverted the normal  hitamine vasodi]
to constriction was hypotia

Zewerfucd  Histamne admunistration by way of the mtea artenal
produced an immediate and abtupt sasoconstriction of the arter
metarterroles and precapillary sphincters in eletal muxle N
histamine was apphed topially over a wide range of concenteal
these same sessely tended to dolate rather than to narrow

Green 13 1t possible 1o medify thus respanse i any way by ats
ing reflexes

Zuetfud W have not catnied out any expenments atong
partcular hne
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Nickersou One other question on the ferntin - You seem untformly
to get vasocoastriction 1n muscle, Is this & pronounced effect?

Zwesfach Yes the response 1s highly reproducible

Nickerson Can you rationzlze this with the absence of a pressor
response to ferntin?

Zwerfach When ferntin 15 admuustered  esther intravenously or
intre artennally no changes mn blood pressure develop In this respect
the term vasodepressor 1s 2 musaomer Presumably whatever decom

tory tendencies ferntin may exhibit operate chuefly in vascular
Eg:aothcr than muscle possibly 1n the splanchnic area

Nickerson Can you be sure that the responses you see are a result
of effects on the vessels i your microscope field as distinct from possible
effects upstream? The walls of the astertoles are under tension at all
times and if an effect on a somewhat larger vessel feeding the arierniole
causes the pressure to drop this will give the appearance of an active
constriction, even though the effect 15 not on the vessel 1 your field of
vision. This 1s Dr Burtons cntical clostng pressure

Zwerfach The largest arterral vessels visible on the surface of the
sheletal muscle preparation are 500 to 750 g 1n size  Neither the caliber
nor the rate of flow through these vessels was appreciably affected by the
amounts of ferntin administered.

Nickerson ‘The systemic pressure need not change Thus type of effect
has been mnvoked m attempts to explain the apparent dual effects
constrction and dilation, of histamine 1n perfused mbs I am not sure
it can be fully substantiated, but the 1dea 1s that the constnctor effect
1s exerted on somewhat larger vessels than the dilator effect The ap-
parent net effect depends on the state of the vascular bed In tts normal
resting state the very small vessels domunate the peripheral resistance
and histamine produces a fall in resistance When these small vessels
are dilated the next larger vessels contribute 2 larger component to the
ressstance and their constriction gives an apparently qualitatively differ
ent response

Kwsely Consider the hydraulic events when one 1s mahing an wjec
tion slowly into a large artery having raptd flow It should be possible
and 1t should often happen that the injected matenial would pass down
the ax1al stream and have no contact or mimmal contact with the
temal surfaces of the walls of the artery until the injected matersal
reaches the narrower vessels where the small branches come off There
1s no reason why the ttramural smooth musculature of the large stem
artery should be penetrated by the matenal injected Differences 1n the
volume injected and the rates of injection % ould determine the width of
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the stream of injected materal ing down the attery and thereby
determune the size of the artery r\’\lxﬁn which the nnmgmtcful first
comes n contact

Burton 1 am cettanly impressed with the difficulty of deciding
whether what you see 1n small vessels 15 active or passne because
pressures change as a result of an actne change somewhere else This
would not apply to toptcal applicttion

Zuetfach The observed constriction was sudden and complete with
out any prior slowing of blood flow 1n the feeding artenes or arteroles
Admittedly changes 10 caliber can develop secondanly to changes
ather proximal or dustal to the terminal vascular bed  Those effexts
however are usually presaged by marked alterations m blood flow A
further consideration 15 the fact that 1 these expertments extremely
small concentratrons of vasoactne materials were used The smaller
blood vessels are more sensitive to these dose leels than are the lasger
blood vessels

Barton  1f the perfusion pressure of a frogs mesentenc bed 1
lowered enough the most extraordinary things happen  Some vessels
narrow and others suddenly become wider use of these passrve
changes

kmsely Do you think those are because of passne changes or because
of differences tn nutnition (3) ?

Barton The nutnition of the mesentery 1S not a very potent factor

Knsely Why don t you think s0?

Burton DBecause the mesentery stays reactive for hours

Rursely  The same reactine changes can occur with no changes in
perfusion pressure at all

Berton This really 1s not a pownt at the moment  The fact that so
often a flow can be seen to reverse completely through this part of the
bed impresses me with the difficulty of dectding that what you saw was
caused by some active reaction at that place rather than something that
way just off the field

Nickerson The thing that 1s bothermg 2 number of as 15 the ap-
parently actve istamine induced constriction of the arteninles

Zuetfach 1 can only report what the rat did and [ thinl T am
reportmg it correctly

Nirckerson It 1s not a question of what you saw  The artenoles
undoubtedly decreased in calibee but your obsenation might be cor
related more teadily with periphetal resistance and blood fluw measure
ments if we might assume that the acon of istamine roducing this
fesponse was not enurely on the artenoles in your field of vison
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Frank s 1t feasible to test some of the potnts by mtcrownjection just
proximal to the site of observation?

Zwerfach 1 think perhaps 1t would defeat your purpose.

One other feature serves to emphasize the difficulty of establishing
the vasomotor potentizlities of blood borne agents  Figure 33 15 2

M
3 JrU—— a2
3 8o
H 1 2
H ] * g
L s |<. 414 E
[ (1 nx- » 2
G |n = ] 2
x 3 !
o~ 4o B v
’_- g -~ . -
CONTROL E.T €. LEVEL

FIRM | [ Shilag RS aSs [
r z

-
§ I ¢ g ok
b [

N o (L 3.
f, - =t T
FE] s (LI
o & oo £ 5
a g z 24 o
e & -
r x z
a " » 3
H 3] 1 e v
T {
i ' Lre| 1A% 3
z \ % A% DUMATION OF .
I 0 }‘ crrecy
- X,
~ x o
I o ) - - o - - - - o o
H 2 2 2 g s = s 3 s 3 32 3 2

2 8 s % 23

FERRITIN(CAMUA L¥.)

FiGurE 33 Stuft in chracter of yasoactive response with change 1 concentration
of ferntin administered ntrav The range (0 00013 to 0 003 pg ferrihn
N/mL content)* over which ferntin coald be dassified a3 an I, sul e 1
cxtremely narrow  Beyond this only P, effects were obtumed. Comparable

were indicated oa basis both of the shuft n ETC. (sold

e} the dunttion of period dunng which vascular reactovity was displaced
(broken line)

cunve indicating the displacement of vascular reactnity which appeared
i the rat mesentery when different concentrations of ferntin were in
jected intravenously Each potnt on the curve represents the maximum
displacement of the eptnephrine threshold as averaged from four to six
antmals A total of scventy fine mats was studicd, only one test being

Swxe ferritn s not a but 2 tssoe extract, ats acuvity cinnot he sed

pure compound, expres
o term of
fmn:ntr:f'dm Bewg 2 protein, the mirogen content (N) representt the most accarate -



206 Sbock and Circalatory Homeostasts

conducted 1n cach aimal At the extreme end of the dilutron cunve,
no vasoactive changes were detected  As the concentration of feentin
mncreased the ETC. was progressively depressed  Reactnvaty values
were determined as the precise amount of epinephrine required to elun
a standard constriction, not merely the presence or absence of a constrn
tor response  With concentrations of ferniin above 0002 to 000%
ng /ml (N content) the inhibstron of the epinephnne response became
less pronounced Neutral reactions wmtgl::;ucml) observed m this
concentration range  Beyond 001 pg  ferntin injections potentiated
the epinephrine response to a moderate degree. No I effect was obsened
with amounts of ferrtin 1n excess of 001 pg., up to 5 pg A com
parable biphasic pattern was obtamned with vanous fesntin doses 1n
another mesenteric appendage the mesorchium of the male rat

Nickerson It refers to concentration effects a situation in which too
much aswellastoo hittle of one component of 2 reaction system reduces
the res

Ziwesfach  This phenomenon 1s not unique to ferntn A similar
effect on vascular reactnvity was observed with different doses of husta
mine or pitressin injected intravenously (Figure 34) At low concen
trations these drugs seemed to compete with epinephnine and to inhibit
the local vasoconstrictor response  Wath higher doses a typreal poten
tuating action was elicated

Remmgton Do you think the appearance of vasoconstnction 1t
telated to the size of the vessel being studied?

Ziwesfach  All of the reactivaty values were determined on the metar
terioles and precapillaries of the terminal vascular hed

Shorr Were these effects also manifested on the Larger blood yessels?

Zyesfach The hyperreactinaty which developed with femtin could
also be obsened 1n the collecting venules

Shorr Was there much spread between the values?

Zueifach A centain degree of indivsdual varability was encountered
but never to the extent that [ values went above or P values below
the control base line  The greatest sanability was encountered at the
two extremes of the reactvity cunce

Srikanta Can you passnvele transfer this potentation effect inta
another notmal test rat? T ask this because we know that when ferntin
15 ingected 1nto a rat s vasodepressor effect can be transferred 1ata
another rat by infusing the blood of the first rat into the second  Simt
Larly 15 this potentiation cffect also transterable?

Zuetfarh 1am not if 2 yingle dine of ferann w mpeuted
into a [ oved from that fat and infusad in o
oduced

amther
-
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amount of pitressm and histamine. 1, effects appear with the lowest effective
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@

Srtkantta The point I wanted to make 1s this With wmjections of high
concentrattons of ferrttin, 1s there the formation of some substance that
causes a potentiztion of the effect of topically applied eptnephrine?

Zweifack 1 imagine that such a possthility exusts The myection
expenments of the type presented do not distinguish betw een dtrect and
passible indicect effects of fermtin on vascular behavior However it
should be ponted out that a compamble situation was encountered with
tnjection of histamine or pitressin as sndicated 1n Figure 34

The observation that shifts m vascular reactvity comnade with the
appearance of appropriate vasoactive prinaiples in the blood stream dur
g shock represents a major argument favorning the hepatorenal concept
A set of experiments was conducted to ascertain whether it would be
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conducted 1n each ammal At the extreme end of the dilution curve
no vasoactive changes were detected  As the concentration of ferntin
increased, the ETC. was progeessively depressed  Reactvity values
were determined as the precise amount of epinephrine required to clict
a standard constriction, not merely the presence or absence of a constric
tor response. With concentrations of ferntin above 0002 to 0003
pg /ml (N content) the inhibition of the epinephnine response becxme
less pronounced. Neutral reactions were ctFn:qu«-_ntly observed i thrs
concentration range Beyond 001 ug., ferntin mjections potentiated
the epinephrine res to a moderate degree No L effect was observed
with amounts of ferritin 1n excess of 001 pg up to 5 pg A com-
parable biphasic pattern was obtained with vanous ferntin doses in
another mesenteric appendage, the mesorchium of the male rat

Nickerson It refers to concentration effects a sttuation 10 which too
much, as well s too little, of one component of a reaction system reduces
the ¢

Zwetfack This phenomenon 15 not unique to ferntin. A sumilse
effect on vascular reactivity was observed with different doses of hista
mune or pitressin injected intravenously (Figure 34) At low concen
trations these drugs seemed to compete with epinephrine and to inhibst
the local vasoconstrictor response  With higher doses, a typical poten
tiating action was elicited

Renungton Do think the appearance of vasoconstriction 15
related to the size of the vessel being studied?

Zwesfack All of the reactivity values were determined on the metar
teroles and precapillanies of the terminal vascular bed

Shorr Were these effects also mamfested on the larger blood vessels?

Zwetfach The hyperreactivity which developed with ferntin could
also be observed in the collecting venules

Skorr Was there much spread between the values?

Zu esfach A certam degree of individual vanability was encountered
but never to the extent that L values went above or P vafues below
the control base line The greatest varbility was encountered at the
two extremes of the reactmvity curve.

Srikantia Can you passnely transfer this potentuation effect mto
another normal test rat? I ask this because we know that when ferntin
1s myected mnto a rat uts vasodepressor effect can be transferred into
another rat by infusing the blood of the first rat ito the second  Simi-
larly 1s this potentiation effect also transferable?

Zuesfach 1 am not sure that if a single dose of ferntin 15 njected
1nto a test rat and blood 15 then remos ed from that rat and infused into
anather rat the VDM effect will be produced
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possible to alter the vascular phenomena dunng shock 10 a predrctable
direction by these vascactrve agents The accompanying protocol (Figure
35) dicates vascular reactivity 1n the mesentery systemic blood pres-
sure and the concomutant bio-assay values The rat was bled an amount
which was not fatal but which was sufficrent to produce a typical pattern
of compensatory readjustments The meseateric arculation showed
hyperreactrvity as manifest by spontancous vasomotion and by the en-
hanced response to topical L arterenol or epinephrine. Dunng this
period blood removed for bio-assay elicited a P response At this
stage a continuous infusion of small amounts of vasoactne materal
was instituted either intravenously or intra artenally using a motor
dnven micropump In this instance, borse-spleen ferntin was admin
sstered. In 2ddition to the dose range employed other expenments
were carried out 1n which the matenial was mjected dunng shock over
a considerable dose range. This partrcular dose 18 used for illusteatron
since blood removed at the pounts where arrows are shown on the graph,
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Ficurr 35 Iotravenous admmistration of ferrtin durng mitual stage of shock
when blood bio-assays were P in character and mesentenc vessels showed a hyper
reactine vasomotor pattern. Despite tnfusion of VDM (ferntin) continpoashy
for almost 2 hours, Mesenterrc vesscls continued to show & P rey concident
withashift to 1 titer 1n blood. (The symbols ¢P and el tn this figure correspond
to the srmbob P and 1 as in the text and in thes legend)  Repnnted, by
pernussion, from Zweifach, B. W., and Mctz, D B Relatron of blood borne
ngcmmmgwumnnxnxulubcdmgcmﬂmmhmq rexctrons.  Clrw
Investigatron 3 653 (1933)
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was found to have sufficient titers of ferritin to eliait a positrve I, assay
in a test rat Desprte this arcumstance, absence of a signtficant effect
on vascular reactivity will be noted. The hyperreactive state, apparent
prior to the nfusion was sustained throughout the period of ferntin
admumstration. The mfusion was terminated after 120 minutes blood
replacement was carried out, and the neck wounds were closed  Thus rat
survived the procedure.

Burch Does the stage of estrus make any difference 1n the reaction
of the test rat?

Zu erfach The expeniments were done on both male and female rats
The degree of varability was no greater 1 the female rat, so as to make
it doubtful that estrus affected these reactions

1 should like to present further evidence to show that on the basss of
our present information we cannot causally relate the two sets of phe
nomena, namely vascular chenges and blood borne principles during
shodh

In Figure 36 a comparable experiment 1s shown 1n which the animal
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FIGURE 36 Intravenous mfunon of vasoexator matennl (VEM) following 2
hours of drastic hypotension at stage where blood specimens contaned 1 matersal
10d mesenteric vessels were hyporeactive. No influence on vascular behavior
despite shift of blood bso-asmay from I to P dunng period of infusion (90
min) (See legend for Figure 35 re ePand el ) rinted, by permsston, from
Zweifach, B W, and Metz, D B Relation of blood borne agents acting on

fmesenterte vascular bed to arculatory react <)
&5 (1303 general oy wons | Clm Insestigaion 34
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was hept at hypotensive levels until a clear-cut decompensatory tendency
had develo Blood samples were found to contamn an 1nhibttory
principle by passive transfer to test rats The curculation in the mesentery
showed the onset of the inhibitory phase of vascutar reactrvity At this
stage # continuous infusion was nstituted with a preparation of kidney
VEM (one part kidney to three parts Kreb s solution) The vasoexartor
material had been prepared by the conventional technique of anaerobic
exposure. As little a5 0.2 ml of the supernatant flurd produced 1n a test
rat a postive P effect The hidney VEM was injected at a sufficrent
rate with the micropump to achieve a P titer i the bloodstream.
Despite the appearance of P activity in the blood the mesentery con-
tinued to show a vasomnhibitory pattern of behavior No changes in
blood pressure could be detected The anumal died desprte blood re
placement

Sborr Dr Furchgott, you worked with VEM produced from hidneys.
What can you tell us about its activity?

Fxrchgont It was difficult to work with as we could not punfy it. We
would concentrate 1t and then overnught the activity would decrease,
considerably

Zuerfach 1think the pont to be emphasized 13 that with the infusion
of this hidney mixture 1n our experiments a blood level was reached
which on rat assay gave a positrve P test

Farchgott  Thete may be a dilution effect here which complicates the
situatton  You find that exther the vasoexctor or vasodepressor effect
15 dominant as far as the mesentery of the rat in hypotension 13 con
cerned  But when blood from the rat 1n hypotension 13 injected into the
test rat, a dilutton occurs  The response of the mesentery in the test rat
may be different from that of the experimental rat because of the
dilution,

Zuwerfach This type of argument would hold for any bio-assay pro-
cedure on blood speamens Certamnly the titer of VEM was hl}:h
enough to counteract the VDM present 1n the blood prior to the mfu
sion It was antiaapated that the preponderance of P actrvity n the
bloodstream should 1n some ways alter the depressed vascular reactivity
in the mesentery

Fxrchgott 1 think that a dilution effect might be important 1€ 5t 1s
assumed that there ace two pnn;iﬁics involied dilutron mught affect the
actrvity of one more than the r

Zwesfach Would you say that the test rat was reacting differently to
this admixture of VDM and VEM than did the shocked rat?

Tarchgort What I mean 13 this 1f the dose response curves of two
opposttely acting agents show very different slopes then there 1s the
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possibility that a more concentrated muture contaunng a fixed ratio
of the agents might give a qualitatvely different response than a more
diluted mexture contzining the same ratio

Zwesfach 1 think the protocol iflustrated 1 Figure 36 proves the
pomnt which I had 1n mind 1n the design of the expeniment  An attempt
was made to mumsc the humoral situation which develops during shock.
Kidney VEM was selected for this purpese since 1t apparently appears
in the blood stream during the course of the shock reaction. The dose
of VEM gdmunistered was sufficent to shift the blood titer of vaso-
activity from an I reaction to a P test reactton. The dilution factor
does not enter 1nto constderation here since the dose range was arrived
at athitranly by 1njecting an amount sufficient to produce the desired
effect.

Nickerson Particularly with muxtures it 15 important to know some
thing about the slopes of the dose response curves of the components
if the effects of dilution on the net response are to be terpreted
adequately

Zwesfach Table XL 15 another example selected from our recent
publications which indicates the complex relationship between the
appearance of vasoactrve matenal in the blood stream and @ particular
set of vascular phenomena.

Patients were selected at random 1n the outpatient clinic of a local
zsdplta.L with the understanding that they had not had breakfast

were not recerving medication. Blood samples were sent to us 1
code Each of the specimens was tested over a senies of dilution ranges
by the conventsonal bio-assay test and vasoactivity compared under vari
ous categores of clinical diagnosts

When norma! healthy controls were studied positve I, or P actrvity
by the rat mesoa dix test was rarely encountered  The bloods were
taken from healthy students residents, and co-wockers 1n the laboratory
On the other hand 1n the cuse of people who came to the clinic either
because they were sich or felt they were sick we tnvariably found the
Fn:!cnce of P or I activity in the blood Neutral bloods were routinely

ractionated 2nd m the clinic group of patients the blood was found to

contain a mixture of both L. and P matenal The findings 1n this series
uld not be related to the cardiovascular status of the patient. The
evidence would appear to indicate that m man these substances enter
the arculation of people who are apparently 1ll, whether the illness
R atic or somatic 1n etiology

Engel We have also found the same sort of relationship 1n carbohy
drate metabolism between normal healthy medical students and people
who were 1n the hospital either because of somatic or  functronal
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TABLE \LII
Bio assay of Bloods mm Random Samplhing of 90 Clime Pauents

Blood Pressure No. of samples with
Diagnoss z\yrg; (mm Hg) Specific Vasaactrerty
Systolic Dustolic |P **| 1 **|Neastra!
Arthritis 50to 73| 110 to 160| 80 to 90 1 3 2
Asthma 40to 70{ 110to 140{ 80 to 90 |— 2 —
ASHD* 60 to 70| 140 to 150 | 70 to 80 b 2 1
Drabetes 4210 72]140t0 170 | 80to 100 | 2 1 1
Gastrowntestinal
disorders 25to 50/ 120to 140| 70t0 90 | S 4 3
Hypertension 30to 72| 165t0 210 | S$Oto 115 | 6 | 12 2
Hyperthyroid 30 to 50} 120to 140 | 70to 80 | 2 2 1
Ca breast or gas-
trowntestinal
tract 40to 66]105t0 120| 60 to 70 |— 5 1
Obesity 291059/ 100to 158 70t085 | 1 | 3| —
Rheumatic heart
disease 20to47| 90to130( 70to80 | 1 4 1
Assorted

normotensiest| 27 to 64| 90to 125 | 6O to 835 7 5 3

Per cent 1n each category 1733 48 [ 19

Healthy controls (23:042[100:0 140] 70t0 82 fz 1] 8

ASHD = Artenrosclerotic heact Jrsease
tIncludes patrents ‘umlqny broochitis, nontuxsc goter el wymyehits poychaautic
complunts, syphule, vasomotor rhanutrs
P - h end | = eprocp

A ab

TP F

Reprmted by permrssron, from Zwaifsch B W and Mctz, D B Relation of
blood—bomcb’ag\:m: acting on mexcnterrc vasculas bed to general araulatory e
actions. | Cln Isiesugaion 34 633 (1933)
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On the other hand we have not been able to confirm a number of your
expertments whose implications were that the continued presence of
fernitin 1n the arculation results in hyperreactmty

Barton  What do you think the standard error i such expenments
might be?

Zwerfach Thete 1s a considerable scatter Thus a given sample will
yicld assay values varying from 20 to 36 munutes 1n duration and from
a twofold to sixfold change 1n intensity

Shorr 1 do pot think that you appreciate the fact that despite tts
Limitations this 1s 2 useful bio-assay method

Baez Figure 37 was plotted from data obtained 1n our laboratory by
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of the sample The prozone phenomenon 1s something we hae
known about for 2 long ttme  Thus effect was first observed th our lab-
oratory and reported 1n 1951 (9) When we worked with anaerobic
spleen and found no VDM actnity although we hnew 1t was rich 1n
ferntin: we traed diluting the samples and then we found the expected
vasodepressor activity  Our usual proportions are 1 gm of tissue to
5 ml of Ringer phosphate solution” but with spleen samples we had to
dilute ten times to 2 1 to 50 instead of a 1 to 5 ratio Since that time
all assays which appear to be neutral are repeated at one or more
dilutions  We do not fully understand the reason as yet but higher
concentrations of ferntin often gne neutral rat tests Our greatest
actrvity occurs with 0 0005 to 0001 pg ferntin N

Zwerfach Your maximum range of actity falls betwcen 001 to
0005 pg of ferntin  Presumably your argument then 1s that this 1s the
level achieved 1n the blood duning shodk  Accordingly this level 1s
never surpassed because otherwise a prozone would be encountered 2
finding never achieved even tn the most profound state of shock

Shorr Yes

Zwesfach Blood samples obtained during shock with a vasodepressor
activity (presumably ferritin since the effect can be counteracted with
antiferntin serum) can be diluted from threefold to fvefold without
losing tnhibitory properties of these speaimens  In the data presented
i your graph with only a small change from 0005 to 0001 pr
ferntin N/ml vasoactivity was lost

Shkorr 1 do not disagree with you that the activity 1n blood or tissue
extracts can be detected at several dilutions But my pont 1s that
although higher amounts of crystalline ferntin do gne neutral rat
test responses which are consistently vasodepressor only on dilution
to my mind this 1s not refated to the hyperreactnity at higher dosage
levels which you obtamned with rat or horse ferritin

Burton What 1s the mean duration of the VDM actnaty?

Shorr In Figure 38 at the 00005 pg level 30 out of 35 tests pave
VDM activity ranging from 16 to 52 minutes tn duration wth the mean
at 31 minutes the standard dexiation was = 9.8 and the standard error
= 18 five tests were neutral At the 0001xg level 33 out of 33 tests
were vasodepressor w ith duration ranging from 17 to 72 minutes with a
mean of 43 minutes a standard deviation of = 12 and a standard error
of = 21 two tests were neutral We have known for a long time that
doubling the concentration does not double the duration  In addition
the response has at least onc other characterstic ntensity  but
we recorded only duration since attempts to measure the intensity may
lead to hyperreactinity of the vessels  Although the bio-assay has these
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100 of fermtin at the ete of 1 ug ferntin N per 001 ml per min. for 30
min. On the right (expenment suggested by discussion at this conference)
ufusion of fermtin at the same rate but continued for 90 min  There was no
change in the type of response.

distinct quantitative Limutations amounts of ferntin can be detected by
it which are much less than can be determined by chemical means

Pillemer Have you tested the effect of 1njecting human ferntin into
rats?

Shorr 1t scems to make no difference which 1s mjected into the test
rat human, horse or dog ferritin.

Pdllemer Docsn t 1t matter even though ferntin 15 antigenic?

Shorr Yes but with a single mjection there 1s not time to buidd up
antibodies

Pillemer Couldn t this prozone effect be caused by this?

Sborr 1 thuok not.

Pulemer Do you find the same type prozone if you inject rat ferritin
mto the rat> Has this been done?

Skorr We have not succeeded although we have not given 1t too
much attentton 1n crystallizing rat ferntin, Was your ferntin really
pure and free from side effects? I believe you described the field
affected as a broader one than the termunal vascular bed
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Zuwerfach Such 2 widespread effect was obtaned with contrauous
mnfusions of ferntin for periods of from 50 to 60 munutes or longer

Shorr  Frequently that sort of response 1s scen with respiratory
dufficulty or with tmpure samples of ferritin

Bacz. The effects we obtained by epinephnine applications to the
mesoappendix duting a 30-minute continuous intravenous nfusion of
ferntin at the rate of 1 pg N/0O1 ml /minute 0 an anesthetized
rat are shown on the left side of Fy 38

Shorr These are gradations 1n rc?r‘:rccmnncss

Fine Would you explain to us what you have done? Is this njected
toto the rat and are you testing that rat?

Baez The test rat was anesthetized wath 3 mg of sodum pentobar
bital / 100 gm body weight and the mesoappendix carefully ex
posed for bio-assay (10) of vasotropic substances by direct microscopic
observation of the minute muscular vessels The threshold reactinity to
epinephrine was determmed the ferntin infuston into the tail vein
begun, and the cpinephnine applications repeated at approximately
5 munute mtervals

Fine What has pentobarbital to do with the effect on the meso-
appendix?

