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THE JOSIAH MACY, ]JR. FOUNDATION
CONFERENCE PROGRAM

As AN INTRODUCTION to these Transactions of the Second Conference
on Shock and Circulatory Homeostasis, I should like to outhne what
it 1s that the Foundation hopes to accomphsh by its Conference
Program We are iterested first of all, i furthesmg knowledge
m a particular field, 1e, shock and circulatory homeostasis, and to
this end the participants were brought together to exchange 1deas,
experiences, data, and methods In addition to this particular goal,
however, there 1s a further, and perhaps more fundamental, aim
which 1s shared by all our conference groups This 1s the promotion
of meaningful communication between scientific disciplines

The problem of communication between disciplines we feel to
be a very real and urgent one, the most effective advancement of
the whole of science bemg to a large extent dependent upon it
Because of the accelerating rate at which new knowledge 1s ac-
cumulating, and because discoveries m one field so often result
from mformation gamed in quite another, channels must be estab-
lished for the most effective dissemmation and exchange of this
knowledge

The 1ncreasing realization that nature itself recognizes no bound-
aries makes 1t evident that the continued isolation of the several
branches of science 1s a serious obstacle to scientific progress Par-
ticularly 1s 1t true mm medicine that the himmted view through the
lens of one disciphne 1s no longer enough For example, today
medicime must be well versed m nuclear physics because of the
tracer techmiques and the mjury which can result from radiation
At the other extreme, medicine 1s certamly a social science and,
through mental health, must be concerned with economic and
social questions The answer, then, is not further fragmentation
mto creasingly 1solated specialties, disciphines, and departments,
but the integration of science and scientific knowledge for the
enrichment of all branches This mtegration, we feel, can be encour-
aged by providing opportunities for a multiprofessional approach
to given topics

Although the fertihty of the multidisciphne approach 1s recog-
mzed, adequate provision 1s not made for 1t by our umversities,
scientific societies, and journals And perhaps the presence of other

ird



8 Shock and Circulatory Homeostasis

hindermng factors must be admitted Partly semantic m nature, they
may also to some degree be psychological. Admittedly, 1t 1s often-
times difficult to accept data derived fiom methods with which one
1s unfamibiai. By making free and informal discussion the central
core of our meetings, we hope to achieve an atmosphere which
minmmuzes as much as possible these semantic and emotional
barrers

Thus, our conferences are in contrast to the usual scientfic
gathermngs Presentations are designed not to present neat solu-
tions to tidy problems, but rather to ehcit provocative discussion
of the dufficulties which are being encountered m research and
practice We ask that the presentations be relatively brief, and
emphasis 1s placed upon discussion as the heart of the meeting
Our hope 1s that the participants will come prepared not to defend
a smgle pomt of view but, with open minds, to take full advantage
of the meeting as an opportumty to speak with representatives of
other disciphnes in much the same way as they talk with their own
colleagues 1 their own laboratones

During 1953 under the Conference Program conferences will be
held on the following topics. administrative medicine, adrenal
cortex, aging, connective tissues, consciousness, cybernetics, infancy
and childhood, liver mjury, metabolic interrelations, nerve impulse,
renal function, and shock and circulatory homeostass.

When a new conference group 1s orgamzed, the Chairman, n
consultation with the Foundation, selects fifteen scientists to be the
nucleus of the group which will hold annual meetings for a period
of five years Every effort 1s made to include representatives from
all pertinent disciplines From time to time, however, new members
are added by the group to fill gaps m viewpomt or techmques A
small number of guests 1s mvited to attend each meeting, but, for
the purposes of promoting full participation by all members and
guests, attendance at any meeting 1s limited to twenty-five Durmg
a conference’s prescribed lifethme we cannot possibly mclude more
than a small fraction of the key investigators n the field, and one
of the difficulties 1n forming a group, such as this one on shock and
circulatory homeostasis, 1s that it 1s necessary to exclude so many
investigators we should lke to include

The transactions of these meetings are recorded and published.
This 1s done because the Foundation wishes to make current think-
mng in a field available to all those working 1 1t, and to those in
other felds who are concerned with science, for example, govern-
ment officials, admimstrators, ete. Logic 15 a vital aspect of science,



Conference Program 9

but equally essential 1s the mtuitive or creative aspect Reseaich
1s as creative as the pamnting of a portrait or the composing of a
symphony Although logic 1s, of course, necessary in order to re-
arrange, to test, and to validate, research thrives on creativity which
has 1ts source m unconscious, nonrational processes Unfortunately,
however, 1n the research repoits which are presented to the woild
m scientific journals, this integral part of scientific endeavor 1s
shiiveled by the cold, white light of logic By pieseiving the infor-
mality of our conferences in the published tiansactions, we hope
to portray more accurately what goes on m the minds of scientists
and to give a truer picture of the role which creativity plays m
scientific research

Frank FrEmMONT-SMITH, M D,
Medical Director



INTRODUCTORY REMARKS

EPHRAIM SHORR

Charrman

I AM GOING to ask each person, not only for the sake of the readers
but for the sake of his friends here, to identify himself and to tell
us just why he 1s mterested 1n the field of circulatory homeostasss.
In the past, we have been extraordmanly cryptic m our biog-
raphies, and perhaps our readers would have liked to know a little
more If I may ask you to overcome your natural shyness and
modesty, and regard 1t as a service to assist the public in learning
what 1s responsible for the evolution of a vascular physiologist, I
think the Josiah Macy, Jr Foundation will be pleased, and also we
shall all know each other a Iittle better

MELVIN H. KNISELY: A number of individual men and specific exper-
ences have had a great deal to do with shaping my habit
patterns and character My father, Samuel H Kmisely,
was the first person and one of the strongest influences
When I was a small boy, my father took me on many trips
by rivers or lakes or through forests We usually carred
arifle Constantly, he said to me, “What do you see, Son?”
And after I had told him what I saw, he said, “What do
you think about 1t?” That established a hfe pattern of
always observing and always wondering what the observa-
tions meant Not until I was studying pathology under
Prof Paul Cannon at the Umversity of Chicago did I
agamn come under the hand of a man who msisted upon
the separation of observations from deductions Obviously,
a sharp, hard separation of observation from deduction
1s a major part of the scientific game And, owing to this
early period with my father, I grew up with that habit
pattern established

A high school teacher, a Mr Tenhaven, taught me
physics, making 1t utterly delightful, intriguing, and fas-
cmatmg He taught physics by having us work with equip-
ment, simultaneously learning the prmciples mncorporated
into the design of the equipment, and thus, without know-

10
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mg 1t, I became consumed with the idea that a machine
has to be constructed m such a fashion that its parts can
work Each and every machine must be so constructed
that working in cooperation, the functions of the machine
will be carried out

For three years, I myself taught elementary physics in
a high school, and at the end of that time I was thoroughly
grounded m almost all Newtonian physics Consequently,
when I entered medical school at the University of Chicago
m the fall of 1930, an astomishing thing happened The
anatomical courses were loaded with Latin and Greek
terminology The 1deas presented were largely embioid-
ered with deductions conceining how the parts of the
body might work, or how 1t was seriously behieved that
they would work Much to my astonishment, the 1magin-
mgs had largely been done by men who obwviously did not
know even elementary Newtoman physics This meant that
the harder one studied, the farther one’s mind travelled
away from understanding 1eal functions as they must be
carried out m order to have the machime work If one
believed the physics, so carefully constructed for four
hundred years, then one could not believe great masses
of maunderings which cluttered lectures and text books.

Shortly, then, under Professor Robert R Bensley, I began
studying living mternal organs, transilluminated so that
mucroscopes could be put over the organs and their archi-
tecture, and behavior, and responses seen while they were
ahve The observations made while studying hiving struc-
tures are quite different than those made when the tissues
are dead For instance, every living structure has living
dimensions Capillaries have length, they have diameter,
the flow through them occurs at finite rates. None of these
dmmensions ever shows up in dead tissues Thus, because
the physical dimensions of parts are even today almost
completely unrecorded, it 1s quite impossible to bring to
bear on problems of microscopic physiology the whole
great world of mathematics and physics, a world which
functions only mn terms of measurements and mampulations
of measurement Cunously enough, 1n all histology there
are almost no recorded dimensions, that is, no dmmensions
measured and recorded n terms of what a physicist would
call dimension Almost the only dimension 1 histology 1s
the diameter of the red blood cell
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The frustration of conventional histology and the urge
to learn how the microscopic machinery of the body oper-
ates led me mto the hands of a number of the world’s
great teachers It is a privilege to give tribute to them.
Specifically, I would mention R R. Bensley, George W.
Bartelmez, Paul Cannon, Normand Hoerr, Paul Brandt-
Rehberg at the University of Copenhagen, August Krogh,
Victor Johnson, Ralph Gerard, Anton Carlson. Each of
these men contributed knowledge, attitudes, habits of
thought, and, above all, insistence upon separation of
observations from deductions and upon the maintenance
of a rigorously critical attitude toward one’s own work.

HANS H. USSING: In recent years, I have been mostly mterested m

the study of the permeability of living membranes, using
1sotopic tracers. Since the capillary wall 1s one of the
mmportant membranes of the organism, and since 1ts func-
tion 1s intimately related to the phenomena of shock, I
am very pleased mdeed to have the opportunity of attend-
ing this meeting,

OTTO LOEWI: As a youngster, I was not at all interested i medicine

or the medical sciences, but only in art My parents, how-
ever, did not consider this study of art to be promising
for making a lhiving, so I switched to medicine at the
University of Strasbourg I was fortunate enough to find
there as my teachers persons like Naunyn, Mmkowski, and
Schmiedeberg

I was never aware how it happened, but during my
fourth year m medical school, I deaided suddenly to do
some research work m the laboratory of Schmiedeberg
He gave me as a topic for my thesis the study of the influ-
ence of hydrocyanic acid, phosphorus, and arsenic on the
frog’s heart After my graduation m 1896, I worked for a
year m organic and organic chemistry, and for six
months m biochemistry with the famous Hofmeister Then
1 went to Frankfurt on the Mam to be an assistant to
von Noorden in the city hospital for a year and a half
Meanwhile, my interest in physiology had arisen, and I
turned to pharmacology as drugs were known to be fine
tools for the approach to physiologic problems I had the
good luck to be an assistant to the great Hans Horst Meyer

for a period of ten years

/£ -
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Durmg my long career, I have never published a paper
on the effect of a drug unless 1t would add to our knowl-
edge of physiologic functions I have always considered
myself a physiologic pharmacologist o1 a pharmacologic
physiologist, whateve:r term 1s preferied

BENJAMIN W. ZWEIFACH- I suppose I have always had a distorted
view of the circulatory apparatus, peeimng at 1t from the
bottom of the ladder through the eyes of the disciphne of
cell hfe, protoplasmic structure, orgamization of cell sur-
faces, and permeability of membranes While working
under the shmulating mfluence of Dr Robert Chambers,
he suggested as a thesis problem the application of micro-
manipulative methods for a study of the Rouget cell.
Having once been ntroduced to a new and completely
fascmating world through microscopic visualization of the
circulation, I have smce remamed ntrigued by the delicate
mterplay of mechamisms which set off the capillary bed
as a discrete functional entity We became interested
m the relation between the nature of extracellular coats
and permeability of orgamized membranes, such as the
capillary wall, and suggested a theory of capillary perme-
abihty which has stimulated considerable nvestigation
along those hnes With the onset of World War II, we
were diverted into studies of the circulatory changes dur-
mg shock, with the purpose of shedding lhght on the
so-called “toxic factor,” much publicized durmmg World
War I by Cannon and Baylis The rat meso-appendix tech-
nique was a direct outcome of our efforts along these lnes.
Following World War II, several forays were made mto
the peripheral circulatory changes 1n other disease entities,
such as hypertension My present interests aie along the
lines of filling the lacunae m our knowledge concerning
the basic aspects of capillary physiology, especially the
complex mechamsms concerned with the local regulation
of peripheral blood flow