Baer It 1s always used as anesthesia to hold the rat just quiet
enough for contmuous observation of the same field

Zuerfach In attempting to compare the data which you present with
those 1n our own experiments it 1s evident that your infustons were
comparatively short, for 30 munutes whereas the expeniments ated 1n
Figures 33 and 34 represent wnfusions of approxumately 2 hours
duration

Shorr  When does the sheft 1n reactivity occur follow tng the admin
1stration of ferntin?

Zweifach Between 33 and 75 nunutes

Baer  On the left stde of Figure 38 there are two curves representing
gradations of refractoriness At the first epnephrine application after
the start of the ferrtin infuston the sensitivity of the muscular vessels
had declined slightly 10 munutes after this the reaction to the threshold
concentratron had completely disappeared and it did not retum to con
trol levels unti] about 40 minutes later that 1s 20 minutes after comple
tion of the infusion At this time after cheching the calibration a
single injecion of 1 pg of ferntin was followed by a simidar but less
prolonged VDM effect This second VDM response 15 pethaps aninde
cation that the return of the vasaular sensitiaty to threshold fevels
follow ing the continuous infusion of 30 pg ferntin was ot caused b
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Harst 1 thought that Dr Zwerfach showed the effect at 45 minutes

Shorr Yes but at 45 mnutes the cffects are still depressor though
gradually comung back to neutral

Harst Sunce the effect does not appear until after 45 miautes 1s this
a comparable expenment?

Shorr Do you consider 45 mnutes the erttical period for this effect?

Zwerfach The important constderation here 13 the short perod of
ferntin administration mn the study of Dr Shorr and Dr Baez. What
remans to be done 15 to perfuse for longer pertods as 1n our own work
and see whether vasoactnity remains depressed  Should your data
with your own fernitin indicate hyporeuchvn;y throughout 1t w1l be
necessary to assume that our preparation of ferntin was 1n some way
altered

Shorr We had regarded the large dose as the mportant factor but
since you constder that the length of the infusion also may influence the
results we will repeat the expenment using your conditions and put the
result tn the record  As we said 1n the introduction to the first confer
ence of this group, Repeating experiments exactly 1s made possible by
conferences like this " (11)

Baez One difficulty with a 2 hour continuous infusion of ferritin
1s that the test rat will start to come out of the anesthesta and will need
further injections of pentobarbital *

Shorr It1s a long period In the experiment shown 1n Figure 38
with a 30 munute tnfusion there was enough ferntin activity 1n the
blood so that hyporezctivity lasted 30 minutes  Then at this ime 1t wore
off and the admunistration of another dose brought about the retum
of hyporeactrv ity

Harst It might be expected that there would be a greater accumula
tion of the ferntin with the longer infusion than with the shorter one

Shorr It depends on the amount You see what 1s happening 15
that the liver 1s removing the ferntin We found tn our antidiuretic
expeniments that in contrast to the rather large amount gomg in
ntravenously the amount remaining 0 the blood was very small

Harst ‘The ferntin concentratron goes down gradually rather than
abruptly

Skorr It always takes a Dittle time for the hyporcactnity to develsp

Suabseqy to this discusson, 18 um Lir experzments the perrd of eomt racrs Imtras cvnst
Wm::l' lrrrls':.u was kengihennd to 50 mumites The roolty remanal sachunged A
necal expenment i thmn on the et seic of T gure 39 No tperrest € mprnss
were obtimed an the mesaaprendi sesch The depres wa o the ascufar wnuti it
top cal epinephrine was mumtuned {1 43 minutes aficr the ompleton of the cont

wnf sn
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Harst Is thus related to an increase m the concentration of ferrtin
1n the blood over a period of time?

Shorr No because 1n the mesoappendrx test, as we regularly use 1t
for bio-assay purposes we tnject 0 5 ml. within about 30 seconds so that
the whole concentration 1s there maximally at the first moment, and
yet 1t takes me for the response to develop We sometumes see 1t after
3 minutes, at the first application of epinephrime, but 1t may take as long
2s 12 minutes to appear

Barton Dr Shorr I do not understand how you get those potnts
in Figure 38

Baez. The values on the lower left hand side of Figure 38 merely
represent the change 1n responsiveness as compared to threshold values
The dots which fall at the zeso level indicate complete unresponsive-
ness to the application of the epnephrine

Zwerfach 1 mght add that 1 our own expersments we felt 1t would
be more useful to determine the precise concentration of epinephrine
required to elicit @ threshold response The graphs were then drawn
plotting the reaprocal of the log of the concentration agamnst time

Baez. Yes there 1s a difference in the method of testing with topicel
epinephrine, and 1 should like to point out that we purposely use the
same threshold concentration of epmephrine throughout the test
period  Or to put 1t differently when unresponsiveness of the vessels
develops following the mjection of fernitin, we do not use stronger
concentrations of epinephrine to elicit a response because we want to
avord possible hypersensitization of the target structure
dos(ir;m. Do these potnts indicate the degree of response to a constant

Baez Yes

Green Do they represent responses 1 a single ammal and not an
average of a series of animals?

Baezx  Yes

Sborr We have also not understood some of the data on VEM 1n
fusions  Our kidney VEM preparations were not sufficently concen
trated for us to anticrpate that on infusion they could neutralize the
vasodepressor actrvity of blood 1n an ammal 1n shodk.

Zuwerfach The VEM was mnjected at a rate determined the
amount which served to maintain positive P activity 1n the bl

Shorr 1 should think that the VEM activity would be so drlute that
when 50 slowly infused 1t could not help but be ineffectve I am sur
prised you were able to detect 1t in the blood

Pillemer The terms good fernitin and bad ferntin are confusing to
the chemist What do these terms mean? What are the criterta that
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Hast 1 thought that Dr Zwerfach showed the effect at 45 muinutes

Shorr Yes but at 45 munutes the cffects are still depressor thouch
gradually coming back to neutral

Harst Since the effect does not appear until after 45 minutes 1s this
a comparable expenment?

Shorr Do you consider 45 minutes the crtical period for this effect?

Zuesfach The important consideration here 15 the short period of
ferntin admunsstration 1 the study of Dr Shorr and Dr Raez. What
remauns to be done ts to perfuse for longer peniods, as 1n our own work
and see whether vasoactrvity remains depressed  Should your data
with your own ferntin indicate hyporeactrvity throughout it will be
necessary to assume that our preparation of ferntin was in some wav
altered.

Shorr We had regarded the large dose as the important factor but
since you consider that the length of the mfusion also may influence the
results we will repeat the experiment using your conditions and put the
sesult 1 the record  As we sard in the mtroduction to the first confer
ence of this group Repeating experiments exactly 1s made possible by
conferences like this (11)

Baer  One difficulty with a 2 hour continuous nfusion of fernitin
1s that the test rat will start to come out of the anesthesia and wall need
further injections of pentobarbital *

Shorr Itisa long pcnod In the experiment shown in Freure 38
with a 30 munute infusion there was enough ferntin activity 1n the
blood so that hyporeactivity lasted 50 minutes Then at this time 1t wore
off and the administration of another dose brought about the retum
of hyporeactiv ity

Harst It nught be expected that there would be a greater accumulz
tion of the ferntin with the longer infusion than wath the shorter one

Shorr It depends on the amount You see what 15 happenme 18
that the liver 15 removing the ferntin We found 1n our antidiretrc
experiments that in contrast to the rather large amount gotng n
intravenously the amount remaining 1n the blood was very small

Harst  The ferntin concentratson goes down gradually rather than
abruptly

Shorr It always takes a little trme for the hyporeactisaty to develop

Subacqoent 1o this dsanuon, m umsbir exp the periad of ntra e
infovon of ferntm was lengthened to 90 mumutes The resolts remained umhinend A
typrcal cxpernment 13 shawn oa the neht sude of T gure 3% N hiportests € fnpaes
were s ned a the mesoappendix el The depres won of the sawulir sen 14 2
topical ep nephrine wa nw nuined for 43 minutes after the ompldson of the ¢com u

ofus






222 Shock and Circslatory Homeostases

you have established for something being good ot bad> Is the fernitn
that he 15 using good and 1s yours bad, or 15 yours bad and s good?

Sborr  The cntena are those generally accepted for protein punty
electrophoretic homogenetty and solubifity at the 1soelectric pomnt The
protein must be 1n the native state and not denatured

Piflemer Yes but there are vanous hinds of denaturation

Shorr That 1s true.

Anrsely 1 wonder what speatfic physical and chemical characteristics
can be used as cntena or as speaific terms for the matenals which
are being used Is this 2 completely soluble small molecule matersat
or 15 1t 2 large molecule?

Shors The molecular wetght 1s 465 000 for apofernitun, the proten
without the 1ron

Amsely 1 imagine that after this maternal 1s i the blood stream
vanous different substances may become attached to it

Shorr  What happens to 1t 1n the blood stream 1s something we can
only speculate about at present

Russely Thus the molecule with the complex of substances attached
to 1t which arrives tn different places in the body may not be at all
sdentical to the molecule injected

Fremont Srith - This may be true of anything mjected anywhere at
any time It 1s a general statement 1 think you cin wonder for
instance, about sodium chloride, what has happened to 1t and whether
it 18 exactly as 1t was when 1t was injected  We do not really know
what happens to anything when 1t 1s mpected mto the blood stream

Nickerson Do you have available some of the critera regardmg
solubtlities etc ?

Sborr The electrophoretic data have been published (1213) 1
cannot agree that because certain substances have different actions on
different parts of the vascular bed they therefore can have no physio-
logic significance

Zuesfach The point at tssue here s whether it 15 possible to predect
from effects recorded 1n one area such as the mesentery the vasculac
behavior 1 other tissues  The existence of both qualitative and quantt
tative differences in particular arcas makes such generaleations ex
tremely hazardous The inference has been made with regard to ferntin
that the appearance of this agent i the bloadstream should etther
uniformly depress the circulation or cxert such an overnhelming effect
10 one area that it would counterbalance the changes m athier arcas

Knsely It has been known for a long time that epincphrine for
instance opens the hepatc outlet values which s opposte to the
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usual begining medical school teaching that epmephrne causes
arteries to contract

Shorr Yes We are all accustomed to thinking of biologic agents
or endogenous factors, which have different actions on different parts
of the vascular bed Thetr potential significance for the shock syn
drome and their particular action 1n areas such as the splanchnic bed,
which are demonstrated to be vitally affected 1n the syndrome, remain
the object of continming study

Zwerfach OQur data do not rule out a possible vasomhibitory action
of ferntin on the arculation 1 either the Jiver or the bowel. The
Inghly specialized character of the liver arculation would make any
direct wference from the mesenteric arculation per se highly specu
lative,

Shorr So that 1f the really critical change of events 15 taling place
in the splanchnic bed then 1ts action or lack of action elsewhere cannot
be considesed as ruling out the importance of this vasodepressor factor
1n shock

Zwetfach Examination of the response to selected vasoactive agents
cther systemically or locully revealed an unpredictable
pattern 1n five representative vascular beds ‘These distinctions led
us to conclude that blood-borne factors of this type probably do not
serve & systemuc function but rather represeat local vascactive factors
at their site of origin  This contention was further supported by the
fatdure to influence vascular reactrvity during either the compensatory
or decompensatory phases of hemorthagic shock by the infusion of the
oppositely acting vasoactive substances
The necessity also exists to demonstrate that the decom tory
tendency as measured by the vasculac response to eptaephrine ot to
arterenol represents the basic lesion during the development of
ireversibility It was not possible to substantiate the consistent associa
tion of vascular hyperreactivity with 2n increased responsiveness to
othet strmult and the converse stuation hyporeactivity with a dimin
ushed response to other stumuli The fact that :dentical changes 1n
vascular reactivity could be instituted by purely local phenomena rawses
the question whether we are not dealing 1n the case of shock with
regional reactions each brought into play by different sets of metabolic
and neurogensc factors ‘The development of decompensation may not
necessanly be the consequence of a single set of humoral factors
. Slﬁ:rr This postulates that VDM like substances may be produced
ocally

Zwetfach  Equivalent potenttating and mhibitory cffects were pro-
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duced by local 1schema or by locally admuinustered agents 1
tissue which we have ttudu:dby d fenis 1 ey

Shorr  Ferntin 1s widely spread throughout the tissues of the body
and 1t 15 of great interest to us and possibly of importance for this
concept, that these phenomena do not occur until the metabolism of
the frver 1s converted to the anaerobic type with the release of ferrtin

Engel Wouldnt a critical point be whether ferntin can snduce
these changes i the lner? In other wards as I see the acgument o it
ts said that the primary site of action 1s on the splanchnic bed then
for ferntin to be of prtmary tmportance 1t must mitiate the change 1n
the splanchnic bed which in tumn induces the anaerobic state 1n the
Iner Unless 1t can be induced 1n this way it becomes a secondary
phenomenon and falls 1n the same category as the failure of inactva
tion of ferntin stself Ferrtin falls in the same category as many other
metabolic phenomena of the liver We have so much dificulty deading
whether these are important or icaidental phenomena

Shorr Yes Iagree

Zuesfach Changes in vascular reactivity have been observed in
particular segments of the capillary bed 1n the skin mesentery etc
There 15 no comparable evidence dealing with the reactrvity pattemn
relative to spectfic structural elements n the small blood vessels of the
Irver proper In fact the evidence indicates that the architecture wn the
Inver 1s hughly specalized and differs from that in other tissues We
therefore find ourselves 1n a quandary to explatn w hat influence ferntin
would have on the hepatic arculation even of the materiat did exert
an I influence on the muscular vessels

Engel The metabolic phenomenon must be initiated in the hver
by ferntin affecting the splanchnic bed It would not make any differ
ence what ferntin did to the Iner stself though

Zuwerfach If the decompensatory tendency during protracted shock
15 to be associated with ferntin, and the major sites of blood sequestra
tion are 10 the splanchnic viscers we must be able to relate the two scts
of phenomena causally

Green 1 should like to ask 1n what other bed besides the meso-
appendix ferntin has been shown to have this depressor effect?

Shorr 1 refer you to Dr 7wneifach

Green We have studied the effects of ferntin n skeletal muscle
but we never published the data because we were afrard the feentin
we had was not good  We studied a wide range of doses just as we
have tn the studies of the adrenergic blocking drups in sheletal muscle
(111516) but we could not demonstrate any blackade of epinephnne

constriction
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Baer. Were those studies performed 1n a normal dog preparation
of in an ammal that bad already been shocked to & cestan degree?

Green The ferntin 15 injected artennlly, into normal dogs mn the
same way 1n which we injected adrenergic blocking dru

Shorr - 'We have never clumed or demonstrated aqy effect of ferntin
on anything but the terminal vascular bed

Groen If the VDM 1s supposed to have a traumatic effect and to
ampasr the circulatory responses, shoulda t you be sble to demonstrate
thus effect 1n some other bed than the mesentenic?

Skorr Not necessanly tf the splanchaic area happens to be the
crucial one.

Fine The whole arculation 15 depressed there 15 depression of flow
everywhere 'Why shouldn t you find this?

Shorr That 1s true  If we are correct 1n our assumption whuch 1,
after all, only a working hypothests, that the crucial factor in the failure
of recovery of the ammal hies 1n the splanchnic srea 1n particular in
the set of events iutiated 1n the lrver then it would be necessary that
this vasodepressor effect be exerted only tn that area

Fime Why do you make that assumption?

Shorr I believe the whole evolution of the shock theory, not just
our own worh, points wn that direction.

Bwrton  Wouldn t the bass of the experiment, to support the claim
that this factor or that 1s the important one, be shock? It seems to me
we all have the night to be interested 1n these particular factors One
would pich out dozens of them Dr Fine expressed a bactersal one,
you think of VDM To me as an outsider the test of whether some
thing 15 important 1 the shock syndrome s to see whether that partic
ular agent when grven to an animal, produces any change 1n the out
come of the shock expeniments

Eremont Smuth 1t has got to be given at the night spot.

Shorr This would scem a very reasonable request however I should
like to show a little later some evidence which demonstrates how danger
ous it 13 to assume that 1f you want to test this hypothesis you can
just ingect some ferritm

Barton. We have been using the cuterion on other theories For
instance some have said 1 give an antibiotic and 1t doesn t affect the
shocl picture, Shouldn t we apply the same cntenon as to whether this
1 really important 1n shock?

Shorr Yes but these things are far more complicated than they scem
on the surface and sometimes we rule out things and later on we find
we had better rule them 1 agan!

Dobson I want to say a word m regard to the importance of the
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splanchnic area 1n shock as illustrated by changes 1n its circulation
following bums. Here the Iner arculation 1s depressed but less
depressed than the rest of the arculation. The average Iner arculaton
1s down let us say to about 40 per cent whereas the cardizc output
1s down to 30 per cent of normal and somctimes much more than
this (17) Thus means that the circulation elsewhere 15 down more
than the cardiac output

Furthermore, there 1s some suggestion that later on in the post bum
course, the linver arculation may increase  Our method for measurng
hver arculation does not work very well later on because phagocytic
function 13 depressed (18) and we cannot accurately distinguish between
phagocytic efficiency and blood flow changes But it may be that we
are overemphasizing a depression of splanchnic blood flow

Knisely In 1912 Krogh showed that sn human beings the liver and

rtal vein bed constitute a blood seservoir  He also showed that the

lood flow out of the hepatic veins 15 2 major factor determining cardiac
output. There are three papers in which he shows this namely Measure-
ments of the Blood I'low Through the Lungs of Man (19), On the
Influence of the Venous Supply upon the Qutput of the Heart (20),
and The Regulation of the Supply of Blood to the Right Heart with
a Description of a New Circulation Model (21)

The expenments were done upon Krogh himself and his colleague
Lindhard In the analyses and discussions 1t is shown that (4) the
heart cannot pump any blood which does not get to it () under
ordimary conditions 1t pumps all the blood that it does get (¢) the
venous pressure at the pomnt where the superior and mferior vena cava
enter the heart 1s very low () extremely small increases and decreases
of flow into the heart determine moment to moment changes n cardiac
output and (e) the small decreases and increases of flow from the
hepatic vetns tnto the mfertor vena cava determune the totals of the flo
mnto the nght atrum  The sigmificant pornt 15 that whenever the Liver
and portal vein bed begin to store blood the amount stored, even if
continually moving 18 withdrawn from the general curculation and
smmeduately thereby acts to decrease the flow 1n the superior and
inferior vena cava  The essential point for this argument s that very
small changes i the flow through the hepatic vemns are determinatne
in the mathematical sense of cardiac output under these particular
conditions (22)
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PRESERVATION OF THE HEPATIC FERRITIN
SYSTEMS AND PROTECTION AGAINST SHOCK
BY N - (2-chloroethyl) - N - (cyclohexylmethyl) -
ethylamine hydrochloride (G-D 131)*

EPHRAIM SHORR?Y
Depariment of Medicine
Cormell University Medicd all;ft

od
The New Y ork z;?lld
New York Y

I SHOULD LIKE TO PRESENT some of our more recent studies (1) on
reservation of the hepatic ferntin systems and protection against shock
Ey N (2<hloroethyl) N (cyclohexylmethyl) ethylamine hydrochloride
(GD 131) These studies will illustrate how much the contact with
the men and the grve and take in these conferences has helped our work.
About 3 years ago when we found that dibenzyline spectfically affected
the liver 1n shock, protecting the ferntin inactivating systems and pre
veating ferrtin release (Le preventing anacrobic production of vaso-
active sulfhydryl ferrous-ferriin)  we should have liked to consider
that this provided some support for our theory about the evolution of
the shock syndrome, but the interpretation of the results was clouded
by the fact that there were, 1n addition to the above effects vascular
fhangu brought about by the adrenergic bloching properties of dibenzy
ne

At about thts ime we talhed with Dr Nickerson, who told us of the
very interesting study he had done with Dr Gump (2) on the relation
of the structure of adrenergic blocking agents to their action. Amongst
the compounds examuned 1n the effott to pinpoint the chemucal groups
necessary for thus effect were some that had been slightly altered so that
they had lost all adrenergic blocking action. Later, Dr Nicherson
B T s s S e ot 5 P
&ﬁ%,&ﬁ“i““mm T of the Ammy (Cootmct No DA-4s-
,lmmdmmmhunﬁ:‘gmﬁrﬂ:m e priled sastraoce of



230 Shock and Crrenlatory Homeostusis

also studied a group of these compounds with Dr Haney (3) showing
that some of these altered compounds lacking adrenergic blocking
properties stdl had lde dibenzyline, the capacity to bind sulfhydrsl
groups Would you comment briefly Dr Nickerson?

Nickerson The steucture-actvity studies revealed that several inter
esting and somewhat complex factors are invohved sn produang the
charactenistic action of this type of blocking agent (2) Honever the
basic factors of smportance n this discusston are that saturation of the
aromatic portron of the molecule provides 2gents which lack adrenergic
bloching activity bat do react with sulfhydn! whereas elunmation of
the alkylhalide moety abolishes both properties

Shorr  Dr Nickerson sent us a sample of one of these compounds
in which the adrenergic property was abolished by the saturation of
the benzene nng * This was G D 131 [N (2-chlosoethyl) N (cyelo-
hexylmethyl) ethylamine hydrochlonde] Tt was quite nontoxic in fact
it had no discernible pharmacologic properties at the doses used We
set out to explore 1t using drum shock 1n rats because that s the
easiest form of shock to study It was absolutely without any benefit
50 we put 1t aside 3 years ago

At last it occurred to us that a trial of G D 131 1n hemorshagie shock
mught be worth while since aurcomycin protected rats aganst hemor
chagic shock despite its meager benefit (at 6O minutes pretreatment) 1n
drum shoch  The results were very interesting and led us to explore the
possibility that without having any complicating vascular effects this
apent mught resemble dibenzy line i its effects on the ferntin regulating
systems Such was indeed the case

Figure 39 shows the 1 rutro cesults with G-D 131 Ten micrograms
1n 5 ml were (ncubated with one gram of liver slices for 10 munutes

Nickerson  Quantitatne companson of these blocking agents may
become important to this discusston and 1 should hike to pownt out
that very low concentrations are effectine 1n produang adrenergic
blockade rw ritro Out standard blocking concentratton of dibenzylime
15 0 05 pg /ml

Shorr  The procedure ts the same as Dr Baez described for s t3tr0
studies with aurcomyan or dibenzyline  The Inver shices were exposed
to the agent for 10 munutes and then were washed after which they
were incubated for 90 minutes 1n mitrogen  As shown in Tigure 39 no
fernitin was released  When the same anaerobic Iner shices were then
reincubated aerobically with ferrstin they nacinated it as well s a

*Dr Wilum Gump Gi asdan Drlywanny Componatron, alio Simdly semt e weme of thi
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Troatment of [lver slices after exposure to G~D 131

VDM Ny x 90 minures Ng x 90 minutes, then Oy
Activity + ferrltin x 120 minutes
e
Strong o0 0o .o
LI I N J
Moderate [ 2N BN N J s 08
Mid LN o]
0O0o0o0O0 O ooo
Neuhral 00000 cco00 O
O = G-D 131 @ » Controls J

TWGURE 39 In rutro effect of G D 131 on the hepatic ferntin systema. Liver
shices (1 gm.) mncubated for 10 munutes 2t 37 5°C. with GD 131 (10 gg) 10 3
ml Ringer PO, medium m axygen. Slices washed twice and reincubated as
thove  Repatted, by permsnion, from Baer, S, Stilantu, S G, and Shorr E.
Influence on the ¢ fetritin xgnm of a tertiary amine, G-D 131 with bene
ficral effecs 1n Proc Soc Exper Brol & Med 92, 61 (1936}

norma} hiver does whereas the control anaerobic liver siices were unable
to tnactrvate the added ferntin

Our data on G D 131 compared with dibenzyline in hemorrhagic
shock 1n rats are given in Table XLIII The difference between the
protection with dibenzyline and with G D 131 1s not ssignuficant  The
uptake of blood was somewhat less 1 the treated groups than 1 the
controls  Here, then 15 an agent which regardless of what other un
known effects it may have 15 not an adrenergic bloching agent and
which 1n concentrations of 80 #g /100 gm of body weight produces
a fugh degree of protection against hemorthagic shock

Figure 40 shows the bleeding Eam:m in these rats  The pensod of

e,

maximal blood loss before uptake, 1s longer and ends later 1n both
treated groups than n the controls
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TABLE \LHI

Compariron of the Effect of Dibenzyline and G-D 131
on the Outcome of Hemorrhagie Shock m the Rat*

Controls Dibenxyline GD1xt
02 m} 20 ug/100 gm | BO pp/100 gm
saline Eody wt Gody wt
Number of anumats 22 19 22
Maxtmum blood lost}
(Per cent body weight)
Average 45 45 41
Range 35t53 33toss 351050
Uptalke of bload**
(Per cent body w e1ght)
Average 10 03 03
Range 00to36 01to10 , 00t0 1.8
Per cent sunval J
at 24 hours 27 J 63 ! 77
{

Both agents mpected mto the tail vewn 60 mnutes before bleeding

1Totat Bood loss required to hrng blood prossare to 30 mm He ned

*Amount of Blood spontancounly taken up from toenvour to mamnan blaod prossare
at 30 mm. He for ¥ hours

Repninted, by permussion, {rom Baez, S Snkantia, S G, and Shorr E Influ
cnce on the hepatic fernitn systems of a tetury sune G D 131 wuth berweficul
effects in shocke Proe Soc Exper Brol & Aled 92, €1 £1956)

You may recall a protoco! of an expenment presented by Dr Baez
at a presious conference (4) showing changes induced by dibenzyline
in the behavior of the terminal vascular bed of the mesoappendix of
the rat There was mtial depression of epincphrine reactnaty which
was seplaced as hemotrhagre hypotension develaped by hyperreacuvity
In categary—tasomotion vasocomstriction of the artenales and
capdllary blood flow—ompensatory teactions persisted an the treared
rat for much longer periods than m the control
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HOURS
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:J,’J 100 2 5mg /1003 body wt
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S
@ 204

47 CONTROL

BLEEDING
PERCENT BODY WEIGHT

Figurr 40 Dug t tron of the bleed
and dibenzyline-treated rats and thexr controls,

MB = sverage maximal blood foss

M = average durition v minutes of the maxmal blood loss

g paitern w1 G-D 131

l:;g\m: 41 15 2 similar protoco) with G-D 131 nstead of dibenayhne
In doses of 80 to 200 pg /100 gm body weight G-D 131 had no
duscemible effect on the termenal vascular bed of the normal rat  How
ever dunng the hemorehagic expenment, compensatory of vasou
fac behavior persisted 1n the mesenteric bed of the treated rat as com
pared to the marked detenioration seen tn the control animal

We asked ourselves why we got no benefit tn drum shock when the
fesults 10 hemorrhagic shock were so excellent Our expenience with
avreomyan i drum shock which Dr Baez has describad nreviendy
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Ficurr 41 Duagram of peripheral vascular responses to standardued hemor
;hoafxcdwd. m & nocreal rat and in oec treated with G-D 131 80 x5./100 gm
y weight 1V 1 hour prior to stact of bleeding

aurcomycin an hour before drum taauma we got very latle protection
but if we waited 2 hours and then drummed the rats, the protection was
substantal

Fire That s providing you gave flud too”

Shorr No extra fund  The contols were given the same volume of
saline as was used to dissahve the drug for inpection m the treated rats.
They got only 02 ml

Time Y ou have about 77 per cent recovery yet you didnt give any
flud

Shorr No flurd therapy was gnen. We loaked at our hemorhacie
expenments and realued that mpxting an agent an hour before the
bleeding 18 begun leares an tntervat of 3 hours befoce the Iner becomes
really hypoxic with the towenne of the blood pressure to the 30 mm.
Hglevel Sowe tnied grong G D 131 3 hours before the dnm traums
fn Table \LIV the effect on the sunnal wte s shomn 30 pee cent
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TABLE XLIV

Effect of Intravenous Pretreatment with G-D 131
On the Outcome of Drum Trauma in the Rat

200 4g G D 131/100 gm
Sallne 23 body wi
Tune of 1njection —60 to —180 —60 ~—180
minutes minutes minutes

Number of rats o4 28 93
Number of rotations 715 715 715
Number surviving

at 24 hours 41 15 78
Per cent survival

&t 24 hours 44 53 84

Repnated, by permission, from Baez, S. Srikzatis, 8. G., and Shorr E.  Influ

ence on the hepatic fernitin systems of a teriary amitie, G D 131 with benefiausl
cflects in shock. Proc Soc Exper Brol & Med 92, 61 (1956)

survived when 0.2 ml saline was grven 60 to 180 minutes before drum
ming  The survival was the same when the G D 131 was gven 1 hour
before trauma but when 1t was given 180 mnutes before, the bene
fiaal effect was dramatic 84 per cent survived.