MARK NICKERSON I am here because of an extremely dry summer
m 1935 1 had been working in the logging camps and
mulls of western Oregon, with no real expectation of gomg
to college, but after being out of work for almost the
entire summer because of the fiie hazard, I decided to go
back to school I enrolled at Linfield College and had the
good fortune to come under the mfluence of a relatively
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unknown biologist by the name of Macnab, who, I believe,
1s one of today’s outstanding teachers of biological science.
In spite of a very small department and poor facilities,
his personal enthusiasm for the subject led a majority of
his students to undertake graduate study in the field

My first graduate work was 1n msect physiology and
biophysics, and from this I went mto experimental em-
bryology. Fnally, I entered the field of pharmacology,
partly as a result of experience in the Chemical Warfare
Service but particularly because of contact with two of the
most stmulating men 1n the field, Goodman and Gilman

My current interests are 1 the autonomic nervous
system and m the effects of drugs upon this system, par-
ticularly with regard to their specificity of action In the
field of autonomic pharmacology, as m many others, a
great many experiments are nusmterpreted because atten-
tion 15 focused, purposely or fortuitously, upon a smngle
action of a drug, with no recognition of the fact that none
of the available pharmacologic tools 1s really one hundred
per cent specific in its action Consequently, I have felt
that 1t 1s necessary to obtamn more mformation regarding
the pharmacology of the autonomuc drugs before the
results of experiments employmng these agents can be
adequately interpreted in terms of the physiology of the
autonomic nervous system

HAROLD D. GREEN: I suppose that I first became interested in physi-

ology one summer when I had an opporfumty to work
m Dr Carl Wiggers” department at Western Reserve Uni-
versity After fimshing my medical school and hospital
work, I was mvited to go back with Wiggers for a period
of time, and I liked 1t so well that I stayed with him until
1945, when 1 went to my present position

One thing that Wiggers was very much imterested 1n,
of course, was the study of circulation, usmng pressure
measurements It did seem to me a bit difficult to make
many interpretations of a system i which fluid was cir-
culating, based solely on pressure measurements, and I
felt that one should try to combme flow measurements
with 1t, if possible In 1939, I was able to spend a year
at the Massachusetts Institute of Technology A good bit
of ttme while there was devoted to the Departments of
Hydraulics and Electrical Engmeermg, where I picked up
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some 1deas on flowmeters, which Dr. Gregg and I were
subsequently able to put mto use When I returned to
Cleveland, we used those techmiques m studymng blood
flow m shock

At Bowman Gray, we have been studymg particularly
the hormone factors that regulate the blood flow mn the
various vascular beds

FRANK L. ENGEL My mam areas of mterest are mn the endocrme con-
trol of metabolism and the metabolic response to mjury.
My mterest m the shock field developed quite accidentally
through the process Walter Cannon has called serendipity.
When I was a National Research Council Fellow m Dr
C N H Long’s Department of Physiological Chemustry
at Yale Umversity in 1941, I was working rather enthus:-
astically on a problem concerning the role of the adrenal
cortex 1n the regulation of the metabohsm of amino acids,
carbohydrates, and certain carbohydrate mtermediaries,
particularly lactic acid and pyruvic acid In the course
of carrying out these expermments on adrenalectomized
amimals, I noted some interesting and striking changes 1n
the levels of ammo nitrogen, lactate, and pyruvate n their
blood, which at first I attempted to relate to endocrine
mfluences After domg this for some months, I began to
wonder whether the frequent sampling for the multiple
blood chemical analyses might not be nfluencing my
results Hence, I decided to do some proper controls,
taking an equivalent amount of blood from normal am-
mals to make sure this was not responsible for the results
I was getting In so domng, I discovered that what I
thought was the effect of the adrenal cortex on these par-
ticular metabolites was actually the effect of hemorrhagic
shock Having a very wise and understanding chief, I was
encouraged to go ahead and look at these changes rather
than to try to figure out how to do the experiment i the
proper manner to get the answer that I was nitially
looking for From those original findings, there began the
group of studies on the metabolic changes 1 shock which
were expanded considerably i the Department of Physio-
logical Chemustry at Yale n the following years, stmu-
lated by the war The first report of this work, incidentally,
was at an early Macy Conference on Shock i 1943 *

*Conference on Intermed: Metabolt S
Nov 2, 1943 (Privately di.g?i’but:d% ohom 11 Shocks held 1 New Haven, Gonn,
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Smce leaving Yale, I have done very lhttle in the field
of shock except for a renewal of interest m certain aspects
of 1t about a year ago, which I shall discuss later. I have
been more mterested in the early metabohc response to

mjury

GORDON K. MOE. I started on the cardiovascular system as a first-

year graduate student, under Maurice Visschei, and never
got away fiom 1t Without saymg anything more about
my own caieer, I should hike to remark that Dr. Engel’s
statement about his mmadvertent entiance mto the shock
problem at Yale reminds me of a cartoon which 1s posted
on our bulletm board It pictures a dejected scientst,
suwrrounded by retorts, condensers, and so on The caption
says, “Poor boy! After twenty years of work, he finally
found the answer, but now he has forgotten the question”

EUGENE A. STEAD, Jr. I suspect I am here because m 1936 Dr Soma

Weiss spent twenty-four hours m the General Hospital
m Cmcinnat;, where he looked at a lot of ill people.
He was nterested in how the circulation worked 1n those
people and how 1t related to thewr symptomatology and
their eventual recovery or death Under lis gumidance, in
subsequent years, I became nterested m circulatory prob-
lems, an interest that has continued until the present

DICKINSON W. RICHARDS, Jr. The group I work with arrived at the

stuady of shock more or less by a side-door approach
Having picked up the European techmique of cardiac
catheterization and developed 1t to some extent, we were
usmg 1t for other purposes when the war came along. It
had some application to the problems of shock, so we went
to work on that The technique has added certain measure-
ments to the study. I am not sure 1t has solved any funda-
mental problems

STANLEY E. BRADLEY- My mterest in the problem of shock was mspired

by work with Dr Richards and the Shock Team at Bellevue
Hospital

EWALD E. SELKURT: My first interest was generated by association

with two grand men 1n the game, Dr Meek and Dr. Eyster,
at the Umiversity of Wisconsin where I was a graduate
student. And I might add hastily that I went mto physi-
ology to make a hving I entered Dr. Homer Smith’s
laboratory at New York Umiversity, where my interest in
kidney physiology was generated and under whose teach-



Introductory Remarks 17

mg and guidance I learned enough about the kidney to
begin investigation and research n this field. I went to
Western Reserve in 1944, during the war, and came under
the great stimulus of Dr. C J. Wiggeis, who has been
mentioned alieady by Dr Green. He encouraged me to
investigate the problem of kidney function m shock, which
brought me mto the field which this group 1s presently
mterested n ' With that, I made certamn other investiga-
tions m the field of shock, and since the war I have con-
timued on the problem of autonomy of circulation m the
kidney, the physical factors and neurogemc factors m-
volved, and, most recently, the influence of hypoxia on
certain aspects of kidney function.

GEORGE E. BURCH I have spent all my postgraduate hfe mn studymg
the circulation, primauly the circulation of man In recent
years, the problem of sweat and sweating fiom the finger-
tips of man has led us mto the use of 1sotopes to trace
electrolytes 1n normal and abnormal states of fld balance
At the moment, we are working primanly with 1adioactive
1sotopes I have been wondering why I was mvited here
since I have never worked on shock, probably because

of the lack of a good 1dea.

RUSSELL M NELSON. My traming and nomenclature labels me a sur-
geon, Under the mnfluence of Dr Wangensteen and Dr.
Denmis, I became nterested in the physiologic aspects of
what happens to patients undergomg surgery. In attempt-
mg to develop an artificial heart and lung mn the laboratory,
we saw shock, and that 1s where the story began

I think the Macy Conference 1s a good place to air
problems encountered mm shock, because the academic
disciphnes of medicine, physiology, biochemistry, bac-
teriology, and immunology are man-made The body makes
no such distinction, and I find myself mvolved m these
various disciplines 1 the studies that we are doing

JOHN W. REMINGTON As a budding endocrinologist, I came to
Princeton some years ago In our study of the adrenal
cortex, we were mmpressed with the strong resemblance
between the circulatory events seen in adrenal msufficiency
and those reported for shock as seen in normal animals
That, with the impetus of the war years, led to a study of
several different shock states, particularly directed toward
the possible therapeutic use of cortical hormones
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Then I went to Georgia, where Dr Hamilton taught me
how naive my concepts of circulatory function really were.
The philosophy of his department 1s that even mn this most
worked-on field of physiology, hemodynamics, many of
the fundamental precepts that we teach the students and
use mm guiding our own thinking are based on msecure
evidence We have worked on shock not as an end m
itself but i the hopes that such a study would shed Lght
on the basic mechanisms by which the circulatory appa-
ratus works.

G. €. cotzlAs: I was born in Greece, where people look upon

research as something that only the Gods on Olympus
could undertake In other words, they have a very pro-
found respect for 1t and regard it as an activity requiring
special mental and physical equipment

I am 1n a sense a war profiteer, because when the war
came I was chased out of Greece and found myself on
the way to the United States Luckily, smce no other
medical school would have me, I went to Harvard and
there met Dr Joseph Aub He took me under his wing.
He kept telling me that research, the creation of some-
thing that did not exist before, 1s just about the greatest
1deal there 1s. He sent me to Dr Van Slyke, at the Rocke-
feller Institute Anybody who knows Dr Van Slyke can
understand how a man would become diverted from wish-
mg to be a surgeon to becoming a full-time research per-
son I now work with Dr Vincent Dole at the Institute
The problem of shock 1s not within the realm of our work.
Our department 1s concerned with hypertension, which 1s
just a type of disturbed homeostasis

RAYMOND P. AHLQUIST: I got imnto pharmacology mm a umque way. I

went mto 1t because I liked it I am one of the few who
deliberately set out to become a pharmacologist As the
first graduate student'in Dr J M Dille’s Department at
the Umversity of Washington, I was there even before he
came to take 1t over

My first job was at South Dakota State College There,
among other subjects, I taught pharmacology and pharma-
cognosy, chmcal methods, toxicology, and nurses™ arith-
metic. On the side, I was pharmacologist for the State
Experiment Station, which at that time was mterested n
growmng Ephedra, the plant, as a potential source of
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ephedrme From a large field I gathered, dred, and
ground Ephedra plants. I extracted and purified the
ephedrine and tested 1t in ammals. Thus I became mnter-
ested mn the sympathomimetic agents. This project ended
when ephedrine was synthesized

Then I went to the Medical College of Georgia under
Dr R A Woodbury, where we studied the human uterus
and the cause and treatment of dysmenorrhea, which
mvolved the use of ephedrine and other sympathomimetic
agents Since 1947, I have been mterested m all of the
actions of epinephrine and related compounds on pressure,
flow, smooth muscle, and other structures and functions
At this Conference, I am prepared to defend the good
name of epmephrine

GORDON E. W. WOLSTENHOLME: As Director of the Ciba Foundation
m London, I am interested in conference techmques
Through the kindness of Dr Fremont-Smuth, I am here
more to observe the mechanics of the meeting than the
mechanics of the circulation