We have removed the livers from control rats and from those pre-
treated with G-D 131 at the end of our standard hemorthagic shock
procedure (Figure 42) and have found the ferntin mechanisms intact
i the treated rats 1n contrast to the deterioration of these systems 1n
the control rat livers  Blood assays agreed, 1n general with the findings
m the Liver In other words, GD 131 exerts its protection of the
hepatic ferntin systems 11 1110 as well as m 210

fgjel Doesnt this experiment 1n a sense answer the question I
faused earlter? 1f I understand 1t correctly and with all sts implications

here 1s 2 situation 1 which you say that the Inver does become hypoxic,
am I nght?

Sborr Yes n the controls
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FiGurE 42 Effect of pretreatment wath G D 131 (80 g /100 body waight
grven 1nto the tasd ven 60 minutes before the hemorrthagic ure) on hepato-
renal vasoactrve factors 1n blood and liver after 4 houry of hemorrhagic h)d;vlm
ston at or above 70 mm. Hp for the first hour at 50 mm. Hg for the sccond hour
and at 30 mm. Hg for the following 2 bours. Reprinted, by peromssion, from
Baez, S. Srihanta, S. G and Shorr E. Influence on the tic ferntin systems
of a tertiary amuine, G D 131 with beneficual effects i shock. Proc Soc Exper
Brol & Med 92,61 (1956)

Engel But 1t still succeeded in inactivating ferntin did 1t not?

Shorr We do not know whether the Iier 1n the treated rat gets as
hypoxic as the control liver

Engel Then, you do not really know where the agent 15 acting?

Shorr We know that 1n the presence of the agent the harmful
effects of hypoxia are prevented

Engel 111::1 what you are measuring 15 one parameter of the pro-
tection of the hypoxic liver

Shorr That 1s npht
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because it does not have anything to do primanly with the liver becom-
ing hypoxic. Therefore, how can one distinguish between the abnor
mality in the Liver with respect to mactivation of ferritin from any other
metabolic phenomenon? What males 1t any more important?

Shorr 1 should like to restate what you have said 1n this fashion
The animal 13 exposed to a degree of shock which ordinarily affects the
liver profoundly and which 1n particular damages the ferntin systems
Regardless of what may happen to the over all oxrdative metabolism of
this organ, when we a!d an agent which preserves the ferntin systems,
the administration of that agent and its effect on these systems are
assocated with survival. This doesnt mean that X, Y or Z may
not be the core of the problem instead of ferntin  But so far we have
no better evidence or specific indication of what goes wrong

Engel Is there any way you can more or less speafically powson
the ferntin mactvating mechanism 1 the anumals protected with one
of these drugs without knocking out a lot of other enzyme systems?

Fremont Smith Without hypoxia

Engel Hypoxia, presumsbly now 1s not tmportant. Appareatly the
liver 15 warking all nght.

Baex. Since the blood flow 1s better and the over all dynamics of the
splanchnic capillary bed are unchanged 1 the pretreated ammals 1
wonder whether hypaxia develops m the liver to the same degree as
1 the controls

Engel It scems to me that the ageats act by cutting down
on the decompensating effect which would have resulted had ferntin
been released In this case the cntical expertment would be to devise
some way of pousoning the particular mechanism for ferntin mactrva
tion and showng that now the ammal decompensates

Shorr We havent done that. This agent 1s nontoxic m the doses
we give. The LDue 1s about 75 mg/kg or 74 mg /100 gm.,
and the effectrve dose 15 80 pg /100 gm. or perhaps cven less we
have not tried lower doses

Recovery 15 assocrated with the admumstration of an agent which
has no vascular effects that we can discern, which 1s not adrenergic
blodung, 15 not anticholuergic, nor antibiotic, 1 fact has no pharma
cologic effects 1n the animal as far as we know but which has a very
definite effect on the fernn systems 1n the liver The inference that
we draw 15 that the persistence of the compensatory phenomena under
‘Zﬁe arcumstances 1s a result of the livers being prevented from
releasmg something which 13 deleterious to these compensatory re-
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because 1t does not have anything to do gmnnmnnly with the liver becom-
ing hypoxtc. Therefore, how can one gush between the abnor
mality 1n the Liver with respect to mactvatton of ferrntin from any other
metabolic phenomenon? What makes 1t any more important?

Shorr 1 should like to restate what you bave said 1n this fashion
The anumal 15 exposed to a degree of shock which ordwnarily affects the
lives profoundly and which n particular damages the ferntin systems
Regardless of what may happen to the over all oxidative metabolsm of
thus organ, when we add an agent which preserves the fecrttin systems,
the admunistration of that agent and 1ts effect on these systems are
assocated with survival, This doesnt mean that X, Y, or Z may
not be the cote of the problem instead of ferntin  But so far we have
00 better evidence or speafic indication of what goes wrong

Engel Is there any way you can more or less speafically poison
the ferntin-machvating mechanism 1n the ammals protected with one
of these drugs without knocking out a lot of other enzyme systems?

Fremont Smsth Without hypoxi.

Exgel Hypoxa presumably now is not important Apparently the
liver 15 working all nght

Baez Since the blood flow 13 better and the over all dynamics of the
splanchmic capullary bed are unchanged 1n the pretreated ammals, I
wonder whether hypoxi2 develops in the liver to the same degree as
i the controls

Engel Tt seems to me that the protective agents act by cutting down
on the decompensating effect which would have resulted had fernitin
been released  In this case the entical expeniment would be o devise
some way of possoning the particular mechanism for ferntin mactiva
tion and showing that now the animal decompensates

Shorr We haven't done that. This agent 1s nontoxic 1 the doses
::d gtIth cﬁThe L?.u 15 about 75 mg/kg or 714 mg /100 gm.,

e effective dose 1s 80 100 or even
have not tried lower doses 8 /100 grm. of pehiaps fos v

Recovery s assocated with the admunsstration of an agent which
has no vascular effects that we can discern which 1s not adrenergic
blocking 15 not anticholnergic, nor antibiotic, 1 fact has no pharma
cologic effects n the ammal as far as we know but which bas a very
definite effect on the fernitin systems in the liver The inference that
we draw 13 that the persistence of the compensatory phenomena under
these circumstances s a result of the livers being prevented from
releasing something which 15 deletersous to these compensatory re-
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the fo nw ch fernti® exsts 10 the 1 et ¢ fent®
ane ¢ they *€ the sl g A form v beca™e

LIVER « N2

FERR\T\N ~
LWER® [+F3 o

(acT t)

TR e e St A o T e
100
T r,\,d\su\ﬁdc oY | chert 187

Juetio? of {ernlt® ol
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st had been mactivated with iodoacetamide, which combmes with
sulfhydryl groups irreversibly Reduang agents such as cysteine and
ascorbate were able to bring about this reactrvation of odoacetamude
treated ferritin, but we leamed that what changed under these arcum-
stances was not the sulfhydryl but the ferrous iron of ferrtin (Table
XLV

We fractionated ferritin with varying concentrations of ammonmm
sulfate and found that the fractions differed 1n total ron content but
that the relationship between the ferrous iron and the total nrtrogen
content remmned constant. Except mn the fraction with the least
total rron there was also & constant relationship between sulfhydryl
and total nitrogen content and hence between the ferrous tron and the
sulfbydryl These results are listed 1n Table XLVL

We thought oniginally that 1ron was not important 1n the vasoactivity
of ferritin use both apoferritin and fermtin were active though
apoferntin has little 1f any iron (78) We now found (Table XLVII)
that on anaerobic exposure of ferritin to Liver slices 1n addition to the
tncrease 10 vasoactivity and in sulfhydryl groups there was an increase
in the ferrous wron and conversely on aerobic incubation with lrver

TABLE XLV

Effect of Reducing Agents on Ferrous Iron Content of
Todoacetamide-treated Ferritin

E —SH Ferrous Iron
Treatment Total N Total N
«M/100 nM/100
mg N mg N
(2) Ongmnal 165 20
(b) Fetritin + rodoacetamide [ ] 12
(€)  (b) + cystemne 5.2 11
(d)  (b) + escorbate 57 49

Repanted, by permusion, from Shorr E Intermed
sy metabolism and bro-
logical activities of ferntin. Harrey Lect 1954 1955 112 (1956)
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Renmungton Dr Nidierson, 15 there 2 chance that ths materl
would be comerted in the body into somethtng which coutd act a5 an
adrenergre bloching agent?

Nickerson 1t s bard to tule out such a conversion but 1 think ot
1s most unfikely The body does not unsaturate saturated rings and the
orgmal conclusion that this agent ladks adrenergic blocking actisity
was based on m r7ro studies 1n which the drug was admmstered to
cats in maxumum tolerated doses without reversal of the pressor response
to epinephrine (2) We were quite conscious of the slow omset of
action of members of this series Our acute intravenous expenments
were run over 2 pertod of at least 6 hours and we also had some
observations on animals mjected subcutancously for several days before
testing

Shorr 1 should like to conttnue the ferntm story by describing
rapidly some of Dr Mazurs more recent studies (5,6) Figure 43
presents the concept we held 1n 1950 of the activation and sactivation
of ferntin  Actnation refers of course to its antdwretic action as
well s to uts cffects on the epinephrine reactivity of metartenoles and
precapillary sphuncters We thought we could relate the activity to the
sulfhydry! groups (7) When these were m the oxidmed disulfide
state the form 1n which ferntin extsts i the narmal lver the fermtin
was nzcane. If they were reduced to the sulfhydryt form, it became
actne

Fremont Smth  May 1 pont out that plus nitrogen really means
minus oxygen?

Shorr Yes that 1s correct homener there was one fact whach dud
not fit in with this concept We could reactwate ferrtin agam after

3
/"‘ LIVER + Np / "
e ———————
FERRITIN FERAITIN
\{ |
s LIVER + 0 51
(INACTIVE ) {acTive}

Ficur 43 Ferntin imacuvation and actevation—1930 concept Rtpﬂr:&! i
par, by permission from Marur A Litt, L, and Shoet E Omhxx;u mﬂ;
dixtion of fermm suifhydni-disulbde proops by bver | Bwl Chem

497 (19%0)
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it had been inactivated with todoacetamide, which combines with
sulfhydryl groups irreversibly Reducing agents such as cysteine and
ascorbate were able to bong about this reactivation of rodoacetamude
treated ferntin, but we leamed that what changed under these circum
stances was not the sulfhydryl but the ferrous wron of ferntin (Table
XLV

We fractionated ferrihn with varying concentrations of ammonum
sulfste and found that the fractions differed mn total 1ron content but
that the relationship between the ferrous iron and the total mitrogen
content remaned constant. Except 1n the fraction with the least
total tron there was also a constant relationship between sulfhydryl
and total nitrogen content and hence between the ferrous 1ron and the
sulfhydryl These results are listed 1 Table XLVI

We thought origunally that 1ron was not important in the vasoactivity
of ferritin because both apoferntin and ferntin were sctive, though
apoferritin has luttle 1f any wron (78) We now found (Table XLVII)
that on anacrobic exposure of ferntin to liver shices 1n addion to the
tncrease 1n vasoacttvity and mn sulfhydryl groups, there was an increase
in the ferrous wron and conversely on aerobic incubation with liver

TABLE XLV

Effect of Reducing Agents on Ferrous Iron Content of
Todoacetamide-treated Ferritin

Ferntin _SH Ferrous Iron
Treatment Toal N Toal N
M /100 WM/100

mg N mg N

(2) Onginal 165 2.0

(b) Ferntn + swodoacetamide 65 12

(©)  (b) + cystene 5.2 11

) (b) + ascorbate 57 49

Reprnted, by permussion, from Shorr E. Intermed:
ary metabolsm and bio-
Yogical actrvities of ferntin. Harvey Lect 1934 1933 112 (1956)
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TABLE ALVI

Relationshup of Total Iron, Ferrous Iron and Sulfhydry1
Groups 1n Ferritin Fractions

Coacentration Total Iron ~ Ferrous Iron SH Ferrous Iron
of (NH),S0, | TonIlN “ToalN_  TordN  “ToulTren
g:m;lf Micromoles per Mithmole

(Ontginal) (454) (08) “41) (17)
0to27 549 07 32 1.2
27t0 31 454 06 33 14
31to 34 361 06 34 16
34 to 50 251 08 51 32

Reprinted, by permussion, from Marur A. Baez, S, and Shorr E The metha
nsm of 1on relese from ferntin as refated to 1ts brofogcafl properties. [ Brof
Chem: 213 147 (1953)

slhices along with the mactivation we found a decrease m both the
ferrous tron and in the sulfhydryl grou

As we now began to study the sngmfﬁ‘:ncc of the 1ron rather than
the sulfhydryl groups of ferntin we needed a more speafic or direct
way of remosving ferrous iron from sulfhydryl ferrous-ferntin to find
out whether or not the actvity would be changed We found that
the plasma wonbmdiag proten has a rery strong affimy for the
ferrous iron of ferrttin q‘he conversion of the ferntin iron to the
ferrous form makes it more dissociable It 1s readily transferred actoss
2 membrane for combination with the tron binding proten of plasma
The results of such an expenment are also grven i Table ALVl
With the orginal ferntin prepared from horse spleen 17 per cent of
the fercous 1ron of the fernitin was bound by the plasma sron binding

rotetn After incubation with Iner shices i nitrogen  the ferntn
Ecamc cven more actine because as 1t was ongmally prepared it had
niot been completely reduced  The sulfhydryl groups ncreased from
25 to 337 and the ferrous tron from 17 to 63 micromoles/100
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TABLE XLVII

Effect of Liver Shees on Sulfhydryl Groups and
Ferrous Iron of Fermun

Fe++ Bound by Plasma
Iron-binding Prot
— s xes g brote
Total |Per cent of (c)
uM per 100 mg ferrttin total N
Ongnal Ferrttin 250 17 08 47
(2) Ferntin < liver
slices 1n Na 337 65 57 88
(b) (2) +lver
slices 1n O 149 23 02 9

Reprinted, by permussion, from Mazur A, Baez, S. and Shorr E. The mecha
alsm of wron release from fernitin a3 related to 1ts biological properties. | Bro/
Chest 213 147 (1955)

mg. of ferntin total mitrogen, and the won bound by the plasma tron
bmdmi protein increased to 88 per cent The ferrous iron had become
more le. Conversely, when we oxidized the ferntin agan, by
aerobic incubation with Liver slices, the sulfhydryl groups decreased to
149 micromoles/100 mg of ferntin total nitrogen, the ferrous tron
content fell, and now only 9 per cent could be transferred to the plasma
ton-binding protein
We found that the combination of surface ferrous 1ron of sulfhydryl
ferntn with the rronbinding protewn abolished its vasodepressor action
aod we nfer from thus that the ferrous tron 1s spectfically related to
this actty When we did the same thing to apoferntin, which pre-
{hl-umbly had na 1ron, we also made 1t inert, and we conclude that while
¢ amounts of ferrous 1ron which had been retained 1 the apoferritin
::rc too small for us to measure by our previous methods tE:y could
remoted by treatment with the plasma iron binding protein
m?s"m 44 represents the picture we now have of ferntin actrvation
mactivation. The fernitin molecule coatains collosdal fernc phos-
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TABLE \LVHI

Plasma Iron and Iron binding Capacity (IBC) of Dog
During Lethal Hemorrhagic Shock

Tieme Blood Rat Plasma Fe IBC
/ Fe | Saturatwon
He/mia Pm’}“{" Test* l&;gml (ﬁoo (per cene)
(mm Hg) plasms) | ml plasma)
0/0 110 Neutral 158 190 43
0/20 90 VE(4+) 138 185 46
1/0 84 | VE(2+) 179 193 48
1/35 67 | VD(14) 197 108 61
2/0 40 | VD(2+) 180 95 63
2/40 40 | VD(+) | 217 75 74
(infusion
of 40 ml
blood)
3/40 L 25 VD(44) 333 J 23 93

‘Vt-nmmmm;:;mglmby&ogphmhmnmnuﬂuw
VD = sor effect.
(Do;l\%ékg Na pentobarbetal 23 mp/kg dred withen 21 hr)

phate—ferric hydroxide micelles situated nternally  This 15 the l)):.(fl}‘;
of the tron, but on the surface 15 2 small amount of 1onk 1ron w
can exsst in either the fernc or ferrous state It 1s the surface won
that 13 reduced by the anaerobic Iiver and we believe that chelation
by the sulfhydryl groups helps to stabilze at Ordinanly fetrous 1ron
added to proteins ts readily autoxidized T the

We have talked so far only about changes i fernitin sron 1 Lhe
test tube The next step was to watch the changes i the phsrn: i
n amimals gomng mto shock  We bled control dogs in x{hc mnn:ﬂnluy
in our laboratory to produce a high percentage o m'c-\u:mt o
Table XLVIII shows that duning the carly part of the exper




Protection Agamnst Shock by G D 131 243

Collordal  micelles of

FeOOH)s (FeOOPOH2) Cell wall
/S . /]%I
2 . ,
Fes+ | LIVER Fe+ Fett
02 ‘
redeir” \5 \a J
INACTIVE ACTIVE Fett

WURE 44 Fernitin snactivation and activation—1955 concept. Repninted, by
sermussion, from Shorr E.  Intermediary metabolism and brologacal activities
f ferntin Harpey Lect 1934 1955 112 (1956)

lasma tron changed very little, but when the blood pressure was
educed to drastic hypotensive levels there was an increase i the
lasma 1ron content associated with 2 decrease 1n plasma iron-binding
apaaty and the saturation of the iron-binding protein rose to 93 per
xnt.

The liver ferntin systems were protected dunng shock 1 rats by
libenzyline pretreatment In 2 dibenzyline treated dog (Table XLIX)
bjected to the same hemorrhagic procedure as the controls there
was 00 increase in the plasma tron nor any drastic decrease 1n tron-
binding apaaty bio-assays of blood showed that ferntin did not appear
n the arculation (9) In the untreated animal 1 irreversible shodk,
the ferntin stores of the liver are converted to the sulfhydryl ferrous
form and the iron-binding protetn of the blood 1s thea able to remave
quantittes of won which are sufficent to double or quadruple the

tron content. Table L summarnizes these data

Dr Mazur and Dr S Green have just completed studies (10 11)
which provide 2 possible explanation for the action of ferrttin 1n inhibit
mg the constrictor response of the vascular smooth muscle cells to
topical epinephrine in the mescappendix test This action of ferritin
may be related to the catalytic oxrdation of epinephrine by ferritin tron.
We postulate that the ferrous 1ron of ferritin on dissociation could
enter into the cell where, no longer bound to SH groups 1t would be
caverted to the fernc form and be capable of catalyzing the oxidstion
of ¢ to adrenochrome which 1n turn would be rapidly con
verted at neutral pH to vasownactive melanin like compounds

studtes have revealed that epmephrine oxidation can be cat
alyzed by ferntin 1ron as well as by wnorganic iron  The chelating agent,
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Fe+~EDTA Fe#+— Cylochrome C

FiGuRE 45 Structural smilanty of complexes formed lenedumune
tetraacetate (EDTA) and cytochrome ¢ with Fe+++ chnbnymiugy permisson,
from Green, S, Mazur A™ and Shorr E. Mechsaism of the catalytic oxids
tion of adrenaline by ferntin | Biol Chem 220 237 (1936)

0 0
0---)----- N 0~-—f*--—-N 0~-=-]-~=-=-N
! i ! ! ! [
NP AN AN P Y
K Fe i fem J Fe= ,’
i ! '
’,/ \ , // \ ; ; / \ II
0-—--1--N 0*——-]---N (H,O----r*O
(1:0) (H:0)
Isopropylene - N~bydroryethyl Hitrids
diamne tetracelate ethylenedamme triacetate
triacetate
Figure 46. Relabon of as accelerator of atlytic ondaton of ¢

nephnine by 1ron, to structure of complex 150 1 etetrascetate (an
furnssh six co-ordinate bonds and 15 as actine as A Com) m the mddie
15 1e3s actrve and contarns but five of the six groups required for banding to the
1ron atom. Compound at the right with four boads 15 tnatne  Reprimted by
permuston, from Green, S, Mazut A, and Shorr E - Mechanumoof 1 catalytn
oxndatron of adrenaling by ferntin | Brol Chemn 220 237 (19Y6)
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TABLE XLIX

Plasma Iron and Iron binding Capaaty (IBC) During
Hemorrhagic Shock Pretreated with Dibenzyline

Blood Plasms Fe IBC
Time (ng/ (ng Fe Saturztion
Hfmin | Presure | RatTest | y55'm) v (per cent)
(mm Hg) plasma) | plasma)
0/0 120 Neatral 96 190 34
0/30 65 — 116 158 42
1/0 52 VE(34) 112 150 43
1/30 2 — 116 137 46
/s 25 VE(2-+) 110 120 48
&EMN;‘% ll‘:rﬁ‘ﬁ.)z mg/kg dibenryline 17 hr befoce exp N1 pentobar

etiylenediaminctetraacetate (EDTA) was found to accelerate this
action of morganic ron and of ferritin 1ron. Instead of tying up the
tron and reducing its catalytic activity as we had expected, EDTA
made it more effectrve 1n oxtdizing epinephrine We also learned that
the most actrve chelating agents 1 this respect were the ones which
coatained the groups needed to form 6 co-or bonds with the 1ron
E’C configurations of cytochrome ¢ and of chelating agents which have
'S property of accelerating the action of iron in the oxidation of
pmephnine, ace illustrated 1n Figures 45 and 46, as compared to those
;hicll+m tnactrve n this respect  Figure 46 shows the bonding of
¢+ by 1sopropylenediaminetetraacetate which 1s as active as EDTA
| augmenting the catalytic action of won the middle compound 1s
&3 active and the one on the night 15 mactrve

1 should ke to o on to our most recent work which presents a
w}:tnt facet of this picture. About 21 years ago Peyton Rous (12)
g B responsible for so many interesting things showed that if
patticles were injected 1n an anumal, and after @ period of time the
from Lm perfused the reticuloendothelial cells could be extracted
hel perfusate by means of an eye magnet We thought this might
P m the clanification of the mites of VDM (ferritin) formation and
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0 N
“EDTA e*”-CyfochmmeC
Flouxr 44 Strucrry Koulaegy of lexes by

coep czbﬂmtﬁ:::.,
fetrazceyye (H)TA) md‘ﬁnchmmer ®ith Fev s . Reprr, b]}’tn:;u‘nn,
from Green S., Mazyy A, ang Shorr | \ll‘dnnum o{th:d'ounw oud;
tion of adreqafin, by ferrryy, J Bros Chem 237 (1955

0 (.0 {+,0)
Iﬂ;rnﬂ'rfnt - H-Lﬂruplbﬂ Kteils
diaruny tetracetste thyleneZymn, trigep gy
friacetyte

Fisury 46 Rdn,mofldn ukn:inoro{auj oxx-'knudf,'l
Pephrme 709, {0 strcture :Iy Complex I"’,’*rbpﬂmciz; n—r.nrm::j?a
fornat co-o,—dmueboud; d nay 2y, B EDTA nd mlL'rl:: =
”“"'ﬂl‘tlndco'tuxmbmﬁwro!!!»lam;-,rrq-a:té(o—br@_gmkc
09 atopm Q’mpa.ndulhengfn with !D.rrbondsnuu:nc P-c?rxr'ri'ly
lrur 4 10d Sho-p p Mechany O{LPGLL}'T:'
ofldrmumeb,!emml ! Brol Cppmy 220 237 11935,
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TABLE XLIX

Plasma Iron and Iron binding Capaaty (IBC) During
Hemorrhagie Shock Pretreated with Dibenzyline

Time | DBlood . Ph(,;ﬂ,];/Fc (:;3%{ Saturstion
| i || ey | ey | O
0f0 120 | Neatral 9 190 34
0/30 65 — 116 158 42
1/0 52 | VEGH) | 112 150 4
1/30 42 — 116 137 46
4/3 25 VE(2+) 110 120 48

{Dog Na. tg.
Hglqw 304 136 )ng/hdﬁ)cuzyuneuhrhcfomupcum( Na pentobar

ethylenedammctetraacetate (EDTA) was found to accelerate thus
sction of morganic won and of ferntin won. Instead of tying up the
tron and reducing its catalytic activity, as we had expected EDTA
made 1t more effective 1n oxidizing epmephrine, We also learned that
the most active chelahing sgents 1 this respect were the ones which
contained the groups needed to form 6 co-o e bonds with the 1ron
.Lrhbc configurations of cytochrome ¢ and of chelating agents which have
S property of accelerating the action of iron m the oxidation of
cpinephaine, are illustrated 10 Figures 45 and 46 s compared to those
;’ch&+m tnactive in thus respect. Figure 46 shows the bonding of
o by tsopropylenediaminetetraacetate, which 1s as acttve as EDTA
h augmenting the catalytic actton of rron the middle compound 1s
C‘; active and the one on the right 1s inactive
ad should Iike to go on to our most recent worh which presents a
wh;m facet of this picture. About 21 years ago Peyton Rous (12)
ron i responsible for so many mteresting things showed that 1f
hmpartxclu were injected 10 an anmal and after a period of time the
foom ::’f I:{efﬁued the reticuloendothelial cells could be extracted
hel Perfusate by means of an eye magnet We thought this might
P tn the clanfication of the sttes of VDM (ferritin) formation and
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/ F { / //
NN
! N

FeEDTA Fe#~ Cytochrome C

Fiouee 45 Structural semubsety of mn:hplcxcs formed by cthylenediamune
tetraacetate (EDTA) and cytochrome ¢ with Fe+++ R ted, by permission,
from Green, S, Mazur A, and Shorr E. Mechanism of the catalytic oxida
tron of adrenaline by fermtin | Brol Chem 220, 237 (1956)

0
0---|]----- N 0---f----- N 0-~-|~--~~ N
i i i ! ! ]
/ \r /,’ / \r // K \r /,’
e ! 1 e ! ' e
1 ! ’
4 ! [
I’/ 1 ,'/ \ 1’ 1 / \ II
0-~-—1~—N O---—-l--~N (H0)-- -7~-0
{#:0) (H:0)
[sepropylene ~ N-hydroryethyl Hitrile
dismine fetracelate elbylenedamne trocdate

triacelate

Fiourr 46 Relaon of actimty as acceleratoe of c:xn:?nc onidstron of epl
nephnine by 1ron to structure of complex  Lsopropylencdiminctetraacctate can
furnish six co-ordinate bonds and 15 83 ctine 21 LDTA  Com) d in the middle
18 less actne and contains bt fise of the ux groups required for binding to the
won atom. Compound at the nght with four bonds 1s mutne Rr{v:nm! by
permisnon, from Green, S Marur A, and Shorr L Mechannm of the catalytn
oxidation of adrenaline by fernun. | Brol Clerm 220,237 (1937}
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TABLE XLIX

Plasma Iron and Iron binding Capaaty (IBC) Daring
Hemorrhagie Shock Pretreated with Dibenzyline

Blood Plasms Fe mg
(pg Fe/ | Saturshion
H’i‘/n:m Pressure | Rat Test 10(5%1 {0 (per cent)
(mm Hg) plasma) | plaema)
0/0 120 Neutral 96 190 34
0/30 65 — 116 158 42
1/0 52 VE(3+) 112 150 43
1/30 2 — 116 137 46
4/5 25 VE(2+) 110 120 J 48
&[;Iongm 304 m“kﬁ_)z mg/kg dibenryline 17 hr before experi Na pentobar

cthylenediaminetetraacetate (EDTA)  was found to accelerate this
action of worganic wron and of ferritin iron. Instead of tying up the
ton and reduang its catalytic achvity as we had expected EDTA
made 1t more effective 1 oxidizing epinephrine We also learned that
the most active chelating agents 1n this were the ones which
contamned the groups needed to form 6 co-0 te bonds with the won.
The configurations of cytochrome ¢ and of chelating agents which have
this property of accelerating the action of iron m the oxdation of
epinephrine, are dlustrated 1n Figures 45 and 46 as compared to those
which are inactive 1n this respect  Figure 46 shows the bonding of
Fe*** by isopropylenedamimnetetrancetate, which 1s a5 active as EDTA
in augmenting the catalytic actton of tron the middle compound 1s
less active and the one on the right 1s mactive

1 should like to go on to our most recent work which presents a
different facet of this picture. About 21 years ago Peyton Rous (12)
who 1 responsible for so many interesting things showed that if
tron particles were injected n an antmal, and after a period of time the
liver wwere perfused the reticuloendothelial cells could be extracted
from the perfusate by means of an eye magnet We thought this might
belp in the clanficatron of the sites of VDM (ferntin) formation and
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TABLE L
Effect of Hemorrhage on Releare of Iron Into the Plasma
Iron-bending Saturation of iron
Plasma Iron
Gapaaty bindin an
Dog (last sample) (last sample) (last ss.lmp'{?l‘c)
Per cent of the Ongmal Per Cent
Controls (died)
387 377 6 97
343 534 7 94
293 210 13 93
330 - 13 -
389 193 19 92
294 - 14 -
336 225 10 88
353 173 24 83
382+ 300 29 B0
Controls (survived)
362t 380 10 93
388 216 47 81
380 165 39 73
383 159 58 65
364 142 38 33
Dibenryline-treated (survived)

361 150 54 67
304 1s 63 8
301 - LS -
365 114 100 10
358 30 133 27
390 7 83 | 1%

Lint blond sarrple was bout an are hasal o the Lt sample amstyrnd
fmdnpnnrnnlhqmj hour bot died sobsequently
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inactivation Figure 47 A 15 2 photograph of a group of reticuloendo-
thelial (Kupffer) cells that have been so separated. Carbonyl tron with

le sizes of from 2 to 5 u was mjected mnto & rat  After about 48
bours the liver was taken out, through a garhc press, and then
sieved through stk (13) The filtrate was suspended i an elbumm
Runger hate medrum  The setsculoendothelial cells could then be
drawn down with 2 magnet the supernatant ymal cells decanted,
and after several repetitions the reticuloendothelial cells were enturely
separated from the parenchymal. These were still visble cells, they
breathed

Engel Can you get the tron out of the reticuloendothelial cells?

Shorr Yes if you homopgenize the cells but at present we use them
m this fashion Intact parenchymal cells which are without iron are
shown 1n Figure 47 C

Figure 48 shows that when the separated cells were incubated m
nitrogen VDM activity was found only with the reticuloendothelial
cells and not with the parenchymal cells

The reticuloendothelral cells which released the VDM anaerobically
could not mactivate 1t aerobically whereas the parenchymal cells which
did not release 1t, were able to mactivate 1t. This should be very helpful
10 the search for an enzyme system or systems responsible for activation
and activation

Fxrchgott Which of the of cells has the ferrttin to begin with?

Skorr Only the reticuloendothelial cells released VDM achvity

Parchgorr There 1s none 1n the parenchymal cells?

Shorr None that 1s measurable by the mesoappendrx test *

Fremons Smuth 1t 15 important to heep 1o mind the fact that the 1ron
that 15 put 1n 15 merely a method of separating the cells and that iron
plays no role in the ferritin

Shorr Carbonyl wron slone was neutral in the mesoappendix test.
These are the directions 1n which we are currently working

Burton. May I ash 1f fernitin 1s not ferromagnetic itself?

Shorr Yes but it would not be possible to pull it down with a
'mind there 15 not encugh actrvity  We tried, without success
*Results obtained subsequent to the meeting:  When Immuanochemical tests were applied to

wlution after h of the d ceils, conl to our

boss, the parenchymal el smp ormed # brownish peecipitate whth sati.
fermrtia serum, indraatung that it contained ferritn. Repeated mesappendix bio-assays of
y cells over a wide range of dilutions consistently were

when a Intle of the dlear t\xﬁcm.lﬂ!\l homaogenate of reticuloendothelial
cells rno(nddcd to the P““m‘,'"’m,‘l_‘f"-, V'D‘ { -:dm'z appeered oo anscrobions. Thus

amomt
Y was in itself withoat
;dhi"frrrlndxem test. Qur Lr\fnerxehu:nuhcpan:ndqmlmllllm
crritn which, remains ve even on anserobic incubation, unless ec
companied by a factoc or activator denved from the reticutomndothelsal cells.
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& munute amount were magneh, 1t would be possible for a radro-physics
man to make an apparatus which would show the mductance betw een
two couls 1f a slight magnetic permeability caused by the ferrous material
was present 1t should show up very well.

Skorr In the blood 1n severe shock the ferntin content probably
never nises above about 0002 g of ferntin N per ml  That would
give very little magnetic activity

Barton The method I am esting 15 enormously sensitive,

Sborr This 1s what we have working on just now and it s
obviously indicating many types of experiments which must be done.

Kmsely Have you published your method for separating the two
types of cells?

Shorr No but we have modified slightly the method of St. George,
Friedman, and Byers (13) whuch was based on Peyton Rous s 1dea (12)

Kmsely Their method gives an opportunity to separate all of the
known and as yet unkoown metabolic processes of Kupffer s cells from
hepatic parenchymal cells

Shorr As 1 sard we have done this only recently It has been an
exating development which has possibilities for investigation of iron
deposition and transport, etc. There are many expetiments to be done.

Engel 1 do not quite understand EDTA  In what 1s EDTA used?

Shorr We were studying the catalytic oxidation of epephnne to
adrenochrome by mnofganic wron and by ferntin 1ron We found that
chelation by ethylenedraminetetraacetate, EDTA, greatly accelerated
the reaction, instead of making the tron meffective as we had
This led to 2 study of other chelating agents and we found that onfy
those are active which, like cytochrome ¢ yield 2 structural arrangement
with tron simular to that of EDTA and wron  In enzymes which soceler
ate oxrdation the morganic metal 1on has been thought to be the tmpor
tant thing our studies pont to the importance also of the structural
arrangement

Engel In your opnron, would this eltmunate the possibiity of using
2 chelating agent to take out the 1ron that 13 1n the blood in shoch?

Shorr No since the effect we have noted, the acceleration of epineph-
rine oxidation by tron and EDTA s so far lunited to chelating
agents which form configurations similzr to that of EDTA with iron
Others may very well bind and activate tron without the accelerating
effect of EDTA

The significance of the EDTA acceleration lies tnstead, in the sugges
tion that normally occurning com, ds in the smooth muscle cell may
combine with won (from ferntin) to form extremely actne com-
plexes which would oxidze and snactrvate epinephrine  For example,



Protectron Agamst Shock by G D 131

251

we found that cytochrome ¢, a biochemically important iron-chelate,
could serve to oxidize epinephrine more actively than an equrvalent
amount of 1orgaaic 1ron.

1
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INFLUENCE OF HYPOTHERMIA
CHLORPROMAZINE

MICHAEL E DEBAKEY
Departmers of Swr,

Baylor Untwerstty College of Madicine

onston Texas

[ sHOULD LIKE to discuss same of our recent observations on the use of
hypotherma and chlorpromazine 1n experimental hemorrhagic shock
We were stimulated to do this work by the concept of the French
workers who have termed 1t artificial hibemation and who have made
rather broad clums for its value not only ta the experimental animal
but also clinically as & means of protection & the state of shoch
However signtficant this French work may be, it seemed to us it was
somewhat obscured by the polytherapy which they employed. It was
our thought that perhaps we might be able to obtain more precise
wformation if we applied the methods and agents that they used to
the preparation of experimental hemorthagic shock which 1s essen
tully similar to that described by Dr Fine. We had hed considerable
axperience in the laboratory with the application of aureomycin to
this form of shocl I do not wish to go into the detauls of this pro-
cedure, but 1t may be of value for me to describe briefly the technique
of the preparation
We used mongrel dogs, some of which must have had apparently
low levels of properdin None the less they were comparable animals
@ terms of the controls and they averaged about 145 hg 1n weight
They were bled via the femoral attery 1nto & reservotr arrangement
until the blood pressure reached a level of about 30 mm Hg Then
animal was allowed to remain at that level. As soon as there was
evidence that the compensation mechanism fatled blood was returned
0 the animal until 40 per cent of the total amount of blood removed

mitally had been retuned to the ammal this constituted the first
end point,

The second

it the end point came at the end of 8 hours of hypotension

lmlomeELHgLf'iOpcrccnthndnotbcmmtorcd In
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other words, this 13 essentully simular to the technrque Dr Fine has
described and which we had used previously We fc?:that we should
continue thts technique whether or not 1t had certain disadvantages,
because we had hagucomndcmble expertence with it, and with this
background of expenience we could evaluate better the experimental
procedures that were emploped.

There were five groups of expertmental antmals n addition to the
controls  One expeniment and a control were done at the same time,
ocasionally we would run two expenments simultancously with
one control

In one experimental group hypothermua alone was used This was
done by wrapping the anumal n'a rubberized blanket through which
cols of refrigerant solubon circulated DBy this means the rectal
temperature was reduced to 31°C. m approximately an hour The
experiment was then continued tn a manner essentially stmilar to
the procedure used 1n the control

Nrckerson Was the cooling carned out without anesthes?

De¢Bakey No In the previous experiments with the aurcomyan
treated dogs, we had used local anesthesia just a8 Dr Fme did But
because the cooling procedure produces shivering which we wished
to avoid, we used general anesthesia with morphine and phenobarbital
given intravenously

The second group of anmals was treated with chlorpromaxine
alone 1n dosages of 50 mg and 100 mg given mtramuscularly 1 to
2 hours before bleeding  The difference 50- and 100-mg
dosages as used here has no statistical signsficance, both beng large
doses for the dog A third group of anumals was treated with chlor
promazine alone 1 dosages of 5 mg A fourth group of anumals was
treated with the combined procedure of cooling plus chlorpromazine
at dosages of 50 mg and the fifth group with combined cooling plus
chlorpromazine 1n dosages of 5 mg In treating these groups every
thing else was kept constant and sumilar to the controls as far as
1t was possible to tell

Figure 49 shows that the control group had an immediate 24 hout
high mortality 96 per cent, a fairly constant figure among our controls
using this preparation. In our previous study using aurcomyein-
treated amumals the immediate mortality among the controls was
slightly less betng closer to 90 per cent It 1s important to remember
however that the general anesthesiz used mn the present expenments

resents another possible stresy factor

Tremont Smuth  To what extent did you cool the ammals?

DeBakey We cooled them to 31°C. Figure 49 shows that there
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Was an crease 1n the survival rate o all of the iments as com
pared with the control anumals We also repeated this expenment
wing exactly the same groups, and found that the oltmate survival
fate at the end of 2 weeks after the operation was also mcreased This
period was chosen because we felt that if at the end of 2 weeks the
anmal appeared to be petfectly normsl and restored, there was no
use 1o feeding 1t any longer
Figure 49 shows that there 15 2 fairly significant protection 1 terms
Ot survival rate with the use of chlorpromazine Cooling plus chlor
promazine gave the most significant and the highest surveval rate
#3s really quite striking because up until this tune we really

t‘u;lc:';‘: been able to affect the survival rate 1n thus preparation by
w—.\l:l our catlier studies with aureompan we felt that although there
@ slight increase, actually the sucvival rate was not signtficantly
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mcreased. We were beginnmng to feel that thus
was 2 highly fatal one and that very litle, if an;

hog &

of p aratton

daﬁ'ect

it, until we ran nto the phenomenon which 15 shown 1 Fxgure 49

TABLE LI
Experimental Hemorrhagic Shock
Tnuul Blood |  Time toReach LB["‘MMS‘
Pressure Maximom Bleeding Volume
mm Hg Volome mifg
Control 93 1he 518
Hypotherma 94 1hr 18 min 514
Chlorpromarnne
50 mg 80 3 hr 24 min 411
Chlorpromazine
5 mg 84 2hr24 min 521
Hypothermu
+
Chlorpromazine
r}:) mg 73 3hr 51 min 424
Hypothermz
+
Chlotpromazine
r}; mg 90 2hr 32 mun 335

R and Del M E
Repninted, by permuston, from Overton, o8 xu?djk;)‘n m

Agem.ton hemorrhagi shock. Aww Swrg 143 439 (1936)

mental observations on the mfluence of
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In addition to the evidence that agents, 1 ¢, cooling and chiorproma

zne, have a strikingly benefical effect 1n providing the antmals with

ter ability to tolerate this stress procedure, there are some additional
ﬁ‘; which suggest support of these benefical effects

Skorr Dr DcBakey, at what time did vou give the chlorpromazine
mn relation to the shock?

DeBakey Approximately an hour before

Fremont Smrth  How long did st take to cool the anumasls?

DeBakey About an hour

Fremont Smuth  So the chlorpromazine was guven shout 2 hours
before the lowered blood pressure?

DeBakey That 1s nght The cooltng took ebout an hour The
chlorpromazine was given an hour before that Then the animals were
bled That would average about 2 hours

Figure 50 shows the percentage of anumals 1n each group that
tolerated the hypotension for 8 hours when the 40 per cent end point
was reached It 1s evtdent from the figure that there 15 a high propor
tion of tolerance to hypotenston among the anumals treated by the
combined use of hypothermis and chlorpromazine.

Tigure $1 represents the average hypotensive time for each group
e the average duratton of hypotension mcluding the antmals that
were arbitranly termunated at 8 hours Here again there 1s a simular
arrangement 1n terms of the progressie increase i the tolerance of
the experimental ansmals to this hypotensive period s compared with
the controls

Fremont Smsth  The end pont 1s that pomt when 40 per cent of the
blood had been taken back by the animal?

DeBakey That 1s ught

Fremant Sitth 1t 1s the same thing loohed at from a different angle

DeBakey Exactly Table LI shows the it blood pressure in
these arumals the average time required to reach the maximum bléeding
volume before we started returning blood, and the maximum amount
of blood removed m m! per kg Here 1s evidence that we have
changed the expeniment by the use of chlorpromazine The controls
and the hypothermua are faurly comparable in terms of 1nital blood
pressure and tirne to reach the maximum bleeding volume as well as in
Maximum bleeding volume per kg There 15 not a great deal of
difference between the controls and the hypothermic anmals  We
really did not change the expetiment geeatly by applying sumple
hypothermua, by just reducing the body temperature to 31°C. How
cver when we applied chlorpromazine at dosage of 50 mg we made
asigmificant difference 1n terms of the time to reach maxtmum bleeding
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Figurr 30 Experimentsl hemorrhagic shocdk. Number of amumals tolerating
hy;r:ym:mahmr& Reprinted, by permusion, from Overton, R. C, and De
B M E. Expcnmenulobscmbommd)clnﬂumccoflypahﬂmnmd
autonomrc blocking agents on hemorrhagw shock. Aws Swrg 143 439 (1936)

volume In other words the animals tolerated the hypotension much
longer and the amount of blood removed was less so that in a sense,
we have altered the experiment we have introduced a factor which
changes the experiment and makes these antmals start off at a different
level than the controls They started with lower blood pressure then
bled more slowly and did not bleed out as much during the hypoten-
sive period 1 feel that this constitutes a significant factor i the results
obtained I would appreciate suggestions as to how we can ot ercome
the intioduction of another variable by the use of this agent
Nickerson Do you know how much chlorpromazine s rtcium:d to
produce significant adrenergic blockade under these conditions?
DeBakey No 1do not
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Nickerson The adrenergic blochade produced by this agent 1s ;l“'tc
variable under different circumstances but in some expenments doses
of 10mg /kg or less can be shown to have a significant effect

DeBakey It 15 very intetesting to note that among the ammals
receiving only 5 mg of chlorpromazine the maximum bleeding volume
®as essentially the same as the controls, but the time to reach maximum
bleeding volume was increased

Rmsely Dr DeBakey how many amimals are 1n each group?

DeBakey In the controls, there are 50 animals 1n the hypothermia
alone, 46 amimals 1 the 5 mg of chlorpromazine, 20 anmnals, 1n the
3 mg of chlorpromazine plus hypothermia group 14 anmals 1n the
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reduce the pressure  Our critenon of mantaning the ammal at a
certan level of arternal pressure 1s no longer 1n operation

Nickerson Your data on the different doses of chlorpromazine are
very sumilar to those with the adrenergic blodhng agents

DeBakey That 1s nght

Nickerson With small doses the bleeding volumes are essentially
equal to those of the controls, but with high doses the standard
pressure 15 maintamned with less bleeding

Baez We thunl. that depends to g great extent on the way the antmal
1s bled With a slow graded type of hemorrhage our dibenzyline
treated dogs and rats (23) shed equal or slightly larger amounts of
blood than thewr controls ‘and yet more of them survived.

Nickerson Rate of hleeding 1s important, but even with t;-cvur type
of bleeding, 1f you gave 50 mg /kg instead of 2 mg /hg of dibenzy
line, you would probably find that the bleeding volume was reduced
The hey expeniments 1n any of these sertes are the ones where a dosage
has been used which changes the survival rate without changing other
variables

DeBakey ‘That may well be the most significant feature of the

ent

Rappapors 1 should Like to ask about the control anymals Have
you seen such low blood pressure in other expenments with dogs?
I know from our experiments that dogs in pentobarbitz] anesthesia
usually have a blood pressure between 120 mm. Hg and 140 mm Hg

DeBakey These are average blood pressures for the controls

Fremont Smth Where are your blood pressures measured?

Rappaport In the femoral artery

Setkurs 1 wanted to ash the same poumt for the same reason, on 120
130 140 mm Hg

DeBakey We used 10 mg of morphine sulfate/hg and 15 mg
of pentobarbitel/hg  given intravenously

Rl/‘r[upari It mught be the morphine that 1s making the difference

Selkxrt Yes

Barton  The arteral pressure would be defintely lower with
morphine

Nickerson 1 think it 13 clear that the morphine 15 not nert Thus
applies also to Dr Fines experiments although he referred to the
morphinzed animals as "unanesthetmed  The dose of morphine per
kilogram of dog ts equal to the total average human dose

Dobson We found that morplune decreases lrver arculation con-
siderably too In regard to morphine we found that a dose of 3 to 6
mg /bg reduced the total Iner blood flow to about three fourths
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of normal Our method measures total hepatic flow and does not
distinguish between hepatic artery and portal vein flow

Tarchgort 1 sboul?nlﬂ.: to brng up one more pharmacologic
point in connection with chlorpromazine which might have a bearing on
your bleeding volumes Chlorpromazine when tested on cardiac muscle
preparations an ratro causes a shight depression of contractile force at
about one part 10 a million and a considerable depression at one part
mn a hundred thousand I believe that 50 mg /dog may be approach-
ing & mnge whete there 13 some small direct effect on the heart It
may not influence the final outcome adversely but 1t might account for
some of the reduction 1n bleeding volume

DeBakey Yes that could be

Green Did I understand that your chlorpromazine ammals have
a degree or two lower temperature than the controls?

DeBakey Yes

Green  Did you attempt to control their temperatures by covermng
the ammals?

DeBakey No

Green Even a degree or two of temperature might make a striking
difference 10 survival rates

DeBakey Yes that 1s certamly true  That has occurred to us, and
we are gowng to try to chedh for it We will try to heep the body
temperature the same

Green Did you pair your control and chlorpromazine arumals and
use patred animals at the same tempemture?

DeBakey Yes  All we do 15 apply body warmth to the anmmal

Green From your present data could you pich out pars of amumals?

DeBakey 1 should think that would be a dangerous thing to do
1 should not want to rely on data of that hind 1 doubt that we could
paur them that way because they all show ed slightly Jow er temperatures
When chlorpromazine was given to an animal m 2 dosage as large s
50 mg the temperature was reduced on the average of one degree and
up to as much as two degrees i some instances  However the 5-mg
dosage tended not to lower temperature  The only way we can control
that, of course would be to 2pply warmth to the animal and keep the
body temperature up We did not do that but 1t may be a worth while
procedure

Nickerson Was there no fall i the body temperature of the control
animals at your somewhat high room temperatures

DeBakey Very slight

Nickerson At an ambtent temperature of about 70 F there may be
a significant fall
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per cent mortality 'We then planned to apply hypothermia to these
anumals but realized that n order to do so we had to use anesthesia
For this reason 1t was necessary to determune the effect of anesthesia
upon infectton  Accordingly two additronal groups of antmals were
studied, one 1n which anesthesta and hypothermia were employed with
out mfection and one 1n which anesthesia plus infection was used The
mortality in the former was 10 per cent and 1n the latter 30 per cent
Thus 15 to be compared with the control anumals 1n which only infectson
was used with 2 mortality of 10 per cent Thus the addiion of
anesthesia increased the mortality from infection from 10 per cent to
30 per cent. In still another group of infected animals hypothermua
was used anesthesta was of course also used n these antmals and the
mortality was 50 per cent It 1s thus apparent that the additron of
anesthesia (barbiturate) increases the stress in these ammals and ad
versely affects the infection

Moe What 1s the mechanism of death n the antmals that died of
hypothermia alone?

DeBakey They varied somewhat Most of them died of cardiac
arrhythmuas and fibnillation.

Moe Dunng hypothermta?

DeBakey Yes

Moe  Not during the wnmfme’

DeBakey Sometimes during the warm phase, but before they reached
the normal body temperature.

Farchgott Did you ever run into this type of death with chlorpro-
mazine plus cooling?

DeBakey It would be hard to say We had an occastonal desth
but we felt tn some nstances 1t was probably a technkal error of one
Lind or other that 1s that the cooling was done too quickly and that
we precipttated the occutrence of fibnllaton It did not occur once the

riment was under way

Tarchgort The reason for my question ts that certain workers, -
cluding some of our medical students have shown chlorpromanne to
be an excellent antagonist agawnst arrythmias caused by epmnephrine
or by cpmephrmcflus chloroform or petroleum cther 1 would there
fore suspect that deaths caused by fibullation would not be nearly so
frequent 1n dogs treated with chlorpromazine .

DeBakey No it really did not occur in any significant degree We
disregarded its occurrence

Nickerson The problem of arrhythmias durng body cooling 15
rather complex Below your temperature range where the archythmuas
become the primary cause of death adrenergic factors do not appear to
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neasure ceased. Then all of these functions seemed to come back
1gain

Engel Was the cooling rapid or slow?