I have one shght excuse for bemng present on this par-
ticular occasion. Several of you have mentioned how the
war forced your researches in the direction of the subject
of this meeting, and to some extent that was true for me,
too I was put in charge of a British blood transfusion
unit 1 the Mediterranean, and was in that work for
altogether five years I had people of British, and some
eleven other nationalities, coming to my umt for traming
m resuscitation, and I became acutely aware of my

ignorance in this field I hope now that you are all about
to enlighten me

JEAN OLIVER. I am a pathologist who has been interested for many
years m the structure and function not of that Platonic
abstraction, the kidney, but of the nephrons, which are
organs which we have 1solated, manipulated, and, to take
up Dr Knisely’s dare, even measured m all thewr con-
stituent parts during various states of health and disease.
Since these structures are seriously affected by the general
disturbances of shock, that explams my presence here

R E. HAIST- | am mterested m experimental shock, particularly m
the metabolic aspects of shock As a graduate student, I
came under the stimulating influence of Charles Best, so
that 1t 15 not strange that I developed an terest m
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diabetes and carbohydrate metabolism. That has been my
main interest for the last fourteen years I was asked to
work on shock, and, as quickly as I could, I turned to the
metabolic aspects of the problem

F. DOUGLAS LAWRASON: I was i the very happy but somewhat
anomalous state of bemng a hematologist studymmg elec-
trolyte and renal physiology at Yale when, in 1950, Dr.
M C Wmternmitz convinced me that there was a need for
the National Research Council to aid m the coordination
of research m the field of blood The great problem was,
and continues to be, the preservation of the red cell I
found myself closely associated with groups of mvestigators
studymng shock, particularly the plasma volume expanders,
and I became mterested in the metabolic aspects and the
circulatory dynamics of shock

ROBERT CLARKE- I was asked to go to the Army Medical Service
Graduate School at Walter Reed about two years ago,
from the Army Laboratory at Fort Knox where I was
studying kidney physiology, having been mtroduced to
that subject by Dr Homer Smuth, as Dr. Selkurt was I
was given the opportunity to orgamize a group of young
medical officers for studies of the kind of shock which the
Army was particularly interested in because of its experience
m Korea I now have several young men whose feet I am
attempting to keep on the ground, and whose heads I am
still hoping to keep i the clouds

JAcoB FINE Until World War II, I had a special mterest m the
pathologic physiology of mtestinal obstruction Shock
developing 1n mtestinal obstruction was one of the popular
subjects of discussion among surgeons When the war
started and imterest m shock rose, I felt we might under-
stand mtestinal obstruction better by studying shock I re-
read Cannon’s monograph published m 1923,* but thought
it was a httle dated Then I got hold of an up-to-date
book, published m several editions The definition of shock
changed with each edition and sounded all too pat Incur-
able shock, the book said, was largely a case of leaking
capillaries, but the evidence was scant and dubious, so
my laboratory began by testing this hypothesis. We long
ago abandoned that theory, and our interest 1s now con-
cerned with the cause of unresponsiveness to transfusion

*Cannon, W B Traumatic Shock London and New York, Appleton, 1923
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U. S. von EULER: My nterest i shock really began when Dr. Shorr
sent me the kind mwitation letter to thus Conference,
although perhaps there was some latent interest in it
before I began to get imnterested m active substances
occurring 1 the body when working with Sir Henry Dale
at the National Institute of Medical Research mn London,
m 1930 Dr. Gaddum and I had an opportunmity to see
that the active substance 1n extracts of the mtestine which
caused mcreased motility in an isolated mtestine was not
only acetylcholine, as was generally thought at that time,
but that there was also some other active substance, later
mostly referred to as substance P, which I don’t suppose
many have heard of However, 1t showed that tissues and
organs could contam specific and active substances. That
stimulated my interest, and I slowly went forward to look
for substances with sympathomimetic action

ALAN c. BURTON. I served physics for nine years, and 1t was, I sup-
pose, just an accident that I became interested in physi-
ology The physics problem that I had been given was:
Why did people get fever when they were m a high-
frequency field? This turned out to be quite easy to solve.
The domng of 1t brought me mto contact with doctors who
were using high frequency currents to give people artificial
feveis, and becoming mterested in what the doctors were
talking about, 1t seemed to me that this would be the very
field to go mto I was quite sure at that time that the
lack of progress of biologists and physiologists m their
science was entirely due to the fact that they did not
know how to apply the beautifully precise and quantita-
tive measurements that we physicists knew about, and
that all I had to do was enter the field and m a few years
I could clear up the whole science for them.

I went to Professor Murlin at Rochester, and became
extremely interested in human calonimetry and biogenetics,
the heat exchange of the amimal body, heat production,
and so on, and I still have an abidmg mterest m the
fundamental problems of biogenetics But after a couple
of years, I began to get a Iittle more humble, and I realized
that there was more to this field than I had thought and
that 1t was lngh time I learned something about the funda-
mentals of it. I was dehghted to have the luck of getting
a Rockefeller Traming Fellowship and of taking courses in
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diabetes and carbohydrate metabolism That has been my
main mnterest for the last fourteen years I was asked to
work on shock, and, as quckly as I could, I turned to the
metabolic aspects of the problem

F. DOUGLAS LAWRASON. I was m the very happy but somewhat
anomalous state of bemng a hematologist studymg elec-
trolyte and renal physiology at Yale when, in 1950, Dr.
M C Wmternitz convinced me that there was a need for
the National Research Council to aid in the coordination
of reseaich 1n the field of blood The great problem was,
and continues to be, the preservation of the red cell I
found myself closely associated with groups of mvestigators
studymng shock, particularly the plasma volume expanders,
and I became interested in the metabolic aspects and the
circulatory dynamics of shock