Fremont Smsth Quite rapid. Another thing that was very interesting
vas that rats which had learned to run a maze and which were super
ooled and then rewarmed, still remembered the maze. It was only
he rats that had a very brief cooling that had = memory Joss which 1s
nteresting because again 1t 1s usually most recent memortes the ones
hat have resided the shortest ime 1n the central nervous system that
re the most vulnerable. Thus seems to be a general law as far as |
an mahe out

Hats This was rapid cooling 1n a certain sense only It was not
apid a3 compared to cooling with Liquid ar

Fremont Smnth  Quite night the temperatures were lowered 1n 3 or 4
1ours

Baer. They begin the cooling expenment by plaang the rat or
uinea pig 1n a covered beaker 1n a refrigerator  After 2 certain time
he amal s unconsaous and quite cool Then they proceed with
urther cooling

Dobson This precooling 1n the sce box 1 believe was not necessary
rith the hamsters and the natural hibernators

Bsrton 1t 15 beng found that 1s 13 not necessary in any of the
mmals

Fremont Smth It was just the way the experiment happened to get
tarted The hamsters can warm themselves up by shivering  the rats
ave to be brought up to and hept at normal body temperature for
4 or 48 hours before they regain their temperature control

Barton  To me the most remarkable thing in that conference was
he evidence that Dr Andjus had of 2 glologc adaptation He
rould cool the rats repeatedly and after they had been through this
rocedure once the second tme they were much more resistant and
1e third time even more so

Fremont Smth  You mean they tolerated the cold better?

Barton Yes This was really a remarkable thing that he could
ain them so that they stood the cooling very easily indeed

Dobson  Just like drum shock

Shorr Dr DeBakey have you any tdea how chlorpromazine brings
bout such high protectson n shock?

DeBakey 1 really do not have amy good tdeas as to how 1t operalcs,
at 1 am inclined to belicve that 1t does so at least 1n these animals

am not prepared to go beyond what we have observed and apply 1t
, humans  As far as the anumals are concerned 1 am mclined to
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DeBakey No 1 do not thiok so

Barton Would you say he has a larger blood volume for a longer
time? The final bleeding volume may be the same  He had that extra
blood volume a Little longer

DeBakey He Leeps the extra blood volume a longer pertod of time

Neckerson 1 do not think that 1s quite correct Dr Burton The
slides shown indicated two differences between the control anumals and
those given the lower dose of chlorpromazine One difference 15 that
1t took the treated dogs longer to reach their maximal bleeding How
ever the total time for reinfusion appeared to be increased as much as
the length of time to mawimal bleeding The dogs treated with the
chlorpromazine were at therr munimal blood volume for as long as
the controls It appeared to me that the two factors essentully bal
anced each other

Burton You mught try heating and ventilating people who describe
the chimate 1n terms of the hours below a certun level, 1.0 as the
product of the days times the deficat of temperature below that level
In other words you mught try analyzing these data 1n terms of milliiters
deficit of blood volume, times hours or times mtnutes, and sce if this
was a factor which correlated with the survival

Nrckerson  Dr DeBaley actually has presented such data, although
he has not calculated the units  Gross mspection of his figures indicates
Inttle dufference 1n the two groups However we might say that the
treated dogs have been subjected to less stress simply on the basis of
the fact that they survived.

Green There 13 less stress 1n terms of blood volume removed bat
more stress in terms of hours

Fremont Smuth  He has not defined the stress

Nirckerson 1 should like to suggest the nature of this reduced stress
The stress 15 not less 1n terms of the amount of blood removed or the
duration of hypovolemia The difference 1n the stress to the organs of
the treated and control animals 1s related to the way mn which the
residual blood 13 circulating I should like to suggest that the chlor
promazine has reduced vasoconstriction in the treated arumals and
that their organs are subjected to less stress because the restdual blood
1s arculating more effectrvely

Dobson I think that 1s very important

Komisely 1 wanted to say the same thing o a different way You
talhed about the arterial pressure, but two other factors mx];:ht also
be nteresting  One 1s the cardiac output and the other s total oxypen

consumption
Baez. 1 should like to interject the following informatrion which
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might have a bearing on the pomt under discussion A single injection
before the experiment, of 50 mg of chlorpromazine {contained 1n the

Iytic cocktail ) has been reported (8) to give significant protectton
10 anesthetized dogs agawnst a different kind of shock, that cansed by
drum trauma

Nickerson It 1s reasonable to s late, 1n connection with Dr
Knusely s comment, that both the cardiac output and the oxygen utiliza
tion would be better 1n the treated than 1n the control anumals Both of
these are mcreased by adrenergic blockade even when the amount of
hemorrhage 13 the same as i the controls

Selknrs Invital organs, especially the heart, brain liver and kidney,
there 1s the possibility of shunting so that the same carduc output or
blood volume could be more effectrvely used where 1t ought to be used
From the standpont of acute need, we might leave out the kidney and
say that brain, heart and liver probably are the more important organs

Remmgton  You still will not put muscle 1o the list of important
otgans?

Sefkart  Dusing shock the animal would largely cease using sts
sheletal muscle which would not be as important as the organs dealing
with vital metabolic phenomena

Shorr 1 should leave 1n the kidney

Nickerson Pethaps Dr Selkurt s list plus some rather preliminary
work done with Dr Lloyd Beck at the University of Michugan will teil
us more exactly what organ 1s nvolved in the development of irreverst
bility Our preliminary results suggest that the brain and heart are
relatrvely ummportant  In these ex ents a catheter was passed
down the aorta, and 2 balloon on the end of it nflated so that the
antenor iart of the ansmal remaed normotensive while the postertor
part was bled to & pressure of from 40 mm Hgto 45 mm. Hg Irrevers
ible shock appeared to develop 1n essentially the same way when only
the Tostermr past of the animal was hypotensive as 1t did when the
whole anmal was mvolved

DeBakey In that connection we made some observations on human
beings that may have some interest to the group 1n connectron with the
biood flow and the tolerance of particularly the liver and the hadney
relative 1o 1schemia. In certamn types of condittons such as ancurysms
mnvolving the thoraco-abdomunal ‘sorta we now have pesformed four
operations for resection and homograft replacement of the involved
segment of the abdomunal aorta This segment includes the branches
of the celiac artery wich of course gives nse o the hepatic and splenic
asteries the superior mesenteric artery and both renal arteries In
performung this procedure 1t was necessary to occlude the aorta above
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and below the ancurysm and temporanly arrest circulation through these
major abdominal visceral branches During period of occlusion blood
flow was arrested for example, for well over an hour in the celic
axis so that the liver and kidneys were deprived of blood for about
an hour The superior mesenteric artery which of course supplies the
tatestinal tract, was occluded for anywhere from approximately 50
munutes to an hour and a half The kidneys were deprived of blood
for a peniod ranging up to 33 minutes  Lnver and renal function studies
were done on these patients before and after operation. As far as the
gut 1s concerned it appears to be able to tolerate this pertod of 1schemia
without any difficulty because all these patients had complete restora
tion of gastrotntestinal function

The liver function studies which were very gross but whih never
theless are the function studres usually done cliucally showed no
significant changes There was some depression early but in time
apparently none.

The most sigruficant effect occurred on the kedneys  Thes effect was
one of depression 1n total urine production to as little as 2 and 3 ml
/hour for peniods ranging up to 3 or 4 days but never true anuna
The unne flow gradually rose over 2 period of several days and returned
to normal within a period of 2 week  But glomerular filtration rate and
related hidney function studies indicated that hidney function was
marhedly depressed so that the kidney was virtually putting out only
water for the first weeh. Following this there was a gradual restoration
and within 2 weeks the hidney function had retumned to better than 50
per cent of normal

Selkart 1 mussed whether these were hypothermic or normothermic

DeBakey Three were nomothermic one hypothermic

Shorr  Were they treated with antibiotcs?

DeBakey Pentaillin and streptomyan, and subsequently in the post
operative penod we added acromycin

Shorr ‘Then possibly some protectine effects may have been exerted
by the antibiotics

DeBakey Yes

Fremont Smuth  Was there any drop 1n blood pressure when you
allowed the arculatron to retumn through the hiver?

DeBakey There was a moderate drop

Tremont Smuth  That 1s what would be anticipated

Selbart We found a marked drop in artenal pressure ugon restoring
flow after about 2 hours of 1schema of the Iner in the dog

Shorr Dr Sellurt 1 have been wondening why none of the surgeons
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has followed your procedure of an external circuit for the portal flow
(92 to protect the gut. Would thet be too damaging?
elknrt Dont they perform an Eck fistula to permit venous drain

age of the intestine?

Shorr Do you create an Eck fistula?

DeBakey In the patient I described, no

Shorr  Pethaps some of the difficulties from nterrupted blood flow
could be overcome by Dr Selkurt s procedure.

Selkart His situstion 1s different He closes off the arterial inflow
50 that an Eck fistula 1s not so important here.

Fremont Smuth  Dr DeBahey your experiment with the kidneys s
» bit surprsing  If T understand n some of the experments the kid
neys were badly hurt after periods as short as balf an hour

Selkurt Actually 1t takes an hour or two to impatr them serously,
with recovery tahing several weeks

Fremont Smuth This 1s a little fast as if these kidneys mught be
vulnerable to some other factor

Shorr  Are these older people?

DeBakey Yes 1n the netghborhood of 50 to 60 years of age

Shorr They may have started out with reduced kidney reserves

Nickersor In evaluating the vulnerability of different organs, it 1s
umportant to keep 1n mind the varable reliability of our tests for dys-
function For example, we have quite good tests to detect changes 1n
kidney function, but we have no way of determining any but the
grossest changes in the intestinal tract

DeBakey Youare certainly right about that The only test 1s & purely
clinical one in the sense that these patients will have what we call fleus
for a period of anywhere from 4 to 6 days Then bowe! sounds return
and the gastromtestinzl function seems to return  The patients are
then able to tolertte food and to have bowel movements

Dobson There 13 a great tendency at least chiucally to evaluate
carculatory function by means of blood pressure because this 1s the most
commonly measured parameter except for pulse rate When questioned,
few will admut that they were thinking of pressure as mndicative of
flow but nevertheless subconscrously most people do think about 1t as
flow This concept can be senously musleading as in the case of burns
where normal blood pressures may go hand in hand with blood flows
(cardiac outputs) as low as 15 per cent of normel Thus normal

lood pressure cannot be taken to indicate 1n any way that a burned
fatxmt 18 not mn severe crrculatory distress or  shock  The dog at
east, 13 1 severe arculatory trouble within 3 munutes after a burn yet
his blood pressure may stay perfectly normal for many hours
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Rappaport I understand that removal of the section of the zorta
was done for aneurysm.

DeBakey Yes

Rappaport  What amount of collaters] arculatron reached these
organs during the 2 hours of the operation? This may have been the
most important factor With the slow obstruction of the normal blood
supply by the aneurysm there probably developed a collateral crrcula
tion to the liver and gut When you clamped off the aotta, the pres-
sure above the clamp was raised and more blood was supplied to the
collateral vessels

DeBakey That 1s a very definite possibility and we pornted out that
possibility 10 & previous publication (10)  Such collateral arculation s
very difficult to mezsure i the human Al we koow 15 that when we

the vessels there was a healthy flow through them in the normal
direction. It was interesting however to observe that when we had
restored continuity at the end of the operation, there was a small degree
of retrograde flow from the celiac axis, which indicated that there was
some collateral flow to the organs supplied by this artery However
there was no retrograde flow from the kidneys

Rappaport In the changeover to the graft, did you still see some
pulsation 1n the distal stumps of the transsected vessels?

DeBakey No no pulsatile flow

Dobson What possibility 1s there of getting retrograde flow back
through the liver from the vena cava® You can certainly perfuse the
organ this way I wonder if that 1s not a possible mechanism when
the pressure in the splanchruc area 1s almost completely eltmunated

DeBakey 1 should think 1t an unlikely amount

Selkurt It must be mighty low

DeBakey The pressure 1s very low

Selkwrt In the infersor vena cava it 1s only a couple mm Hg

Dobson Perhaps it does not take very much

DeBakey However 1if there were a constderable number of adhesions
to the spleen there mught be considerable collateral flow to the
spleen and therefore to the portal vein.

Dobson  When a large vein 1n the abdommnal cavity 15 severed or
opened up there 13 essentially no pressure operating against the hepatic
vem pressure  There 15 not very much pressure pushing blood through
the liver in the first place since the portal vein and hepatic vein pres-
sures differ very little

Selkort In the dog the vanation 15 about 7 to 8 mm. Hg

Dobson  And in the hepatic ven?
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Selknrt Iti1s 2 mm Hgor3 mm Hg

Dobson If the portal pressure were lowered to zero the reverse
pressure gradient would amount to 30 per cent of the normal forward
gradient pressure. Suppose this mduced a retrograde flow amounting
to 30 per cent of normal flow that would be quite an amount of liver
flow It 1s more than ts obtaned i a shocked antmal

Rappaport In the last few years we have been interested m the
effect of 1schemu on the liver * a central problem also 1n hemorchagic
shock The tschemia we have been produang 1s much more severe
than that scen after acute loss of blood and 15 assoctated with
parenchymal damage

In our preparation we perform an Ech fistula on dogs Then 30
hours later we ligate the common hepatic artery (Figure 52) In this
way we produce an scute hemorrhagic necrosis for the purpose of
brnging about expertmentally the phenomena of acute hepatic coma.

Selksrr Isnt there a branch that runs from the common hepatic
artery to the pancreas duodenum, and lower stomach?

Rappaport Yes we ligate only the common hepatic artery We
utentionally leave the other branches intact. During the 30-hour
period after the Ecl. fistula formation, the common hepatic artery and
all its branches dilate, because of the increase of artenal flow to the
liver  After higation of the common hepatic artery at the end of the
bove period, the dilated arterial branches become potential collateral
pathways which may increase in digmeter Jater on In a certain per
centage of dogs the hepatic necrosis that follows the ligattan of the
hepatic artery regresses and, at the same time, the clinical phenomena of
coma that develop with the acute necrosts disappear (11)

Depriving the liver of blood has its counterpart 1n pathologic cond:
tions 1n human subjects  quite frequently in the arrhotic patient the
onset of coma 1s observed after severe gastrotntestinal bleeding At
utopsy acute necrosts in the liver s found A recent study from the
Mayo Clinic by Dr H Butt and assocuates (12) 1s very interesting
In the great majonty of therr fifty two patients that died of acute
hepatic coma recent necrosis and 1schemia of the liver were found at
autopsy

Like other investigators of the therapeutic role of increased blood
flow to the liver 1n hemorrhagic shock we were interested to see
whether an increase of the hepatic circulation could modify the func
tion of a liver severely damaged by 1schemia  Vessels ligated for about
18 to 48 hours can no longer supply the blood after removal of their

*This work has been
Diosros; 3 supported by Grant 323 of the Defence Research Board Project
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ligatures Wee thought on the other hand  that cross-arculation of the
ischemic Liver with & normal dog would supply not only the blood but
uiso the actrvity of the normal liver wouk{J tshe care of both dogs
the donor and the recpient We tumned, therefore to the perfusion
of the necrotic liver m sus with blood from the dogs own vascular
system A strip of motion picture was made to sllustrate the method of
autoperfusion of the Liver

1n the dog shown sn the film, an Eck fistula had been established 24
hours previously A polycthylene tube filled with heparin was now
introduced 1nto the stem of the portal vein above 1ts ligature, 1 2, above
the portacaval anastomosts the cannula lay 1n the portal stem and
potnted toward the lrver The mferior cava was shown running toward
the undersurface of the liver the liguted common hepabic artery was
also shown. The polyethylene cannula was passed through the mesen
tery of the duodenom, # free mesentery 1n the dog through the eptploon,
and was brought out through a stab wound of the abdominal wall
The cannulz was loose n the abdomingl cavity so as not to constrict
any intestinal Joops

It was fastened to the abdomunal wall and remained so for 18
hours During this ttme a widespread hemorrhagic necrosts of the
liver developed. Then 18 hours later the cannula was connected to an
extracorporeal circwtt that was drven by a small pump with positive
action valves The extracorporeal circutt started in the femoral artery
passed through the small pump and was connected via the portal
cannula to the portal vein

The left femoral astery was cannulated and connected to 2 manom
eter for a continuous recording of the blood pressure  The motor was
switched on and blood was drven 10 a regulated pulsatile flow into the
portal cannula and the liver The arterial autoperfusion was carried
out on the anesthetized dog Sometimes instead of perfusing the
liver with arternal blood we perfused it with blood from the inferior
vens cava via the cannulated femoral vemn and diac vein.

The 1 view of the expeniment showed open ether administra
tion and continuous glucose infusion to replace the nussing functton of
glucose formation of the liver The glucose solutton dripped into the
ugular vern.

Selkart Do you have an 1dea of the vol flow tn
Lhusyxttm’ yo ume per mtnute 1n

Rappaport  Yes we know exactly It was possible to see the con
tnwous blood pressure recording and the small pump which was simple
and easy to stertlize. The latter consisted of a straight tube that was
compressed by the jaws. When the two metal jaws compressed the
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tube, the upper valve opened and blood was propelled into the
cannula When the jaws released and the tube widened to its normal
diameter blood was drawn from the femoral artery into the chamber
By setting the jaws we could accommodate more or less blood by
using a larger tube, we could have a greater stroke volume. We
usually perfused the animal s liver with a volume flow ranging between
70 and 80 ml /min This 15 because a 10-hg dog has about 250
gm of Inver 50 per cent or two-thirds of 1t had been destroyed by
necrosts 5o only one-third could benefit With this amount of perfu
ston we were completely satisfied and avorded upsetting the arculatory
dynamics

The fact that there were lestons 1n liver and kidney before perfusion
(Figure 53) might be interesting to this group We saw 1n the autopsy
specimens g severe congestion which may indicate faulty tnactnation
of VD M. The large engorged capillanies are evident in the cortico-
medullary zone of the kidney (Figure 54) and n the lung (Figure
55) Even when there was a drop 1n blood pressure at the start
of the perfuston (partial embolism) the pump was still able to
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FiGURE 33 Severe congestion of Irver and kidacy m ¢ dog with acute hepatic

1 The tic srmusords (left) are engorged with erythrogytes. The aml
{:;::rcof thch::I medalla (nght) are widened and filled with erthrocytes

(hematoxyhin-cosin, x180)
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FiGURE 54 Severe congestion of the rensl cortico-med z00¢ 10 2 dog with

acute hepatic farlure, vasa recta are engorged wth blood (hematoxylin
conn, x20, 1nset x300)

maintamn the blood pressure in such a severely 1l anumal for 6 hours
and at the end of the perfusion the pressure was still about 110 mm
Hg (Figure 56)

Shorr What was the blood pressure before the pump was put nto
action?

Rappaport Usually 1n our dogs 1t 15 120 mm Hg

Shorr  And after the Liver damage?

Rappapors  Around 120 mm Hg in some cases between 110 mm
Hg and 120 mm Hg

All the ammals that were anesthetized with sodum pentothal
required additional dosages of the drug While the injection of half
the anesthetic dose (15 mg /hg body weight) gives an unduly
prolonged anesthesia and often may kill a dog suffering from acute
ischemic necrosts n the dogs that were sutoperfused, ndiuarml doses
of barbiturates had to be gnen regularly a total range of from 30 to
300 mg during the 6 hours of autoperfusion We therefore decrded
to imestigate autoperfusion

With Dr Hiraki and Dr Rosenfeld wc determned the plasma levels
of sodum pentothal by the method of Juler and Goldbaum (13)
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FiGURE 33 Severe congestion of lung in a dog that died of acute lver failure
The alveolsr septz are splinted with efythrocytes (hematoxylin-cosin, x300)

In a previous series we had injected 15 mg /hg body weight and
had determined the plasma levels at 5 and 10 munutes and at 1 2 3 4
5 6 and 24 hours In the normal dog the pentothal level was dropped
considerably at 3 hours n the dogs with wmsufficiency of the liver the
level 15 significantly higher (Figure 57)

To facilitate the companson of plasma sodium pentotha! levels 1n
the groups of anumals the plasma concentrations of the drug were
expressed as the per cent of the il value taking as 100 per cent
the plasma level 5 munutes after the injection

In our expeniments with the autoperfused dogs we dectded to watch
the 3 hour value because of its significance n the previous imestiga
tions As Table LII shows normal nonperfused dogs injected with
thiopental sodium, 30 mg/kg body weght had on the average
42 per cent of the utal value at 3 hours  When perfused with artenal
blood the plasma level dropped to 29 per cent  An Ech fistula dog had
at 3 hours, 42 per cent of the mnittal value  After perfuston 1t dropped
to 26 per cent  Dogs with an Eck fistula and ligation of the common
hepatc artery mn two stages and not perfused had 48 per cent at
3 hours After perfusion with artenal blood the level 36 s higher
than after perfusion with venous blood 32 per cent (Table L)
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FIGURE 36 Au on of the Liver recording of blood pressure dunng 6

hours. In spite of the drop 1n pressure cnsed by partial emboluzation of the
Irver the pressure, 14 hours after resumption of the sutoperfusion had rsen
to about 110 mm. Hg

From the percentage differences 1t 1s evident that there 1s a definite
increase (n pentothal detoxicatron i all dogs 1n which the hepatic blood
flow has been augmented by autoperfusion This effect may be caused
by the fact that more pentothal 15 delivered per minute to the Liver for
detoxication and hence more 15 detoxica 1t 1s glso possible that
the surviving islets of the hepatic perenchyma around the termunal
afferent vessels se  the cores of the hepatic acini 1mprove their func
tion with the better blood supply

Figure 58 shows the pomaf field with the core of the surviving
aanus and two central veins both at the periphery of the acius
The cores correspond to the arculatory Zone 1 1n the hepatic actnus and
are the sites where the hepatic arterioles empty nto the sinusoids

Figure 59 shows how the arculatory zones are arranged concentrically
around the terminal branch of the afferent vessel, and not around the
central vemn or the portal field While Zone 1 has the best chance to
get blood rich 1n oxygen and nutrients Zone 2 has fewer chances than
Zone 1 and Zone 3 15 disadvantaged not only with regard to its parent
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FiGURE 57 Thiopental sodium levels in the blood of seven normal dogs (closed
ardes) and eight dogs wrth liver mnsufficrercy (open arcles) after the injection
of 15 mg of thiopental sodium / kg of body weight. Vertial bars indwcate
standard errors of the mean  Repnnted by permosion, from Rappaport, A M,
Hiraks, G Y, Rosenfeld, B Cowan, C. R, and Lang, | Effect of autoperfuson
of the liver on detoxication of thropental sodwm. Am [ Pbysrol 186, 193
(1956)

vessel but also with regard to the afferent vessel of the adjacent acinus
which s a possible collateral It 15 as distant from the one as from the
other Therefore the damage that 1s usually described as pericentral
15 1n fact not pencentral  As we have scen 10 Tigure 59 1t outlines an
area that starts from the portal field extends to one central vein tumns
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TABLE LII

Average 3 Hour Plasma Sodinm Pentothal Levels Expressed
As Per Cent of 5-Mumnute Levels

Nonperfused Perfused
(per cent) (per cent)
Acterul Venous
Normal Av (No) 42 (4) 29 {4)
Range (28t059) | (19to38)
Ed fistula  Av (No) 42 (3) 26 (4)
(EF)  Range (17073) | (13t039)
EF + Av (No)| 48(3) 36 (7) 32.3 (4)
Lig Range (35to64) | (25t052) | (17t047)
Common
Hepatre
Actery

amund to the other central vem, and comes back to the mmtial portal
field. It represents the outer lumut of the cross section of an acmnar umt

The hexagonal field shown in Figure 60 13 composed of several parts
of such acinar units and in such a section might be found not only
parts of acny, the axes of which are 1 the plane of the section but also
ps of acim that lie above or below this section. So 1t 15 umportant to
reslize that what 15 seen 1n a hexagonal field 1s far from betng a umiform
mass I qust an assoctation of different parts of undts belonging to
different acins that lie all esther i the fild of the section or n.g)vc or
belon  Atrention shoutd always be focused on the afferent vessels
The areas around them are umportant as the sites of entry of nutrients
nd oxygen they are also the region of the radicles of the bihary
dpstem. Here too, ascending tnfectrons and all the troubles of the



282 Shock and Cisewdatory Hosmeostasss

v

ot V-';I ” APy
f‘/'}--..i," ~ k)
P

)’ {0
13

A

) vﬁi’-‘?f’" {3t RLilegs
Fioure 58, Tschemnic necrases of 8 dog's Iever nduced by higation of the com
moa bepatic artery 30 hours after the formation of an fistulh The axul
afferent vessels of the surviviag acinar cote branch out from a smalf portal ficld
(left upper corner)  The necrote tissue occupees Zone 3 and part of Zooe 2 of
an hepate scnus. 1t begias around the central vewn and breaks through the tp
of Zooe 3 wnto the adjacent hexsgoaa! field where 1t yoms the pericentral necrotic
arex The central vein of adjscont hexagonal felds are thus Jinked by 2 band
of necrote twsue (Wilson s ORO stain x3%)

biliary obstructson will first become apparent  This 1s the dynamic
zone the actrity of which should be kept mn mind

Figure 61 shows an hepatic sinus in a2 human liver  The liver was
1njected wsth fndiz wak, and cut just paralle} to the terminal branch of
the portal vein  The acinal structure can be seen extending from the
periphery of the acinus of one central 1ein ta that of the other central
vein.

FEach acinus 15 0 fact part of a more complex structure (Figure 62
We define the complex acinus  (14) as the amouat of tissue that 1
arranged atound 2 trio of prererminal chanaels which dnde into therr
termnal branches ndwcated 1n this figure by 1—4 Al the small
clumps of parenchyma each of them acound a trio of fermindd chanacls
form together the complex 2cinus  In Figure 62 the unity of

renchyma was disrupted by a muld sschemic necross induced at the
arculatory periphery of the acmt India mk was injected through the
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BRI ety

Fioure 59 Circulatory zones m the hepatic acnus, The lver 2cious occupres
adjcent sectots of neighboring bexagona! helds P.S. = partal space C.V =
central vein Zoaes § 2, and 3 respectinvely represent areas supplied with blood
of first, second, and thied quality wath regard to oxygen and autrients  These
zonies center ahout the termumal afferent vascular branches and extend wnto the
portal keld from which these branches ongmate Zones 1 2 and 3 designate
m:é’undmgumm.pommofma Jacent sgaanar unit In Zooc 1 and 1
the aflesent vascular thIgs Cmphy 1nito the siousords. The arcles A B, and C
delimut concentne bands of hepatic parenchpma around a small portal hield  They
muth the Corculatory zones in decreasing order of nutrients snd cxygen content
Bliﬂmtdmthenhn:calcﬂftfgo::‘hcngmﬂ}obulaR n by permius-
wn.meapp:pmt,thL 7&] Lougheed M., and Lotto
W N Subdiwision of hexagonal liver lobules mto & structural and functional
umt ke in hepate. physiology and pathology  Anzt Rec 119 11 (1934)
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Figurr 60 The human bver acin o the hexapoaal field Irr r cf of
tissue (sam}) m one hexagonal field with ccnrngln::n (CV) .ﬁ?miﬂrﬂm
axial vessels branch out from three small portal spaces (PS, PS,, PS;) in the
comnets of an hexagonal beld  The cut tip of an anous 13 also visible abone the
ceatral vemn (India mk wjected, 100 x thick, cleared section x110)

portal sein in oeder to outhine the termmat afferent vessels and sinusords
of the surviving parenchymal <lumps  These are represented as if they
had been peeled out of their necrotic outsharts. The amount of necrosis
induced can be judged by the three shehves the remnants of pecrots
tissue that surrounded the central vens and molved the arculatory
peniphery of the acum

But we can go hugher as i the human liner shown in Figure 63
This 15 injected with Indiz ik through the posta) vem and 1t s found
that the complex actnus 15 a part of an acinar agglomerate A pretermt
nal branch s shonn the clump of ussue around « representing 4 com
plex acinus  white the whole structute 15 an  aunar sgglomenate
Shight damage maght appeac first around the entire structure but later
when the injury has increased @@ will appear at the unlatory periph
ery of the smaller structural units formmg the agglomerate

Tigure 64 shows 2 dog s Iner with induced severe ischemia - Tschemic
necrosss evolving in this field has broken down the tiswe into ity aonar
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FiGURE 61 Hurnan lver actnus. The acious occupies sectors only of two adjacent
hexagonal fields and reaches their central vens (CV) The axnl terminal portal
branch of the structural unit 1s injected with India 1nk and runs perpendscularly
to the two (central) vemns with which 1t wterdigitates. It 1s shown by &
cut parallel with elmost its entire leagth. The central veins Lie dose to each

n section (thick cleared sectton  x300)  Repanted by permussion, from
Rappaport, A. M Anatomic considerations. Diseasss of the liwer 1. Schuff
Editor Philadelphus, ] B Lippincott Co,, 1936

constituents The large branch and the parenchyma arranged around
1t and 1ts branches constitute an scinar agglomerate.

Each acinar agglomerate 1s part of another agglomerate of higher
order and a number of these may form a small liver lobe 10 animals
with @ multilobular liver  In the human liver the order of the agglomer
ates follows closely the magmtude of the efferent biliary and afferent
vascular branches upon which they are oriented

Figure 65 15 2 semu schematic drawmg showing the hepatic vascular
architecture  We have represented this prece of ivcr as if we had cut
out g cunetform part to demonstrate the longitudinal aspect of a small
portal space with its component structures For sumplification  only
terminal portal venules branching out from the portal vem n this
space are drawn  The blood coming up 1n the portal and arterial vessels
supplies the hepatic unuts of mmr hexagonal fields The arcuate
course of the termunate vessels which form the axes of the irregularly
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Ficure 62 Complex liver sanus. Tridmenstonal reconstruction after 130 senal
sections, each 3u thick This complex actnus lres beneath the hepatie capsule.
HA. PV, and BD = hepatic artery portal vein and bibe duct forming to-
gether the axis of the complex acinus and running icular to the central
ves (CV CV and CV F AX, AX; AX,, and AX, = the tnos of termunal
branches of HLA., PV, and BD each of them forming the axis of a correspond
mﬁ simple aanus (1 2 3 4) AX, and AX; counse dicular to CV
AX; lies perpendicular to CV and CV AX, runs obliquely to CV and CV,.
NA = section of 2 nay ng acinus growng down from above and Iying
beneath the hepatic aa Most of the Indu 1nk seen m the plane of scection
stems from the sjected axial vessel (:-{i,N A There s ?o axlﬁi\‘tﬂtl ml:‘bl;‘m
the sectroned tip of aanus 1 not vuon, [rom a

Anatomuc com&mnom DIJE:II:J of ’hbyb]::rml_ Schiff Eduof:p m:ddphu

J B Lippincott Co., 1936
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FioURE 63 Acmar sgglomerate in humen liver injected wth Inda ink  Three
lazge branches grow out 1n different directions from a portal rgace PS.
1n right upper corner)  One of thete runs dugonally through the field and rep-
resents the axs of an acinar agglomente. From this portal branch preterminal
(1) and termunal (2) branches grow out and form the axes of the outcropping

complex and simple acni res ly (thick 100 g deared section x18)  Re-
ponted, lpcrm‘mon, from paport, A, M. Anatomi conuderations. Dis
eases of the Liver L Schiff Editor Philadelphw, J B Lippincott Co 1956

arranged structural units 1s shown There are many anastomotic path
ways permitting the flow of blood 1 all directions and also shown are
many collateral connections between the acinar structures that
allow flow of blood 1n all directions and that create the uniformuty of
the parenchymal mass, which 1s not 1 iself uniform Cuts are shown
parallel to terminal vessels and the acinar structures around them are
shown in cross section
In Figure 65 are shown also the arculatory Zones 1 2 and 3 whuch
are very helpful in the onentation of necrotic, arrhotic, and fatty
lesons Tt will be found that the distribution of all these lesions
follows the arrangement of these zones rather than the conventional
ones ( peniportal and percentral )
Figure 66 shows another liver mjected with India k. A central
ven and the Jower part of a hexagonal field are shown In one area
1t 1s evident that there 15 no uniform parenchymal mass while tn another
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FiGure 61 Acinar agglomerates outhined by ichenuc necrons sn a dog's liver
Necrosis was ind simultaneous formatron of an Eck fstula and ligatron
of the common hepatic artery  India ink was injected 1nto the cannulated portal
stem filling the large vesels of the sonar applomenates, the axal vessels of the
complex, and sumple acini and their sinusords. The ink docs not enter the necrotic
arcas, Only the groups of aan dose to the large afferent vessels have survived
(Thick 100 g cl section x18)

part an acinus has been cut rather close and parafiel to st axial struc
tures that 15 the reason why it seems so well filled with the ik, In
another part of the field another acinus extends from ane central ven
to the other but 1t 1s less filled wath ink because the cut 1s closer to the
acinar peniphery It 15 an acinus the axis of which hes above or below
the plane of the sectron  The dnemsity of the ik in the different

renchymal clumps proves that the tusue around the central vemn s
ar from being one urut

After this dinersion into the acinar concept of hepatic structure we
seturn to the autoperfusion of the Iner We were interested to sec
whether the effect of autoperfuston s caused only by 2 greater amount of
sodmm pentothal brought into the hiver or whether these were some
hustochemically detectable improvements 1n the sslets af tssue that
sunned hepatic sschema The hustochemical study of the tissues was
done by Dr W G B Casselman who 1s an Assistant Professor in
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Ficurr 66. The 2anar units and the hexagonal field The tusue around & cen
tral vein (C.V., near center of u h:!fo{thcﬁddz 1 composed of parts of
sant (eg. 1 1T and 111) which form the lower half of a hexagonal field Ther
b filled axial vessels grow out from two small portal spaces (P.S, PS) The
trssue of the upper part of this field stems from other sainar units. Aanwm I 1
seen to be deaned by two “central veans (CV CV) (Human fiver injected
with Indua Ink cleared thid section x110)  Reprinted permisson, from
Rappaport, A. M. A conniderat] Diseares of tbe Lirer L. Schuff
Editor Phuladelphu, ] B Lippincott Co. 1936,

the Banting and Best Department of Medcal Research of the Unrver
sity of Toronto Toronto Canada. 1 will present first the normal
Inver autoperfused for 6 hours There are no changes sn it So we must
say autoperfusion 1n stself does not damage the liver

Figure 67 1s the liver of a nonperfused anmal The amount of
necrosts present m the liver 1s apparent (Figure 68) Only small
remnants of tissue around the afferent vessels have s

Figure 69 13 a higher magnfication that shows a branching terminal
vessel A small nng %0 or three cells wide of sunning tissue cells
filled with nonacidic fat 15 shown

Tigure 70 15 also a liver of a nonperfused anumal but in another
section and it shows that fatty change precedes the necrosss of the
cells which are heavily infiltrated with fat

When 2 necrohic Iner s autoperfused for 6 hours with artenal
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FiGURE 68 Liver of an Eck fistula dop with subsequently Lipated common hepatic
attery Massrve hemorrhagic necrosis 24 bours after ligation of the hepatic artery
Only natcow rims of celly around portal spaces sutvive. The cells i the owter
row adjacent to the pecroic areas, are filled wuth fat droplets (Wilson s ORO
stain, x110)

with astennal or venous blood should be attempted  Our findings may
also help those carrying out expenments on hemorthagre shock i
which pentothal anesthesia s used

DeBakey Does 1t make any difference whether artenal or venous
blood 15 used?

Rappaport In terms of the percentages of sodm pentothal the
differences are not very great

DeBakey 1 mean in the effect

Tremont Smuth  Tor tecovery venous blood 15 about as good as
artenal?

Rappaport 1t scems so

Selkart Where do you tap i to get the blood?

Rappaport  This 1s the preparation with mtrahepatic orculation
custatled by an Edh fistula and pactial higatron of the acterial supply
We tap the femoral vemn to get the blood for autoperfusion from the
inferror vena cava

DeBubery Yor nre ! » through the other source
arent you? lf
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Foure 65 Tangential cut of sxal vessels. The cells m the outer row of the
narcow run of tntact parenchyma summounding the termunal vessels are filled with
fat (blad.) Fat droplets are wisible in the adjacent necrotic areas (Wilsons
QRO sam, 118}

Rappaport Yes 1F all branches of the hepatic artery were higated
i an Ech fistula dog, st would be another preparation Howmever such
an animal does not survive 24 hours, even when supplied with anh
beotres.

DeBakey  Even when you autotransfuse?

Rappepors 1 do not autotransfuse. The anmmal dies before that

Shorr These animals are not pretreated with an antibrotic?

Rappapost They are treated with antibrotic.

DeBakey They will die of you do not have the Ed. fistula?

Rappaport 1 1 Ligate the portal ven and do not make an Eck fistula,
such a dog dies within half an hour because the portal vem m the
dog does not have sufficent collaterals. After higation of the portal
ve, the portal bed 1 engorged with blood and the amal dies on
the table 1f a dog dies 2 to 3 hours after the formation of an Eck
fistula st can be predicted that a clot obstructing the lumen of the
fistula wall be found at autops)

Shorr You mught be interested 1n the stedy Dr Baez did a few
years ago, i which he artenalized the hiver without, of course, con-
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FiGurE 68 Liver of an Eck fistula dog with subsequently ligated common hepatsc
artery  Massive hemorrhagrc necrosis 24 bours dmw of the hepatic astery
1

Only narrow nms of cells around portal spaces The cells 1n the outer
row adjacent to the mecrotic areas, arc filled with fat droplets (Wilson s ORO
stan, x110)

with arterial or venous blood should be attempted Our findings may
also help those carrying out experiments on hemorrhagic shock n
which pentothal anesthesia 1s used

DeBakey Doces it make any difference whether artenal or venous
blood 15 used?

Rappapors In terms of the percentages of sodrum pentothal the
differences are not very great

DeBaker 1 mean in the effect

Tremont Smuth  For recovery venous blood 1s about as good as
arterial

Ra/pnpan It seems so

Selkxrt Where do you tap i to get the blood?

Rappaport  This 1s the preparation, with intrahepatic circulation
curtailed by an Eck fistula and partial Ligatron of the arternal supply
We tap the femorzl ven to get the blood for autoperfusion from the
infertor vena cava

DeBakey You are getung some blood through the other source
arent you’
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FiGURE 69 Tangential cut of axal vessels. The cells in the outer row of the
narrow rim of wntact parenchyma surrounding the termmal vessels are filled with
fat ébl:d.) Fat droplets are visible 1n the adjrcent necrotic areas (Wilson s
ORO stun, x18)

Rappaport Yes 1f all branches of the hepatic artery were ligated
in an Edk fistula dog 1t would be another preparation However such
an animal docs oot survive 24 hours even when supplied with antt
bioties

DeBakey Even when you autotransfuse?

Rappaport 1 do not autotransfuse The amimal dies before that

Sborr  These animals are not pretreated with an antibiotic?

Rappaport They are treated with antibrotic

DeBakey They will die of you do not have the Ech fistula?

Rappaport 1f 1 ligate the portal vein and do not mahe an Eck fistula
such & dog dies within halt an hour because the portal vemn m the
dog does not have sufficent collaterals  After igation of the portal
vein, the portal bed 1s engorged with blood and the animal dies on
the table If a dog dies 2 to 3 hours after the formation of an Eck
fistula, 1t can be predicted that a clot obstructing the lumen of the
fistula wall be found at autopsy

Shorr  You mught be mterested 1n the study Dr Baez did a few
years ago i which he antenalzed the liver without of course, con-
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FiGurE 70 Ischernic noaperfused liver of 2 dog 33 hours after the formation
of an Ed. fistula and 27 hours after ligstron of the common hepalic srtery
};l;caosu n:;tut;.fngﬂxmmdhcmuﬂm&n: (left u nhxi}m\rr margin)

remaun, parenchyma shows severe fatty change that precedes
the cell necrosis (Wilson s ORO stan, x110)

trolling blood pressure or flow Would you discuss those studies Dr
Baer?

Baez. These experuments were d d to see
whose liver recerved oaly artenal blood would be more resistant to
our standard hemorthagic shock procedure. First under pentobarbital
anesthesta, the right hudney was excised saving as much of the renal
artery and vein as possible Then the portal vew was freed of pervas-
cular bissue and sectoned betneen two clamps  Within 7 to 10
munutes an Ech fistula was established by end toend anastomosss
of the peripheral stump of the portal vein and the renal vemn. The
renal artery was then anastomosed to the hepatic (centeal) stump of
the portal vern by means of an artenal graft 1 to 114 mches 1n length
depending on the length of the renal artery (Frgure 74)

gs successfully operated upon recov ully and appeated to
be perfectly normal and healthy Hemorrhage was ind 21021
manths after operation  As already reported (15 16)  these dogs
required preater blood loss than thewr controls to achieve the same

hoth, I
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mon hepatic artery 48 hours and 19 hours, respectively ore uson. A band
of necrotic tissue can be seen stretching across the center of the field 1t contans
fat droplets. The surviving wslets of sbove and below this zone of
necrosss are well preserved and contun little fat even in the cells adjscent to the
necrotic area. Portal field mn left upper corner (Wilson s ORO staun, x110)

degree of hypotension, they had anly mild V.D M. activity 1n thewr
blood, and compensatory behavior persisted 1n the termunal vascular bed
for a longer trme than 1n the controls  Plasma unc acd values did not
increase as much as 1n control dogs subjected to the same shock pro-
cedure A number of these dogs died from acaadental hemorrhages
after the experiment, 5o our series was small (Table LIII) However
our impression was that all of them would have been reversible, in
contrast to the high mortality in their controls Al survived We have
X now

Rappaport 1 should expect that.

Fremont Sputh  What about the livers? Did you do Liver slices?

Baez, No we did not do any 1n this senes of dogs

Fremont Smuth In other words, they act as 1f they had been given
aurcomycn beforehand ?

Shorr  As if they had been given artenal blood at arterial pressure.,
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ExGURE 72. Ischemic liver of a dog autoperfused w ith venous blood for § bours.
Ischermiz was induced by the formation of an Eck fistula and ligation of the com-
mon hepatic artery 49 hours and 20 hours, respectively before the petfosion.
Necrosis has developed at the aanar peniphery where the fat laden (black)
cellular debns are seen. The cells at the margin of the surviving acnar core show
less fatty change than in the unperfused Ivers (Wilson s ORO stain, 1110)

We do not thunk the volume of the blood 1s as important as 1ts artenal
character and pressure.

DeBakey It 1 understood this correctly all of the l(];vcwrt:&l blood
flow was returned to the vena cava you short-circutted the Iner

Skorr By diverting the portal blood sto the renal ven.

DeBakey  And the proximal stump of the portal vein was anasto-
mosed via a graft to the mam artery so you had a double arteral supply

Baez Yes

Tremont Smtth  Both through the portal veins and hepatic artery

Rappaport There was some previous discussion on a stmilar topic
I mentioned that by microscopic examenation 11 raro 1t was found that
n hemorrhagie shock the liver parenchyma 15 almost exclusnely
supplied via the arteroles and that the ox gen saturation 1n the portal
vein drops tremendously during hemorrhagic shock  Blood 13 diverted
to the extrahepatic tissue and the oxygen 1s tahen out there. So that
10 hemorthagic shock the Iner sunvives the whole time on artenal
blood A preparation with double arterial supply to ats freer e, with
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Fxoime 73 Liver of a dog that dicd after 414 houes of hemorrhagic sboch. The
heavy dusting of fat (black) 1s scen 1n Zone 3 wihich ardes around the axml
vessels that branch out from the portal ficld (left lowes corner) and run dugonal
Iy toward the night upper comer The cells 1a Zone 1 close to the paal structures,
contun least fat. The central vesns are aot included in this field (Wilson s ORO
stain, X30)

its pormal hepatic artery and with the renal artery emptying into the
portal vein, should do better 1n hemorrhagic shock.

Shorr  Yes exactly Would this preparation be something for you
to think about, Dr Engel, 1n terms of your metabolic studies? You
mght find something other than the ferntin systems being modified
under these circumstances

Engel As 1 listen to this discussion it scems to me that we are
probaily closing in on certamn things Dunng the discussion, we have
heard of certain agents and techniques that have extended Lfe after
trauma or bleeding by changing the decrements mentioned before
Agents such as chlorpromazine, dibenzyhine, aurcomyan etc and
techniques like refrigeration present, i some respects the equivalent
of say what was done years ago by introduction of transfusion They
enable the arculation to carry on just a little bit further but 1n some
respects only delay the wnevitable Then conversely there are certain
deleterious mfluences such as the bacterial factor Dr Fine mentioned
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Figurr 74 Anastomosis of renal artery to hepatic stump of portal vem and
Edk fistula in dog_goving the liver an entirely arterial blood supply 1 Actta
ZVmaavn.aRcmlvm‘%Pom]vdn{ pheral end) 3l{cu:1mcry
6 Artenal graft. 7 Portal vein (hepatic stump) 8 Liver 9 Pancreas.

Thus 15 another wnsult which when removed, delays things but does not
solve them Then there are certain tissue changes, and here the Iner
still appears to be of central importance. It does seem as though some-
thing 15 accomplished by protecting the hiver whether by tmproving the
hepatsc airculation and preventing hypoxia or by use of agents which
can influence the metabolic actwity of the lrver so as to enable it to
function better under hypoxic conditions

For the purpose of the discussion at the moment, 1t doss not matter
whether one argues that the ferntin mechanum 15 good bad of
indifferent This will not change the basic argument that there 1s 2 need
to determme whether or not other metabolic parameters i the liver
are important and can be modified favorably and unfavorably by
various agents as has been the case with fernitin - Moreover there should
be an imestigation of procedures which induce shock by directly influ-
enaing the enzyme systems including those that are being studied in the
ferntin-activation system

We really do see clinically certam types of shock that are caused by
agents which act on enzyme systems  The most obvious one 18 ansentc
poisoming  This 15 a good sulfhydry] poison, and it ss sery well known
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TABLE LIH
Hemorrhagic Shock m Dogs with Arterialized Livers
Duration of Hypotension | 1 s "
Exp Tol | 4 33mm | BLLoss |Transfusicms|  Result
No min Hgmn | % body wt | % body wt
1 Control Senes
1 260 170 51 27 died  14hr
2 240 120 50 30 died  2hr
3 270 150 55 10 died < 2hr
4 250 155 50 10 died  24hr
5 250 120 49 33 died < 2hr
6 240 150 50 21 died < 3hr
7 280 150 49 11 died  34hr
Avg 258 145 505 201 died  12hr
2 Asterulzed Lrver
1 270 150 615 0 survived
2 300 180 610 4] surveved
3 240 185 710 03 survived
4 270 165 710 0 survived
5 315 180 6.4 14 survived
Avg 279 175 657 034 survived

that shoch 15 part of the clinical picture of acute ersenic possoning

We have pot given much thought in the past to what might be
learned by using potsons with known metabolic actions to induce shock.
Thys 15 something that should be studied One powson that we are
wterested 1n which may have sigmificance for the shock problem 15
sodrum fluoroacetate We were not speafically concerned with shock
when we began to study the metabolic consequences of this agent which
acts by blocking the Krebs cpdde  However after working with 1t
several years, we have been more and more impressed with the fact that
this poison males rats extraordinanly susceptible to developing shodk
after really very mwor stresses such as handling or taking blood
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samples It 13 interesting too that this does not seem to happen
immeduately but only 12 to 16 hours after poisoning with sodrum
fluoroacetate  This 15 when the animals are most susceptible, Here
shoch develops some hours after animals recene a poison which blocks
the Krebs cycle It could reasonably be that the eventual
cffect of the powson which blocks the Kreb s cycle would be a running
down of oxidatine metabolism  Thus fadure of oxidatrve metabolsm
13 just what might be anticipated to occur late in shodk when terevers:
bility sets m

One of the next durections for research 1n shock 15 attention to the
effects on the arculation of agents which directly influence these enzyme
systems which we know are disrupted by hypoxia In other words, can
iwreversible shock be induced readily by powsoning certain enzyme
systems and can 1t be shown that the metabolic disturbances 1n such
organs as the liver precede the decompensation of the airculation and
the development of hypoxia? From studies of this sort it might prove
possible to establish which of the metabolic derangements are entical
and which are purely secondary to hypowia

Fremont Smuth  Does arthosis of the Iner also come ito the
category ?

Engel Climcally we know that patients with arrhosis of the Iner
seem to be more susceptibile to shod. particularly from hemorrhage
and infection

Fremont Smuth 1 might just mentron at this pomt that this all
started when Dr Shorr who had been interested 1n Zwerfach s and
Chambers studies * as reported 1n our first shock conferences dunng
the war also attended the liver conferences durng the war and saw
Dr Paul Gybrgy s nutritionally deficient mts with arrhosis of the
liner * Someone asked Dr Gydrgy why he did not get seral bropsies to
show the development of thus cirrhosis  He said he could not use
the rats would not sunvive a bioj Several of us guestioned this
since 1t 1s well known that rats wxl}l”Zumw: removal of more than half
of the Iner It was then that Dr Shorr got the sdea these rats were
alceady on the edge of shock and very susceptible to trauma

Shorr No this was actually only in relation to arthosis We
found the nutritonally arrhotic rats had defects in their hepatic ferntin
systems which resembled those 1n shocked dogs It gave our own
studies further impetus

Engel Pauents with arrhoss and bleeding varices usually seem
much more difficult to handle than patients with a bleeding ulcer with
comparable blood loss

1 npoblished
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DeBakey At the same time, 2 patient with arrhosxtsh?sf th;el;cr can
tolerate hepatic artery ligation very well. I suppose 15 use 1n
arrhosis ccg:udcmbclfey co%.lﬂltnral blood flow has already occurred

Rappapors 1 will not say that. From what some sargeons some
times cause, when they ligate the hepatic artery supplying 2 currhotic
Iiver they are repeating the second stage of our expertmental procedure
for inducing hepatic coma {and they have successfully mduced 1t 1n
quite 2 number of cases) The first stage the Eck fistula, 1s produced
m the arthotic patient by nature. Over the years of the disease the
portal blood 15 diverted through collaterals into the mferior vena cava
and the abdomen. So the fistula 1s formed. When the surgeon
o the abdomen #nd ligates the hepatic artery he merely brngs

ut the second stage, and he should not be surprised when a certain
Pcm:ntlge of patients die  These deaths are listed as  Liver shock,
bepatorenal syndrome, and under all kinds of other names but the
picture before death 1s that of pure hepatic coma. I do not deny
that some patients survive I know they do

DeBakey The imporhon of patieats that die following that pro-
cedure has been relatively small, as & matter of fact, 1t 18 unusual In
our own series of cases, now numbering thirteen, 1n which that was
done, not a single death of that kind occurred. Every patient tolerated
the operation (E.utc well. The deaths occurred later not 1n a matter of
days or weeks, but months So far as we could determine, the procedure
did not affect the clintcal course 1n any way 1n a high proportion of
these patients I mean by that, Lhatwesctmnottolf:avthadmy
adverse effect on the patient.

Sborr What about the collateral circulation?

DeBakey 1should say that the collateral circulation must have been
excellent

Shorr Yes that 1s the pont

Rappaport The cases that survived have, in the process of their
disease had the portal blood shunted away and the lver supplied by
all Jands of arterial collaterals not only through the hepatic artery
but also from the celiac and mesenteric trees If the patient 13 fortunate
enough to have such good collaterals and we koow these ate many
of those listed as aberrant artertes n the human liver that patient 1s
provided by nature to give success to the sur

DeBakey The only potnt | wanted to make was that T do not think
that the procedure, on the basis of our clinical expersence with 1t m
thirteen cases, has any therapeutic value. That 15 why we stopped at

thiteen we did not see that 1t made any difference 10 the subsequent
course of the patient
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There were some who suniined as long as 3 years Agaun, we did not
notice any change 1n the course They had recurrent hemorrhages, and
therr general status was not significantly changed as far as we could tell
The mteresting thing was that they were able to tolerate the procedure.

1 might say that we not only ligated the hepatic artery but we also
ligated the splenic artery and the left gastric artery

Rappapors They had good phrenic arteries they must have had good
collateral flow from the superior mesentenic artery and probably a Jot
of collatera! arculation coming up with the bile duct as 1 observed 1n
our animals  We were able to produce such a liver preparation 1n a
series of erghteen dogs the socalled paradoxical dogs We diverted
totally the portal blood from the liver and ligated all branches of the
hepatic artery and the orgen survived on collateral arculabion alone
1t lived on what it borrowed from the neighbors (17)

Shorr  Dr Furchgott, would you tell us a little about your work
on GD 131?