ROBERT CLARKE- I was asked to go to the Army Medical Service
Graduate School at Walter Reed about two years ago,
from the Army Laboratory at Fort Knox where I was
studying kidney physiology, having been mtroduced to
that subject by Dr Homer Somth, as Dr Selkurt was I
was given the opportunity to orgamze a group of young
medical officers for studies of the kind of shock which the
Army was particularly interested in because of 1ts experience
i Korea I now have several young men whose feet I am
attempting to keep on the ground, and whose heads I am
still hoping to keep mn the clouds

JacoB FINE. Until World War 11, I had a special interest i the
pathologic physiology of intestinal obstruction Shock
developing 1n mtestinal obstruction was one of the popular
subjects of discussion among surgeons When the war
started and interest in shock rose, I felt we might under-
stand imtestinal obstruction better by studying shock I re-
read Cannon’s monograph published mn 1923,* but thought
it was a httle dated Then I got hold of an up-to-date
book, published 1n several editions The definition of shock
changed with each edition and sounded all too pat. Incur-
able shock, the book said, was largely a case of leaking
capillaries, but the evidence was scant and dubious, so
my laboratory began by testing this hypothesis We long
ago abandoned that theory, and our iterest 1s now con-
cerned with the cause of unresponsiveness to transfusion

*Cannon, W B Traumatic Shock London and New York, Appleton, 1923
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MARCEL GOLDENBERG: Studymg the hemodynamic response of man
to nor-epmephrine and epmephrine on a team headed by
the late Dr Eleano1 de F. Baldwin, the results suggested
the use of nor-epmephime m hypotensive states. We tried
it first m the shock-like state which often follows thoraco-
lumbar sympathectomy, and then started to use it mn other
types of shock, but the 1esistance agamst the use of nor-
epinephrme in hemorrhagic and surgical shock was so
firm that we had to give 1t up

FRANK FREMONT-sMITH: My father, who was a physician, and I think
a great physician, had a pronounced influence on my hfe
and attitudes. The next great influence was Mr Griswold,
my physics teacher who mtroduced me at the age of six-
teen to radioactivity, which at that time and since has
always been fascimating to me As a third-year medical
student, I heard Lewis Week speaking at the Peter Bent
Brigham Hospital on his research on cerebrospinal fluid,
and that was a turning pomnt i my hfe. It led me mto
the field which occupied my thoughts and energies for
many years After I had fimshed an mternship under
Francis W. Peabody, I was mwited to go to the Massa-
chusetts General Hospital by Dr. James Bourne Ayer,
Professor of Neurology at Harvard, to do research on the
cerebrospmal lluid My experience when I first went there,
I think, 1s worth recounting I called upon him, and he
said, “Come on over. I'll show you the laboratory” He
took me over to the laboratory, which was a small room
mn the pathology laboratory, and he said, “Here 1t 1s ” Then
he turned to leave I said, “But, Dr Ayer, what shall I
do?” He said, “Well, do some research,” and walked out.
That was all the mstruction I ever had, but I always had
his support, which was wonderful

In 1936, I was asked to come down to be looked over
by the trustees of the Macy Foundation to see whether
they would hke to have me come into the Foundation. The
first of the trustees that I had to see was Dr Stewart
Paton, who was a very wonderful gentleman, a neurologst.
I went to call on huim m Iis apartment One of the frst
questions he asked me was, “Dr Fremont-Smith, do you
beheve m conferences?” I had never given the matter
much thought I did not know what the right answer was
Should 1 say, no? I thought, “That cant be rnght” I
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the fundamental medical scionces. Again, I think I was
very fortunate in that it was decided to send me to the
University of Pennsylvania, wheie T had the benefit of
being under the wing of the late Professor Bazett and the
many other distinguished physiologists that weie there at
that time. and still are. 1 decided that I would try to
convince people I was a physiologist, and keep quict
about the physics. It was a wise one, 1 think. because I
found that biophysicists had a very bad reputation: some
of them still have. There weve lots of physicists that just
blundered into warking with biological material. They
used x-rays on scedlings. let us say. and wrote papoers
about it. The papers were useless beeanse they weie quite
ignorant of the fundamental propertics of the material
they were working with, It scemed to me not only bad
biology and physiology, but bad science, that a scientist
should presume to work on something without knowing
cverything about it that he could master. I stuck to that
course. and people began to let me into physiological
sociotics. My interest in temperatme regulation increased,
and. of cowse, that led me inevitably to be interested in
the pevipheral cheulation and how it played its part in
temperatwe regulation,

Then came the war, and, like most of you. I was put to
work on very practical problems. such as heat exchanges.
motection fiom the cold, and so on. At the end of the
war, Iwas so thoroughly fed up with doing so-called uscful
things that I decided I would look mound fo something
that would appear to be quite useless in 1cscarch, and
as a special interest, I started working on the fundamental
physics of small blood vessels. 1 have been engrossed in
that ever since,

siLvio BAEZ: After completing a yew of postgraduate work in physi-

ology at Cornell in 1945, I was fortunate enough to be-
come a member of Do Shom’s gioup for the study of
{actors 1egulating peripheral vascular homeostasis m health
and discase. I don’t 1ccall being told te study medicine,
and perhaps I would have chosen to become a flyer in the
A Corps, but three years of waging war in an infantiy
outfit scem to have onented my interest toward the study
of human behavior in gencral, and biology in particula,
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quickly added, “I do, if they last long enough.” I think
that was a prophetic statement, because I have been trying
to make them last long enough ever since

EPHRAIM SHORR- As a student at Yale, I early came under the influ-
ence of Lafayette Mendel In order to graduate, I had
to conform to the practice of writing a thesis, and as I
had some mterest m ductless glands, I decided to work
with Dr. Sam Harvey. We had at Yale, at that time, a
great deal of laboratory space, so that as a medical student
I enjoyed for three years the possession of a laboratory
and a budget, and m addition to that some spare time,
which 1s unusual these days. I elected to work on the
relationship of the adrenals to cholesterol metabohsm, and
i the course of these studies I did not discover, although
the evidence was right under my eyes, the basis for the
lethal effects of adrenalectomy. I had been working with
Underhill, who had taught me when studymg blood con-
stituents, to take mnto account any hemoconcentration or
hemodilution Thus, I carefully corrected all my figures
for the hemoconcentration which was occurrning 1n devas-
tating fashion after adrenalectomy of the amimal, mean-
while disregarding the fact that a marked reduction in
blood volume was taking place (I mught say that I am
still working on the adrenals, though not in particular
relationship to cholesteiol metabolism )

In Dr. Underlull’s laboratory, I worked on all types of
problems, along with a half dozen other students One
evening we recerved a call to meet him at the hospital
When we arrived there he said, “There has been a fire at
the Roger Sherman Theatre There are thirty severely
burned patients, and we are now gomg tv carry out the
first experiment 1 keeping up blood volume in humans
m burn shock ” For three weeks, every four hours, we did
all kinds of studies on these patients, maintaming the
blood volume with salhne That was the manner of my
early introduction to shock

After my mternship, Dr Mendel suggested that I get
some quantitative experience m medicine, and I then
spent a year with Dr Eugene Dubois I was offered the
only job available, that of a technician analyzing urines,
bloods, stools, and what not I took this, and in addition
worked with the calorimeter I became interested in the
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work of Meyerhof and Warburg on intermediary metab-
olism via respnation studies which was emerging at the
time That I did for many years, wandering mto all
sorts of fields, keeping close to the clinic at the same time
During the second World War, I was stimulated by the
first Macy shock meeting, to give some consideration
to the metabolic aspects of shock Dr Furchgott, with
whom I was fortunate enough to be associated at the
time, began to study the defects which mught occur n
a variety of tissues during shock, and particularly the
effect of anoxia upon isolated smooth muscles We were
stimulated by the work of Chambers and Zweifach, which
indicated that the fatal set of events might be greatly
mfluenced by the behavior of the terminal vascular beds
After a tume the Josiah Macy, Jr Foundation made it
possible for Dr. Zweifach to jomn us m an attempt to relate
the altered behavior of the musculature of the terminal
vascular bed to metabolic products that mught arise
the course of the shock syndrome Since the end of the
war, Dr Mazur, a biochemist, and Dr Baez, a physiolo-

gist, have been part of our team, enabling us to proceed
on a multidiscipline level



METABOLIC ASPECTS OF
HEMORRHAGIC AND
TRAUMATIC SHOCK

FRANK L. ENGEL

Department of Medicine and Physiology
Duke Unverstty School of Medicime

WuEN DR SHORR asked me to discuss this subject I hesitated on
the ground that I did not feel that I had very much of anything
new to contribute However, I finally agreed, more or less with
the 1dea that although much of what I am gomg to present 1s old
material, gomng back as far as ten years ago, 1t mght perhaps be
of some use to determime if the old wme can be put nto new
bottles, 1 e, to see whether these old data can be remterpreted m
hght of what we have learned about shock i the last ten years

Much of the work* that I shall speak about began at Yale Uni-
versity, and m order to avoid repeating each time what each
mdividual’s contribution was, I might mention now who was -
volved As I told earler, 1t started more or less with my accidental
observations on bleeding, and thereafter many people m the Depart -
ment of Physiological Chemistry (Dr C N H Long, Chairman)
were mvolved, notably Drs Alfred Wilhelmi, Jane Russell, Mary
Winton, Helen Harrison, George Sayers, Henry Harkins, Walter
Burdette, Mrs Marion Sayers, and Mrs Mildred Engel Most of
this group have not carried out additional studies on shock, except
for Dr Burdette, who has continued work on shock at Lowsiana
State, and for ourselves at Duke

I propose to consider the metabolic response to mnjury and shock,
first in terms of the earliest, and perhaps relatively nonspecific
changes, and goimng on to sketch n the total picture of the metabolic
changes that are fawrly fammhbar as occurring during muddle and
late shock The evidence for differential involvement of organs and
tissues in the course of shock and theiwr significance will be con-
sidered, and the effects of procedures such as conditionmg and

* rbons of the research described in this discussion have been done
ugciggaclznggct (%\Io DA-49-007-MD-134 with the Medical Research and Development
Board, Office of the Surgeon General, Department of the Army
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the various types of treatment on the metabolic and circulatory
changes, will be evaluated.

As with all other phases of shock, the work on metabolism has
been associated with considerable disagreement about what changes
take place at what time, and how important any given change 1s.
Much of the disagreement, in my opmion, 1s rather beside the
pomnt, 1t 1s mostly a matter of various investigators dealng with
different types of experimental situations and making measurements
at different times When the available data from such experiments
are lmed up, they fit together surprisingly well Various species
respond a bit differently, according to their mnate metabolic charac-
terisics By and large, m the discussion that 1s gomng to follow,
my remarks will be concerned largely with experiments with rats
Where other species have shown similar changes, I hope I shall
remember to mention them.