Tarchgott G D 131 has no adrenergic blodang actvity on rabbt
sortic strips 1 concentrations which are comparable to those used 1n
your experiments or Dr Nicherson s earlier expenments on whole
ammals  On the other hand, 1t has a very definite potentisting effect
on the contmactile response of aortic strips to epinephrine. Such a
potentiating effect we have not piched up with any concentrations of
related B halo alkylamines such as dibenamine or SY 28 which act
simply as adrenergic blocking agents

However we have found G D 131 to have one pharmacologic action
n common with dibenamine and SY 28 Dr Harvey and Dr Nicler
son (18) have already reported on certain common chemical reactions
of p-halo allylamines such as reactions with SH ,gmufs The common
action which we find 13 on the 1solated left atrium of the guwnea pig
driven electrically s 1270 All three of these agents have a stumulating
effect on the force of contraction of thus 1solzted cardiac muscle One
of them SY 28 we have tried on spontancously beating atria. Here
1t has been found to have a simulating effect on rate as well as force like
epinephrine or norepmephnine I predict that the two other agents
would do the same *

Thus when we add them to heart muscle these agents seem to act
very much like epinephrne or norepinephnne but the duration of
their action 1s limuted that 1s tachyphylaxs occurs  For example after
the electrically driven auncle at 37°C. has been exposed to one of these
agents for 30 munutes or so the stumulatory effect on force beguns to

*Ja more recent expenments, this prediction has proved coerect.
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cation and removal are indicated by the vertical lines. The cune §
mdrcates the temperature changes in two cold acchimatized animals that
sunived The curve A ( S) indicates the temperature changes in the
cold acchmatized rats leaving out the two that survived The tempera
ture changes 1 shocked control unzcclimatized rats 15 shown m C
These were age controls for the acchmatized rats but the weight con
trols pave simular results  The sigruficance of the difference tn tempera
tures between acclimatized and unacchimatized was tested at 5 hours
after clamp release At thus point a ttest showed p to be less than
002 Figure 76 shows the percentage of the rats surviving at a grven
ume, Two of the accltmatized animals sunaved for longer than 48
hours ‘The mean survival times and standard deviations for the differ
ent groups are gren in the upper right cormer A companson of
acchmatized and controls gtves p values less than 001 Figure 77
shows the changes tn oxygen consumption in these antmals  The dotted
vertteal lines indicate the period of clamp application  The line marked
Cold refers to the cold acclimatixed rats and that marked Room Tem
perature refers to the controls The acclimatized rats have a higher
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Oxjgen consumption at the start. Dunng the period of clamping at
27°C._ the oxygen consumptrons come closer together During the
period when shodk. 15 developing the ones that had been cold acclima
tized showed a slower fall 1n metabolic rate T do not know the explana
tion for these results but we thought they might be of some mterest
The acclimatzed animals have a larger blood volume than normal
They also have a higher metabolic rate and thetwr adrenals are very
large. We may be observing 2 phenomenan related to that suggested
by Dt Levine earlier 1n the discussion

Shorr  Actually they would that (if we disregard the pos-
sible cffect of the higher blood volume, which of course we cannot)
0 2 sense because their oxidative needs are preater these animals
are more jeopardized than the animals which have a lower metabolic
fate

Harst You would thinl. so yet they seem to do better

Fremont Smuth 1 do not believ e we know anything about the physio-
08t processes mvolved 1n acclimatization to cold do we? Is there
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greater reactnvity of the sympathetic system? Or are there any other
indications as to how this operates?

Hast 1 do not know

Fremont Swruth  This would be an essential clue perhaps as to why
they are protected

Hass 1t 13 possible that experuments of this type might prve Ieads
concerning acclimatization quite apart from any cffects en shock



Infinence of Hypothermsa Chlorpromazmne 307

DeBakey Hasn t there been considerable work on high altitude, for
example?

Fremont Smith  You mean to cold?

DeBakey Not just for cold, but for acclimatization to atmospheric
changes as well

Fremont Smsth  There 1s definite information on high altitude, but as
far as I know there 1s no information on speafic processes to cold
scchimatizstion  There 1s no reason to believe the two studies would
be rdentical although there mught be overlaps

DeBakey 1 was thinking i terms of overlaps It seemed to me
there were some studies by the Army group at Fort Knox on acclimatt
ation to cold

Fremont Smuth  ‘The Army group were here at our conference and
1 do not believe that anyone brought out any indications as to what
was mvolved.

Hast There have been many changes described which are assoctated
with acclimatization, but the exact relattionship of these changes to
the acclimatization itself has not been too well established

Fremont Smath  That 1s what I meant.
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LYMPHATIC ADJUSTMENTS IN SHOCK*

SILVIO BAEZ*?
Department of Medscne
Cornell Unroersity Medical College and
Toe New York Hospital
New York 1

OUR sTUDIES HAVE led us to believe that we can no longer disregard
the theology of the lymph when we discuss gcnphml arculatory
homeostasts  Unfortunately this subject has had very little attention
n rimental hemorrhagic or trmumatic shock and generalizations
hav?ﬁcn based on observations of the most accessible pathways such
as those 1n the cutaneous layers An increase 1o thoracic duct lymph
flow wn the dog has been reported during hypotensive shock caused
mtestinal mampulation (1) and leg injury (2) However one article was
found describing a marked and progressive diminution of subcutaneous
lymph flow during hemorrhagic shock in the dog (3) Mamntenance
of effecttve or increased lymph flow 1n the thoracic duct during shock
2t 2 tune when flow in the other lymph trunks diminished or ceased
would seem to suggest etther a different regulation of the termnal
vascular bed of the alimentary canal or a different dynamic behavior
of its lymph vessel system or both The terminal lymphatics have
rv:fmvcdllmle attention and have been assumed to form a static system
of vessels

The constant occurrence of congestion of the abdomnal viscera and
especually of the alimentary cansl dunng hemorrhagic or traumatic
shod,, at 2 tume when the shin and striated muscles are mther 1schemic,
was the motivation for a study of the sequence of dynamic changes
both 1n the blood vessels and 1a the adjacent lymphatic channels of the
. 7mm¢mmfmdemmxmmuumem,U&Publealm

Service (Gruot H79) the Josiah Macy Jr Foundstion the Research snd Devel
Drvision, Office of the General, 3A49-
007A(D-388) the New York Heart Assocaboa
“mn{:duf Godach and

“h"'\m‘" Nﬂoﬁfr?‘;z 13 pow in the Department of Anesthexrology New York Ual

1Dr Bam
M‘mimlmdmcwdwﬂmlﬂgyan\mkUmq

309



310 Shock and Circwlatory Homeostasis

Ficurr 78 (A) Segment of a mesentenc Iymphatic channel, photogra be-
forc the hemorthagic cxpenment was begun, showing two open valves and
regronal termemal blood vessel crosung at two 1n the vicimity of the valves,
(B) The same scgrrent as 1a {A) ziter blood equal to from 2 per cent to > 2
per cent of the body wcight had been withdrawn, showing intense narrowing of
the lymphatic channel  Blood flow was sull being muntained. Shight enlaree
ment of senule 13 evident (€) The same segment after spontancous uptake of
blood had begun but before forced infusion, showing atonic distention of the
lymphatie channel with marked sccumulation of eyt s The flos 1n the
terminal blood vessels was deficrent. (Enlarged from 16 mm motion proture
flm.)
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rat mesentery ‘The present report of these studies 1s concerned chiefly
with the changes during hemorrhagic shoch

Femsle ruts of the Wistar strain wetghing from 110 to 130 gm
were used 10 these expeniments  Hemorrhagic shock was induced under
isght anesthema by graded bleeding, controlled by a self infusion appa
ratus as previously described (4)  For direct microscopic observation
of 1 representative lymphatic channel mn the mesentery a short segment
(2 wnches) of jejunum or dleum was exterrorized through a mudlne
incision. The gut was placed over a luate block, held 1n place by
cotton which was moustened by a constant dop of 1 percent Ringer
gelatin solution st body temperature. The changes in sensitivity to the
shmolus of topical epinephrine of both the regional lymphatic vessels
and their accompanying terminal muscular blood vessels were deter
mined throughout the hemorrhagic experiment. Changes 1n frequency
and itensity of the contractions of lymphatic vessel walls and valves,
1s well as modifications 1n the manner of the lymph flow were noted

Cinematographic recordings of the blood and Iymphatic vessels 1o
the selected field were made at several representatrve stages of the
thocl syndrome by means of a special camera with & zrconum arc
lamp A monocular microscope with a built in light meter was used
at 32 and 60 times magnification

Thete are two types of lymph vessel wall contractions in the mesen-
tery (4) penstaltic like waves of contracton which are 1mitiated 1n
the gut and progress rapidly toward the first lymph node (Such a
contraction usually appears to the observer as an instantaneous total
contraction of the lymph vessel wall. Its progressive penstaltic charac
ter may best be demonstrated by high spcecrphotogmphy ) and (b) par
tal wall contractions which occur anywhere along the vessel wall
sThcy are not progresstve and are 1n general, intense and of bref

uration (3) ]

Before the hemorrhagic shoch expeniment, spontaneous contracttons
of the walls and valves of the mesentertc Iymphatic channels (Figure
78 A) occur at a rate of from 8 to 12 per mimute The lymph flow 1s
continuous, with otermittent increases 1n flow comnadent with partial
wall contractions and particulacly with persstaltic Lil e waves The cell
mbm 18 rather scanty and 13 essentially lymphocytic. Erythrocytes

te a traumatized preparation which should be discarded The
termuinal blood vessels accompanying the lymphatics are n essence
smilar to those elsewhere 1n the mesentery Their only outstanding and
constant feature 15 the presence of short AV or A A channels i the
neighborhood of the valve sites sometimes describing & complete crrcle
about the lymph vessel The normal threshold reactvity of the
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Iymphatic vessels to topical epinephrine 15 about 15 to 20 times lower
than that of the termunal muscular blood vessels the metarterioles
and precapilianes

Immeduately aftes the mtial bleeding of from 08 to 1.2 per cent
of body weight the lymphatic vessel diameter (from 60 to 120 g)
remawns unchanged. Both partisl wall contractions and perstaltic
waves of contraction become more frequent and mtense The cell
population increases considerably but remains leukocytic The sensitn
ity of the Iymphatic vessels to cpinephrine mcreases n the same propor
tion as that of the muscular capillary blood vessels r.e from {to $
tumes At this early stage after an wmital slight narrowing of the
termunal arterioles the blood vessels regan thetr normal pattem of
blood flow with a rapid effectne venous return. With graded
hemorrhagic procedure employed 1n our laboratory a distinct change in
duameter of the lymphatic channels dees not appear uatil from 2 to
22 per cent of body weight of blood has been withdrawn at about
114 hours after the beginning of the experrment (Fxgurc 78 B)

This change consists 1n 2 passne narrowing of the lumen to about
one half tts normal dumeter  Supenimposed on this may be seen waves
of actrve contraction which cause the lymphatic walls to approach
each other further and then return to thetr semicontracted state  Since
the frequency of these actne contractions 1s now much reduced the
lympm“ becomes intermittent and formed elements (Iymphocytes)
are practically absent Vasomotion of the metartenoles and pre
capillanies pow becomes maximally enhanced and their over all sen
sitrvity to epmnephrine increases from 10 000 to 50 000 times over con
trol Ievels  This hyperreactne adjustment of both the Iymphatic and
termnal blood vessels persists until a plateau of maximal bleeding 15
established averaging 3% per cent of body weight and occurning at
about 214 to 3 hours after the beginning of the hemorrhagic procedure
The typical (G) seres of decompensatory features then begins to
develop in the blood vasculature - At the same time atonte distentrans of
the lymphatic vessel wall occur 1n separate zones along its length with
zones of constnction intervening so that a varcose apg::r:m‘c results,
The Iymph flow which almost ceased at the peak of the hyperreactive
stage increases agam slowly and cells reappear These however are
now red cells which a r to be very sticky since they clump tagether
1 small numbers and form thrombt along the lymphatic vessel walls
The beginming of this atanic lymphatsc wall distentton and the appear
:mek;?crythmcms comncide with the mitiation of spontancous blond
uptake from the reservorr As the amount of blood taken up increases
the intestinal wall becomes progressively more edematous and con
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Red cells continue to accumulate 1 the lymphatic vessels
until eventually these vessels resemble greatly dilated veins (Figure 78
C) The spontancous wall contractions are now scarcely perceptible
a0d are incapable of forward Fmpulslon.

At the end of the 2 hours of drastic (30 mm Hg{ hypotension the
remaining blood, which has not been ntaneously taken up from
the reservotr 1 slowly infused and the blood pressure returns neacly
to the control value. Although the large arteries and artertoles regain
10 almost normal diameter and flow the autonomous vasomotion of
the metarterioles and precapillaries does not return and they are quite
unresponsive to the threshold dose of topical epinephnine Patches of
petechial hemorrhage are present in the endothelul capillanes Im-
meduately following transfusion, an exaggerated motion 1s seen in the
Iymphatic vessels consisting of successive waves of penstaltic con
tractions which progress along the entire length of the vessels At this
time the blood cells which accumulsted 1n the lymphatic channel as
it slowly distended before transfusion, are propelled forward and
wstead of the flow of clear lymph a frank blood flow occurs  The site
of this transvasation of blood from its natural compartment to the
lymphatics must be the several layers of the alimentary canal. At
present, however 1t was directly observed only at two levels of the gut
wall, in the venular plexus of the submucosa and 1n the small termmnal
vessels of the muscular coat The duration of this transvasation of
blood depends on the degree of gut congestion In cases of munor
congestion of the gut 1t may not appear at all, and if it 1s present 1t
tends to disappear agamn. In other cases the blood flow through the
lyrntEham: vessels continues until exstus  In the latter instance the flow
tn the blood vesscls becomes sluggish and finally stagnates while the
regional lymph vessels continue to show spasmodic contractions with
an mtermittent flow until exttus

Skorr Would you describe the assoctation of the blood vessels with
the valves?

Baez. 1 am glad you brought that up Dr Shorr for I believe that
the small blood vesscls which accompany the lymphatic channels of
the alimentary canal deserve further attention  Krogh mentions globotd
bodies formed by a large number of small coalescent vessels 1n the sub-
mucosa of the intestine which Mall had described earlier and named

rete.  He suggested that the strategic location of this vascular organ
zaton in close contact with the lymph vessels coming from the wills
mught faclitate further nterchange of substances beyond that occurring
at the villi (7) In the mesentery the site of our observations the
architectural pattern of the sccompanying vessels 1s less complicated
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The constancy of this pattemn affords 2 unique opportumity for studies
on the comparative behavior of both systems of vessels and on the flow
tn both compartments Brefly it consists of one or two muscular
metarterroles (from 16 to 28 x drameter) which lie 1n close proxtmity
to the lymph vessel wall Sometimes they are so close to each other
that at low power distinction can be made between thesr walls only
duning the Iymphatic vessel s active contraction  Usually from 4 to 6
capillanies branch off and are then collected into one or two venules.
These, after curving slightly run along agam proximal to the Iymphatic
vessel One peculiar feature of this vasculature 13 the presence of A V
or A A shunts which almost always occur at the valve sites Whether this
has to do with the autonomous motion of the Iymphatic valve or as
suggested by Krogh (7) constitutes a last outpost of further exchange
of solutes betwen the Iymphatics and the blood vessels remams to
determned

Knusely If 1t were possible to measure the blood volume at this teme
what would 1t mean? Would the blood volume measured at this tme
be 2 number which could be counted upon exclusiely in making intellt
gent interpretattons of what 1s occurnng?

Baez, Are you speaking of the dynamics of the Iymph or of the
reliability of the blood volume measurement?

Rmsely  Anything at all you want to do with it

Freniont Snuth  Are you trying to say we have to know what the
volume 1n the lymphatics 1s to interpret the meaning of blood volume?

Rnsely 1 should say that there are many alleged blood volume
measutements which men are now trying to use to mtcrprtt;xcrenmcms
and understand phenomena, but that said alle bl volume
measurements ly do not mean anything at all and serve only to
confuse our deas

Tremsont Spitk  Because of the blood cells n the Igmphatics or the
flud tn the Iymphattcs?

Rousely Both and fluid outside of the Iymphatics and outside of the
vessels too Iagree with Dr Baez in this argument

Baez 1 believe any assessment of circulating blood volume
situations n which the normal permeability of the capillary bed has
been distupted to the pomnt of frank extravasation of formed elements,
such as we have just seen would require very cautious interpretation

I may add that ] have extended these observations to include the effect
of drum trauma  There we found a different situation which 1s not as
dramatic as ths Immedtately after a rat has been gnen 700 rotatrons
i the drum, 1ts blood pressure falls to 70 or 80 mm He When a
portion of the gut which 15 usually congested 13 exposed for obsena
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ton, the magority of the lymphatic vessels appear atonic and distended
10d are quite unresponsive to epmephrine. Slow but continuous flow
of Ilymph 15 present, with a mixed population of red and white cells
‘The blood pressure declines steaddy, and within 40 to 60 mumutes 15
down to about 40 mm Hg If one attempts to raisc the blood pressure
by wfusing about 1 to 15 ml. of blood, obtamned from a donor rat
there appears an immediate outpourtng of blood mto the lymphatic
chaonels, giving them the appearance of large distended veins very
similar to those seen 10 the hemorrhagic shock experiment
Frne Ths mught be the place to mention Dr Frank s ents on
dogs to see whether by passing the Liver by a total Ech fistula to prevent
splanchnic congestion would affect the course of hemorrhagic shock
(8) The Edk fistula did prevent congestion of the Nevertheless,
the dogs died about as quickly as those without the fistula My sugges-
ton 15 that perhaps the accumulation of red cells in these lymphatics
1 an uptake of extravasated red cells From the results on Edk fistula
expeniments, this phenomenon would not play a significant role 1n
the course of the shock state. The red cells are returned to the arcula
Bon anyway
Baer, 1 agree with you Dr Fine on the pomt that the red cells
sccumulated 1n the mesenteric lymphatics could only come from extra
vasated cells in the uall of the gut, and that this could only be
phenomenon of the splanchnic circulation. Iam not mn 2 position how
ever to comment on Elood that has been extravasated wuhin the gut
As far as we can tell from direct microscopic observation, most of
the cells from the numerous foct of petechial hemorrhage which
develop 1n the submucosa and the muscular coat during hemorshage or
after tranma find their way durectly 1nto the neighboring lymphatic
apillares At the present we have not been successful 1 makiog a
satisfactory Eck fistula 1n the rat, which might belp us to answer one
of your points The closest that we have come to the studies you men-
toned 15 our ence with the Eck fistula 1n the dog with the arte
rulied Jrver (9) These anumals are not only resistant to a standard
bemorrhagic procedure, with high mortality 1n the controls but they
also mawtain the hepatic ferntin systems intact and develop no gut
ongestion
Tt mught be of interest to add that the ptior mjection of an adrenergic
agent (dibenzyline) 1n a dose which affords protection against
hagic or drum shock also prevents congestion and  transvasa
%2 of blood sato the lymphattcs
iﬂﬁanha What happens to the mesenteric lymph nodes?
2. 1 can say only that they become very edematous and congested
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The constancy of ths pattern affords & unique opportunity for studies
on the comparative behavior of both systems of vessels and on the flow
n both compartments Brefly 1t consists of one or two muscular
metartersoles (from 16 to 28 p diameter) which lie 1n close proxumity
to the lymph vessel wall. Sometimes they are so close to each other
that at low power distnction can be made between their walls only
dunng the lymphatic vessel s active contractron  Usually from 4 to 6
capillaries branch off and are then collected 1nto one or two venules.
These, after carving slightly run along again proxumal to the lymphatic
vessel One peculiar feature of this vasculature 1s the presence of AV
or A A shunts which almost always occur at the valve sites Whether this
has to do with the autonomous motion of the Iymphatic valve, or as
suggested by Krogh (7) constitutes a last outpost of further exchznﬁ:
of solutes betwen the lymphatics and the blood vessels, remarns to
determined

Knusely If 1t were possible to measure the blood volume at this time
what would 1t mean? Would the blood volume measured at this time
be a number which could be counted upon exclusively in making mtells
gent wnterpretations of what 1s occurring?

Baez  Are you speaking of the dynamics of the lymph or of the
reliability of the blood volume measurement?

Kosely  Anything at all you want to do with st

Fremont Smith  Are you trying to say we have to know what the
volume 1n the lymphatics 15 to mnterpret the meaning of blood volume?

Rnssely 1 should say that there are many alleged blood volume
measurements which men are now trying to use to interpret ments
and understand phenomena, but that sud alleged bl volume
measurements probably do not mean anything at all and serve only to
confuse our ideas

Fremont Smth  Because of the blood cells in the lymphatics or the
fluid 1n the lymphatics?

Rmsely Both and flud outside of the Iymphatics and outside of the
vessels too Tagree with Dr Baez in this argument.

Baez 1 believe any assessment of arculating blood volume 1
situations 1n which the normal permeability of the capillary bed has
been disrupted to the pomt of frank extravasation of formed elements,
such as we have just seen would require very cautious interpretation.

I may add that I have extended these observations to include the effect
of drum trauma There we found a different situation which is not as
dramatic as this Immediately after & rat has been given 700 rotations
1 the drum 1ts blood pressure falls to 70 or 80 mm Hg When a
portion of the gut, which 15 usually congested 15 exposed for absena
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tion, the majonity of the lymphatic vesscls appear atonic and distended
and are quite unresponsive to epinephrine. Slow but continuous flow
of lymph 15 present, with a mrxed populetion of red and white cells
The blood pressure declines steadily and within 40 to 60 munutes 1s
down to about 40 mm. Hg  If one attempts to rase the blood pressure
by mfusing about 1 to 15 m! of blood, obtaned from a donor rat,
there appears an tmmediate outpouring of blood wmto the lymphatic
channels, gving them the appearance of large distended veins very
sumilar to those seen 10 the hemorrhagic shock expeniment
Fme Ths might be the place to mention Dr Frank s experiments on
dogs to see whether by passing the liver by a total Eck fistula to prevent
lanchnic congeston would affect the course of hemorrhagic shock
8) The Eck fistula did prevent congestion of the gut Nevertheless,
dogs died about as quickly as those without the ﬁgstcluh My sugges-
tion 15 that perhaps the accumulation of red cells 1n these lymphatics
15 an nptake of extravasated red cells From the results on Edh fistula
apenments, this phenomenon would not play a significant role 1n
the coucse of the shock state The red cells are returned to the arculs
ton anyway
Baez, 1 agree with you Dr Fine, on the point that the red cells
tccumulated in the mesenteric lymphaties cou.lj)o only come from extra
vasated cells n the wall of the gut, and that this could only be a
phenomenon of the splanchnic circulation. 1 am not tn & posttion how
ever to comment ousilood that has been extravasated wzbm the gut.
As far as we can tell from direct microscopic observation, most of
the cells from the numerous foct of petechul hemorchage which
d“'flﬁp in the submucosa and the muscular coat during hemorrhage or
after trauma find their way durectly mto the neighboring lymphatic
apilanes At the present we have not been successful m making a
satisfactory Eck fistula n the rat, which mught help us to answer one
of your pomts The closest that we have come to the studies you men
toned 15 our ence with the Ech fistula 1n the dog with the arte
rulized liver (9) These animals are not only resistant to a standard
hemorrhagic procedure, with high mortality in the controls, but they
2ls0 maintan the hepatic ferrtin systems intact and develop no gut
ongestion,
It might be of nterest to add that the prior wmjection of an adrenergic
agent (dibenzyline) 10 a dose whuch affords protection agasnst
otthagic or drum shodk also prevents congestion and  transvasa
toa” of blood into the iymphatics
Srkantia What happens to the mesenteric lymph nodes?
Baez 1 say only that they become very edematous and congested
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Fine In the dog when a rlethom 1s deliberately produced by exces-
swve transfusions, virtually all the blood that s put 1n escapes to the
pentoneal cavity with 2 resulting tremendous hemopentoncum and
with no evidence of an overt vascular leak. It 15 a drapedesis caused by
increased resistance to return flow 1 the liver This may have been
operating 10 your rats on 2 smaller scale, and may have been showmg
up only by lymphatic uptahe

Baez. In our expenence with dogs and rats frank hemopentoaeum
occurs rarely after total replacement of the blood shed and when it
happens we regard 1t as a result of a leak somewhere and we discard
the animal from our series In our anumals hemorrhage often occurs
1n the lumen of the gut and results in frank melena  As a rule even
a rat with extensively congested gut shows hardly a few tenths of a m!
of clear or at most ptakish, flud 1n the pentoneal cavity

Rappaport Dr Frank, how long after the formatson of Edh fistuls
dud you produce hemol shock?

Frank The animals had recovered from the operation and were in
what we judged to be good health, and yet we did not want to let them
remasn as Eck fistula ammels too long to detertorate  As I reaall, 1t
was 2 or 3 weeks

Furchgotr  Dr Baez, 1s the contractile motton of the lymphatics
dependent on innervation? Also do the lymphatics contract on ex
posure to agents such as epinephrine end norepinephrine ?

Baez. 1 have not worked personally on the neurogenic control of
Iymph motion but tt has been reported (10? that electrical stmulation
of the peripheral end of the sectroned splanchnic nerve induced an
enhanced contraction of the lymph vessels, while simular stimulation
of the distal end of the cut vagus has been reported to gne drverse
results (10 11)  These studies seem to require further work  We have
confirmed Florey s observation that wall contractions continue for a
time 1n lymph channels which have been sectioned at both ends  This
led him to believe that the motion 1s independent of the central nervous

em.

mBoth the muscular small blood vessels as well as the Iymphatic

channels under observation are responsive to the toptcal application or

\nteavenous injection of epnephrine or arterenol  The blood vessels are

from 15 to 20 times more sensitive than the Iymph vessels to the topical

application of this agent while the reverse 1s true on tntravenous injec

hon

Fremout Snth  What are you applying at that time?

Rarz. Epwnephrine If 1t 1s applied topically to the mesentery 1n
perceptibly






318

Shock and Circulatory Homeostass

of subartaneous lymph m dog hemorrthage and hyperemu. £
] Pbysrol 101 223 (1932)

Barz, § ZwerFacH, B W, PrrioN R, and Shorx, E Re
factor 1n vascular response to hemorrhagic and traumatic sho
Am | Pbysol 166, 638 (1951)

BAEZ, 5. Mesenteric Iymphatic dynamees 1n the rat. Shock «
Cirenlatory Homeostasts H. D Green, Editor Trans. Fou
Coof New York, Josah Mscy Jr Foundstion, 1955 (p 1L
ZwetFacH, B W, Camerrs, R, Leg, R E. and HyMaN ¢
Reactions of periphera! blood vessels n hemorrha
Ann New York Acad Sc 49, 553 (1948

kroGH, A.  The Anstomy énd Physrology of Capdllarser N
Haven, Yale Unrr Press, 1922 (p 248)

Frank, H A, GLotzer P, Jacos S, and FiNg, ]  Traum:
shock  hemorrhagic shock 1n Eck fistula dogs Am [ Phydol 1t
508 (1951)

BArz, S. ZwrtFAcH, B W and SHorx, E.  Influence of Ir
artenalization on hemorrhagie shodh  relation to

(ferntin) mechansms. Federatron Proc 12, 8 (1933)
Froary H. Observahons on the coatractility of the lade
Part Il | Physol 63 1(1927)

BerT P and LArroNT Inflvence du systéme nerveux sur
vasseanx Iym) ques. Comps rend Aced sc 94, 739 (18%
CarLeroN H M. ‘and Frorry H.  The mammalun lacteal
hustolograal structure 1a relatron to tts physiological properts
Proc Roy Soc Losdom s.B 102, 110 (1927)



INDEX

A
Acclimatization, 303-307
Actylcholing, 177 179
Aamas, liver 282 290
Adenoune tnphosphate, 43-44

Adrenal gland
nd arculaton, 184
s production, 183
cottex, m repal 185
enbargement and acclimatimtion, 303
A

dremlectomy
extylcholine outpat, 177, 179
o1 e, 175
nd 175-181
blood pressure, 173-184
cold re aftec 177
and drum trauma, 152
153 159-161
and foemalin, 177
liver oxygen coatent, 161
mesoappendix crculation, 182 183
mode responses, 173 177 181

mgmumnmx 173176

nervous systems, 177 181

and tlxgreptmphme, 173-179 182
3

weontvity development, 175 178
streys mechanism, 177

suscepeibility to fatigue, 173 181
Arsobecter aerogenes 66
Alliplamines, 302
Arlase, 62
Anterobeosls

d sureomyein, 113-116
i
vabron, 127
telease, 113116
m‘::;DM; 1 Lver slices, 1 s1ir0

Anastomosis
anatomuc descriphon, 28-31
arteriovenous, 26 298
pottacaval, 28-31
and portal stem Ligation, 274
portasysternic, 28-31
speaes differences, 30-31

Anesthenia

1n autoperfusion, 277 279 291 292

and blood pressure, 175

#nd porepinephrine, 176-178
ether, and precooling, 83-84
morphine, 37 146
pentobarbstal, 146

and ferntin, 218

Antibiotics
action 100
and bacteril mjectrons, 38-41 31
o4

fecal suspension, 89 50
tissue mash, 49 52
and choline free diet, 139
1n hepatic 109
and irradisticn, 67
and ty 3741 52
in ischemu, 270
nonantibiotic effects, 138
and tonuts, 83 83
Pnﬁm for solders, 77

and early or late death, 78

hemorrhagic, 38-39 97 98
induction, 83 83

test, 11 vitro 130

:pcuﬁcdoagu,mdrspomcs,

Teble 11
se¢ also Aurcomyan, Neomyun,
Penscillin

Antibody 62 64 217
Antigen, 62 64

319



320

Antrserum, 115 249
Agstitoxin, 49-50

Aorta

bactersa incrdence, 40

collateral arculatyon m surgery for

301

and pertal vewn resestance, 31
Apoferniun, 239 241
Arrhythmia, #ad hypothermis, 264
Arsenuc possoning, 298-299
Arterenol vascular

I{Eph:nc, 316

shelets] muscle, 195 200

and threshold concentratrons, 193-
195 197

Arterroles
crtical closing pressare,” 203
and di line, 232
and e, 198 312
and ferntin, 203
and histamuge, 202, 204 205
mesentenc pancreatc, 2%
narrowing 13
31
terming! 193-194 198 203

Artery
femoral, 1n shock productsen, 37
hepatre, 16-20
drupage in splanchnic bed 11
hemorrhagic shock, 13-19
and [rver blood volume, 27
oxygen utilration, 20-23
pressure 16-19
24
vasoconstniction and narrowing, 12
13
Arthritis, vascactaty 212
Asthma, vasoactraty 212
Atro
blcp:gfng pattern sfter 160
blocking actions, 154

comparson with dibenzylme and
hexamethenum, 157 160

Shock and Circalatory Homeostasis

Atropine—Contd

varations with dosspe and time,
154-153
1n drum traoms, 154
m graded hemorrhage, 157 158
Irver metabolism, 163-164

Aureomyan
and blood loss, 111 146, 230
cearm 112
1nd Gbensglane, 166167
and drum traema, 104-108
with chrontc feeding, 103
effectiveness
chi-squared test, 109
dosage, 104-105 303
nactivated,” 129-130
wtraportal, 110
wtraventous, 107
partal, 145
tmmung factor 107 108 234
17 12450 and s 1520 117
and fernitin system, 103-117
mn st0n

reustant orgamsms, 146
n shock, 138-139 147 253
¢, 98 107 110 139
Leaay 130
tourniquet, 93 147
and survreal, 138-139 253
and wlerance, 98

Autoperfusion studres, 279 288-297

B
Bacillus
proteus, 39 41 66
subtilis 66

Bratraan
nonibsorbabedity 93
sunnal after 94
and transfusion irreversibidity
Table 1T



faciltation of growth, 138
heat labile activity 63 65
(ngxypotmsm germ-free nat, 124
an 79 80
1od hypothermuz,
In beef broth, 3860
10 blood, 38-41
feaal snspensions, 89-90 139
1n 1njured muscle, 93 96
10 lymph cuiture, 93 96
1n tisue mash, 44-%1
mjection of
wtrapenitoaesl, 4347 49.51
travenous, 48 79 97
1nvaston of
43 continuous process, 93
envionmental and genetic factors,
123

in lethal shock, 133
and lrver blood flow 130-131
and properdin, 63-69 97
and zymosan, 63
in shod.
cell serum, 60
factors, 37 100
10 cacly sad late deaths, 77
and evolution of syndrome,
119 130-131
hemorr Table II 47 133
after adrenalectomy 121 123
susceptibility 79 128
toxun
panlysts of arculation, 37
senstvity 33 56
uptske, 44, 49-36

Index 321
Bacterla Bacteris—Contd
dn.i?um from gut, 96
passage mate, 131 transfusion, wrevensible, 37-41 43
sntiluotics. See Antibrotics 47 139
;}n:od dum\cc: “ see also specific bacterum
after hemorrhage, 131
i iny © Banthiae, 179-181
cell ingestion, 60-61 Beef broth, 58-60
contamuntots, 41 121 Bladder unnary 193-195
brp’rsocrm 39-60 Blockade
EEG n 6377 adrenergic, 163 167
tissue damage, 39 41 43 drenocortical, 184

1utONOMIC DETVOLS 178 180
Erncgﬁomc, 151 154, 157 160 166
3 cycle, 299-300

Blood
anttomic pathways, 25 28
bacteria, inadence, 4041
and clearsnce, 45 48, 131
hepatic venous
and carduc outpat, 226
axygen satorehon, 21
loss  Ser Hemorrhage

axygen wlration, 23
poom posttransfusion, 18
portal, 226

hyperemia of low 16-17

samples
asmy of hypertensire 196
bioassay of random, for vaso-
acity 211 212
xcqmstx;uou, 1n splanchate viscers,
22
storage, 10 portal and Iiver beds 226
thiopental sodrum evels, 280
transfusron
of fresh, and toxin uptake, 36
granulocyte and total count dur
ing, 43 s -



322
Blood—Contd
hyperemta of portal vein flow
16-17

levkocyte survival $637
10 standard shock procedure, 38
sustenance, artenalized bver 299
tame factor 1n shack. 7879
transfer of ferntin effects by 206
“transvanation  of | 108, 313
and dibenzyline, y;::?hn
vexsels
anatomic descriptien, 26
and lymphatic nels of alunen
tary canal, 313-314
splanchmie, 10
systems named, 11
viscosity and sesistance, 90
volume
anatormc description of changes
6

2
and artenal blood at arterral pres-
sure, 293 296
and cold acchmatzation, 303
defiaency and artenovenous dif
ference, 92
equilibnum fevel, after infuston,
132
n free rat, 122
mfet:;m blood fow 132
measurements, 24 25 314
reoration 6
and heparnin, 62
iereversibulaty factors, 137 138
and dibenzyhine 135 136
169

and GD 131 232
speates difference, 169

Bowel Ser Gastrowntestinal tract

Bran
ol ement i shock, 90 260
shunt 1n, and ardiac output, 269

Broochtis vasoactivity 212

Shock and Cireslarory Homeostasis

Bum

blood flow
1n eatly period, 132
of Trver and cardisc output, 276

and collordal chromu phosphate dis
d mmpm*:r?z

and po! ne, 187

shock, arculation 1nsufiaency 91

C
Cancer vasoactvity 212

Capil
o
anatorme descnipion, 27
humona! factors 10 detenontion,
1ot
arculaton, i hypotension, 11 (2
petechis] hémorrhage, 112
of renal medulla, 1n hepatwe fulure,
276

rate

nm, and cortisone, 211 213
and protein complex, 63

Carbony] wron, 243 247 249

Cardwovascular system, 1o sbodk syn
drome, 147
hypotensive penod, 104
and precooling, 83 84
Cat ganghonic depression, 134

Cecum
n germ-free rat
blood cantent, 122
after hemorrhapic shock, 170
wall thinness, 121 122 124
trauma, and surcoyan, 112

Celis

bactena
mgestran and destructson, 31 60
npury by 59

direct action of aurcormyan on, 116

fupfler
metabolism, phagocytosn, 131
separation (rom parenchymal 246

150



Index

VDM imnactivation, 247 249
ser also Macrophages

Chloramphenicol, Table I1
Chlotpromanne
ardne muscle, 262
douge, 254, 236 239 261
and bleeding volume, 262
1nd procedures, 234
fimtng, 257
pretreatment with, 1n dog and 1n rat,
133
10 shodk
dnm, 269
bemorthagic, #nd  hypothermn,
259 306
syadrome devel, t, 123
and MUF:;: 126, 253
262 267
temperztures, 260 262 263
body 260

Circulthion
ﬁdmmal' 184
aurcomyain, 111 113
bacterna transmussion from doaor 32
bowel 11 12

i entena for shodk, 11
und burm, 132

shodl, 91
apillary
and dibenzyline, 232
ind G-D 131 233
petecnal hemarrhage, 112
mfmnou, in hypotensrve epsode,
1

cerebral, shunting, 269
tfter adrencrgic stimulus, 183

“pomibve and “negative  causa
tion, 134 136

323
Girculanoa—Contd
ollareral, 272, 301

concentrations 1n, and routes of ad
muustraion 199-200

and dibenamine, 169 170

and line, 161 181 232

and eptocphrine, 167

flow control, 1n hemorthage, 11 32

hefanq 732
n acute blood loss, 1415

ischemua, 269-270 273-274
n hypotensive episode, 11
wdm funchion, 276-302
1n mesoappendix, 113
omental, 11

pheral
PCTn hemorthagic hypotension, 191
227
paralysis 37
ressstapce, 85-87 S0
and survival,

portal, 16-18 25-31
renal, 184

10 thock, 9 32
and bacterisl factor 37 100 130
131
barn, 91
defimtiens, 11 37
hemo: c, 1213 99
and ermis, 88
hypovolemc septic, 83-87
and tolerance, 39 83

usion, 83

toarmquet, 59
splanchnic
and cardiac 1415
and hemotr 9-11 15
recovery crucial factor, 225 226
Cirrhosis, of Irver
and antibiotics, 139
and susceptibility to shock, 300-302
Clostridia
and sureomyan, 139
with flud 97

blood dearance, after infection, 46-
48



324 Shock and Circalatory Homeostasis

Qostndia—Contd

and G D 131 303
th 1n throglycollate, 46
gﬂdcm‘e fres

10 cultures
blood and Iymph, 38 40 43
mash, from normal and shocked
trsgues, 49 30

in leg muscles, after tourniquet
shodk, 96-97 -
and neomycn, 43 30
and polyvalcm Costnidial antrtaxin

Cold. See Hypothermia
Colloid, clearance rate study 131133

Complements 1n properdin system, 62
63

Coanective tissue, m germ-free mat,
119 124

Cortrcords, 17 OH, 180

Cortisone
and hemorrhagic shock development,
125
and properdm system, 67

Cysteine, and ferntin, 239

Cytochrome
and cthylenediaminetetraacetate, 244
and oxidatron of epinephnae, 251

D

Desoxyeorticosterone and blood pres-
sure, 180
Dextran, in properdin system, 72
Duabetes, vasoactimity 212
Dibenamine
and bleeding volume, 126 170
in Guinea pig, cardac muscle 302
303

Dibenamine—Contd

and stress m adremalectomized, 180
formalm, 182
tourmquet shock, 162

Dibenzyline
n arenal rats, 153
dosage and effectiveness

difference, 133 170
standard blocking concentration,
230
and time schedule 163 170
and drum trauma, 156 171
after adremalectomy 161
Noble-Collip 152 153
and epincphring, 151 133
and G-D 131 231233
and hemorrhage, 153 156, 163-166,
246
bleeding patterns, 126 160
and hepatic ferntin system, 139-164
171 243 243
and tron release into plasma, 246
and lever metabolsm, 163-164
1nd mesoap,
direct application, 165
pcmstcnrc of response, 232 233
preventicn
of congollcm and blood “trans-
vasation 313
detenoration, 161 162
and shock, bemorrhagsc, 231 233
syndrome development, 125
speaifiaty of actron, 188
and sulfhydryl compounds, 166,
187 1B8 230
and VDM 161 163-163

Diammarol and prothrombin, 42
Diphtherodds, incidence, 4041

D':%rmﬂmmuz:d. 173-181
and atropene, 180
and aurcomyan
decompositron after death, 146

miraportal 113



Index

Dog—Contd

bactera

atrity and antibiohex, 3741,
51 146

inadence
1n blood and Iymph cultures, 40
in cultures after death, 41
n tssues, 10 life and after
death, 39 46, 127

1mjection 454

tion, 45-49

et

and wreversibiity to transfusions,
37100
bactenicidal potential versus 1o rat,
97

1nd banthine, 175-181
blood clearance, 4549
of collosd, 131 132
half-tbme of removal, 131 133
blood pressure, 170-171 173 175
177

and chlorpromanine, 133
Ceveland 141
dexth, camsative factors, 51 52
and antibrotics, 38
10d appesnance, 77 79
10 septic, 108
and dibenamine, 168 169
snd dibenryline, 169-170 243 245
ickd fistula, 273 278
hnne, 168 202
mm us muscle, 173 175
144 143
hemorthagic redease of iron nto

lasma, 246
f;mh?& ferntin system, 243 243

findings after death, 297
insufhaency and thiopental levels,

280
ischemlc, necrosu, 283 288
acinar agglomerstes, 288
concentratron, 44
and inephrine, 167 175 177
Domnl.w 141

323

Dog—Contd
plasme {ron-biading capactty 240-
245

plethora production, 316
properdin levels, 72 75 141 233
nicng greyhounds, 141 143
Rochester 141
shodh
bacterna! factor, 37 56, 97
hemoconcentration, 85-87
173
hemorrhagic, 242, 299
sad hypovolemic, 89
blood flow 9-32
ireversible, 37 100 167 242
end precooling, 83-84
survival, posttransfusion, 96
tolerance, 37
nre, 144, 146
tetruethylammonium, 154
tissue mash, 44 49-31
tonrniquet application 96

Drum resstance, 69

Drum trauma

and atropine, 152 154, 137 138

and surcomycin, 103-118 127

blood pressure 1n, and gut coages-
tion, 314-313

and chlorpromenine 269

and dibenrylme 152 153 156 161
171

20d bepatic ferntin regulating sys-
tems, 161 162
and hexamethonium, 152 154
Noble-Collip 152 153 156
resistance  development, and to
shock, 127 138 -
splanchnic viscera congestion, 136
time mterval 1n deaths from, 317
and VDM metabolism, 161

173-

E

Ed fistula
and arterialized lver 315
and sutoperfusion. 278 294-296



326
Ed fistula—Contd
and hepatic srtery Iigation, 273 294
296

ead hepann, 275
for hepatic coms induction, 273
and necrosts, 282 294
hemotrhagrc, 292
schemue, 288 294
indicatroas for 271 293
and plasma pentothal levels, 281
ures for 294
stages, 274-275
Endotoxios
and polymorphonudear leukocytes,
56
and resistance or tolerance to shock,
127
hemorrhagre, 126
and serum properdin levels, 68-70
tumbling, 71
Enterococa incidence, 39 41 125

system
direct action of sureomyan, 116

during bectetia destruction, 43
and hypothermua, 77 81-82
of biver o wereversible shodk, 39

Epilepsy vascactinity 212

Ep‘mn, 113

blood 167 170

deaths sfter nfusion termunation,
168

and ling, 151 153

and ferritin, 208 217 218, 243-244
1n hepatrc arteties and valves, 222
223
and Irver ldlv'ljfy 31 .
after adrenalectomy 1
:P‘-‘fm 245 230-251
sensitivity to, 112 165
stimulation of carduc muscle 302
and vasoacticity
whibitron and potentiation, 193
202 20%
Iymphanc 311 313 316317

Shock and Cirewlatory Homeostasts

Eptnephnine—Coatd

mesentetic, 316-317

1n random blood samphing, 212
1n skeletal muscle, 312 313
and threshold concentrations,

193-194

changes due to shifts or re-
peated doses, 197 202,
197

10d dosure of arterroles, or
metarterroles, 193-194
intravenous and topical valucs, 194
193

Erythrocytes
and antiblotics, 85
hemolysts by din syxtem, 67
m lmpluquﬁgﬂuﬁ
after hemorrhage, 312 313
and oorepinephrine, 86
after plasma ynfusion, 86
in shock, septic hypovolenue, 83 87
splenuc stonage, 27

Escherrchsa coly
blood clearance, 435 4749
and G-D 131 303
uidence

and sntibrotics, 38 39
in cultures, 3839 43 47~48 33
after death, 41
and precooling, 79-80
mn hmnmt epuode, 80
and cxposurse, 126
irreversible, 48
ume for 79 9294
and tolerance development
127
and properdin, 64 66
Ethylenedaminetetraacetate

and crtochrome 244
and oxidation of epinephrme 245

250
Euglobulin solubility 63
F
Ferntin

activation concepts 238, 243



Index

Fernitin—Contd

and aureomyan, 103-118
durect sction, 116
aonantibiotic properties 138
criterjon for good and bad, 221
222

denaturation, 215
side reactions, 213 216
and period of infusion 218
and dibenzyline, 159 162 164, 166,
171
and epincphnne, 195
ferromagnetic, 247 249-250
ferrous iron, affinuty for 240-243
fractions, 239-240
10d GD 183‘113‘]‘3?
bepatic re| g spstem
after adrenalectomy 159-166
after drum treams, 161 162
hyporeactive responses
duration, 214-215
to intravenous infusion, 217
n terminad shodk, 192
inectivation, 103 118
concepts 238 243
Liver aapacaty for 164 166
infusion, refractoriness 217 218
and ongin of preparation
213-217
1odoacetamide treated and ascor
bate 239
iron content, 239
1nd liver function 113-114 161
metabolic state, 162 163
oxdation reduction system, 116,
117 162 163
reactivity shift, time factor 218,
220

10 shock, 192 229-251
decompensstory tendency 224
plasma ron changes 242 243

release 114 118

transfusion transfer of effects 206

10 vascular beds
responses to dosage procedures

197 200-206
of skeletal muscle, 203 224 225
and VDM activity 247

327

Fluid
defiaency 1n shock
critena for shock definition 90
hypovolemic, 91
tourniquet, 95 97 99
loss, 10 pertoneal cavity 8687
prasage of nterstitial, 13
therapy 93 99

Formahn stregs, after adrenalectomy
177 182

Frog mesentersc perfusion pressure,
204

G

G-D 131 Ses N (2<hlorocthyl) N
(cylobexylmethyl) ethylamine
hydrochloride

Ganglwn, blockade. See  Blockade,
gaoglionuc also speafic agent
Gastromntestinal tract
anatomuc description, 26
bowel
blood retum from 11 12
and ferritin ection, 223

t
absorption of bactera and toxin
96

blood flow 170
congestion
10 drum trauma, 136 314
prevention, by EBck Futuals,
315
1n shock, 307
and dibenamine 170
and dibenzylme 136
mtestine
mesentery  Ses Mesentery
aod oxygen utidization 19 23
Iymphatic system, iz germ free
rat, 119
splanchnic bed 11
vasozctivity 1n 212

Guinez pig and dibenamine, 302
H
Hamster blood assay 196



328

Heart
function
and blood flow changes 226
and irreversible shock, 269
muscle
contractile force, duration,
302 303
and G-D 131 302
and norepinephrne, 302
output
and antibrotics, 85
and blood flow 91 226
n burn, 133 226
and chlorpromazine 269
and epinephnine, 167
and ether 83-84
and hypothermu, 83 84
and liver blood flow depression
226
end norepinephnine, 86
and plasma iofusron 86
and pulmonary artery spasm,
133

and shock, 83-84
hemorrhagic, 88
hypovolemic septic 85-86

after shuat 269

20d size of body 88

vasoactivity 1n discases of 212

Hematocnit
of arterial blood 31
concentration
and resutance, 135
1a shock

after adrenalectomy 173 175
and antibiotics, 83
and norepinephnne, 86
and plasma infusion 86
after precooling 85 87

of femoral blood 31

hepatic venous 31

of large vessels, 31

of peritoneum, tn plethora, 316

of portal blood 31

Hemodynamics

and znatomsic complexities, 31

of cellular responses to bacterna,
39

and precooling 84

Shock and Circulatory Homeostasis

Hemodynamis—Conrd

10 septic tonitis, 83-86
n sh(l:d: pen -
hemorrhapic, 84
cardiovascular 84
respiratory 84
splanchnic 16-32
hypovolemic septic, 83-87
systemic, 9

Hemorrhage
and arteralized liver 299
and stropine, 160
and banthine 179
bleeding pattems 111 146, 160
and blood pressure 16-32, 82
ceal, in germ free rat 122123
and chlorpromazine 236, 259

260

crculatory adjustments to 11 3*
omental 11
with time, 14
and clezrance of bactera or
collod 131
and corticosterord output, 181
and dibenamine, 169170
and dibenzyline 126 135 156
160 165 166
graded 168
and hepatic blood flow values
1213
and hexamethonium, 160
bypotensine. See Hypotension, hem
orthagic
and hypothermua, 76 79-81
leukocytes in Iymphatics 312
and mesentenc resistance 16-18
petechual 112113 157
in capiliares 212, 313
and endothelal venules 112 113
sensitivity after 33
and aftec adrenalectomy 177
and splanchaic flow 9
vasodilation after 10
volume of loss
and arculatory stress 170
and fud volume 1213



Index

Hesoarthage—Contd

replscement, 83-86
2ad shock development, 16

Hi n
c;;:cfilalcx:tvtl volume restoration, 62
interaction with properdin 75

Henmetbonunm
sdrenergic and ganglionic block
g by 134 1358

bleeding patterns, 160

blood pressure, 159

comparison of effects with
atropine and dibenzyline,

157 158
Hutamine
dual effects 1n pecfusion studies
202 203
and epinephrne, 193
and £ reactivity 197 201
202
and dosage, 206-207
Hormones

rdrenal, and hemorrhage 184
norcpinephrine sensitrvity 177
183

steroids, and antonomic schvity
181

Humorl factors, 191 227
Hypectension
renal, 183
vuoctnaty in, 212
Hypotension
and arteralized liver 294-295
299

stonic distention of venules,
112113

and al;i‘comymn‘ 97 112114 117
1

snd ;:iood pressure, 12 242 243
3

10d blood replacement, 43
transfusion for 112113

apilary stagnation 1n 11

and ;hﬁ;arpromz.me‘ 126, 238

329
Hypotenston—Contd
and arculation, 1n carly and Inte
stages, 1112

and dibenzyline, 161 163 165-166
and dicumarol, 42
and G-D 131 236
hemorrhagic, 42, 97 114 161 163

165-166, 236
hepatic res, 17 236
and renal vasoactrve factors
114 236
induction period, and survival
124, 146p¢

oxygen utiization, 20-25
end peripheral arculation,
191 227
peteciual hemorrhage after 157
and prothrombin conversion
factor 42
and hypothermus, 76, 79 81
shock, 161 163
and venous return from bowel,

11
and splanchaic blood flow 1012
20-25
tolerance, 76-77 97 126 238 267
white cell count 4344

Hypothermua
acchmatizstion  303-307
after adrenslectomy 177
and arrhythmus, 264
and bactenaidal factors 37-41
mechanism, 75-80
biologic adsptation 266
and cardtovascular dynamics 84
and chlorpromanne, 253 307
and hemorrhage, 7679 81
1ad memory 266
methods for production 78 79
254
temperatures 81
crtical, 263
ttme of cooling, 77 81 263 266
and respiratory d cs, 84
and thodk, 7678 81
solid freemng of pregnant ham
ster  263-266
and systemuc infection, 263 264



330
Hypothermia—Contd

tolerance 76-77 263 266
transfusion, and survival, 77

Hypoxn, of liver
and sureomyan 117
and blood supply 92
and G-D 131 236-237

I
Immunity and properdin system,
6277

Intestine  Ses Gastromntestinal tract
Todoacetamude, and sulfhydryl groaps
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Mentngoceccus 126
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vasoconstriction 113

vasoreactivity duplacement, 193

Metarterioles
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1n splanchnc bed, 15
tancous 10
¢ dso VDM

VDM
and arterenol, 197 198
end arterialized liver 295
artertole responses 201
1nd atropine, 164
wnd sureomyan, 114, 127
blood content 114, 127
and dibenzyline, 161 163-165
end epincphrine, 193 197 198

200

and fercitin
activity test, 163
infusion, 218 219
and GD 131 231
and hexamethontum, 164
Jocs! production of hike sustances
223

and parenchymal cells, 249
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