In their approach to metabolic changes 1n shock, different mvest-
gators have had different motives and objectives In our own
case, 1t was the rather simple one of being mterested m some of
the parameters 1n metabolism during the reaction to mjury and
the subsequent development of shock, without having, mitially
at least, too much of an ax to grnd as to whether any one metabolic
change 1s more important than another or as to whether effects on
any one organ are necessarilly more vital I hope that when the
metabolic pattern has been outhned as completely as possible, 1t
will be possible to discern patterns which will indicate what meta-
bolic alterations may prove critical

We did concentrate on one organ, the liver, mostly because of
the metabolic lability of that organ Other mdividuals have ap-
proached the problem by focusing on one or another organ as the
prelminary source of difficulty, exther in terms of metabolic failure
of that organ, 1 a general sense, or m terms of a loss of ability of
that organ to detoxify, we shall say, some substance which has a
deleterious effect on the circulation Still others have approached
the metabolic problem from the standpomt of identifymg some
toxic matenal from damaged or hypoxic tissue which mught be
;‘?Eilltlierecih responsible for the perpetuation of the shock state
o Sﬂ,c h0 ]e;rs have been mnterested in the problem of treatment

phenomena as conditioning m terms of whether these
are effective on the metabolic or some other level

Knisely When o "
you say “conditioning,” d ,
conditioning ? Y Ing,” do you mean Pavlov’s
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Engel No, I refer particularly to the process with the Noble-
Collip drum whereby animals were subjected to controlled mjury,
bemg conditioned 1 a graded fashion, by tumblng n the drum,
to recerve a greater and greater amount of mjury, until they became
resistant to the drum trauma, and also to other types of shock-
mducing procedures

Let us consider first the sequence of events in response to
hemorrhage or trauma leading to shock We can divide this, more
or less arbitrarily, mto three phases, the first bemng the mitial
response to mnjury, mvolving a number of metabohc changes which
are nonspectfic in the sense that they are relatively independent
of the type of mjury, although certamn changes which are specific
to any given type of imjury also occur This particular phase of the
reaction of the body has been studied m considerable detail
recent years, and we now know a moderate amount about 1t

There comes next a large no-man’s-land between this imtial
response and the late stage when fairly characteristic changes m
metabolism, circulation, and so forth, take place Perhaps the most
mmportant phase 1s the one we know least about, namely, the great
area between the imtial response to mjury and the termmmnal decom-
pensation Somewhere m here something happens which converts
this condition from one which readily responds to blood and plasma
to one which goes on relentlessly to death despite flud replacement,
the third stage, or so-called meversible shock

THE INITIAL RESPONSE TO INJURY

To consider the first of these periods from the metabolic stand-
point, there has been tremendous emphasis 1n the last ten o1 fifteen
years on the role of certamm endocrmme glands, particularly the
adrenal cortex, 1n the mtial response to mjury, but I think a lot of
misconceptions have grown out of the origmal concepts of the
alarm reaction and the general adaptation syndrome as outlmed
by Selye

Some of the well-known reactions to mjury in the normal
orgamism are listed below

Metabolic Changes

Negative mitrogen balance

Impaired carbohydrate utilization

Fatty liver and tendency to ketosis
Negative K+ and PO,= balance

Nat, Cl- and H:O retention by kidney
Hypochloremue, hypokalemic alkalosis

O UL 0O O
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Morphologic Changes

1 Lymphoid tissue and thymus hypoplasia
2 Lymphopenia and eosmopenia
3 Leukocytosis

Endocrme Changes

1 Adrenal hypertrophy
2 Ascorbic acid and cholesterol depletion of adienal cortex
3 Increase m corticoids in blood and urine

A change 1n mitrogen metabolhism, with a negative mtiogen
balance, 1s the best known response to mjury However, even
before this 15 detectable, an alteration 1n the level of plasma amino
nitrogen occuis This takes place after almost any sort of injury
or stress and 1s characterized by a fall in plasma ammo acids It
occurs m hypophysectomized, adrenalectomized, and adrenomedul-
lated animals, 1 contrast to the negative nitrogen balance which
1s dependent on an intact pituitary-adrenal system Although epmeph-
nne, msulin, and growth hormone will cause a comparable fall
m amino acids, we cannot attribute the change after mjury to an
mfluence of the endocime glands Its precise sigmficance remains
obscure, and 1t deserves further mvestigation

Secondly, there may develop varying degiees of impairment of
carbohydrate utilization, the so-called traumatic diabetes that was
described many years ago Thirdly, there 1s a tendency to develop-
ment of fatty hiver and ketosis Fmally, there occur negative potas-
stum and phosphorus balances, sodium, chloride, and water reten-
tion by the kidney, and occasionally hypochloremic, hypokalemic
alkalosis 1f potassium depletion has taken place

Nickerson In connection with your second pomt, 1s there a clear
mpawment of carbohydrate utihzation or 1s a factor of mcreased
glucose production mvolved?

Engel We cannot answer that accurately Probably, it would
be more accurate to speak of carbohydrate tolerance rather than
carbohydrate utihzation I suspect the change 1s mostly utihzation,
but T do not think the pomt has ever been proved

Loewtr Does this occur m the very beginnmg?
Engel Qute early.

Loeuwr Does it develop quickly?
thEngel The electrolyte changes take some time to develop, but
the fall mm amino nitrogen, the increase i mitrogen metabolism,
e mpaired carbohydrate tolerance, the fatty liver, and ketosis
certamnly can be demonstrated within four hours after certamn
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mnjuries. I do not think the others have been studied accurately
enough to know whether they occur that early or not

von Euler Do these changes occur i the demedullated animal?

Engel- All will occur in the demedullated animal with the
exception of one which I did not include, namely, the nse in blood
sugar immediately after mjury. This appears to be largely a response
of the adrenal medulla

Knisely What 1s the shortest period of time from mjury until
one of these changes can be detected? What 1s the most sensitive
mdicator i time and m change?

Engel. The earhiest one that we have measured 1s the change
m nitrogen metabolism, particularly the fall in ammo acid mitrogen.
We can detect this within an hour of the mtroduction of an mjury.
Of course, the blood sugar rise m response to adrenal medullary
secretion occurs early, too

Haist Would you mclude tourniquet apphcation as a type of
mjury, or do you exclude that from this discussion?

Engel Yes, I would, but there are many gradations of injures.
The full response will occur with a fairly strong injury, 1t may not
occur with a lesser one, although 1t takes extraordmanly hittle stress
to cause a fall in the plasma ammno mitrogen I have never looked
for 1t n tourniquet injury, but with every other stress that I have
examined 1t occurs, so I suspect 1t would be found there, too

Haist In some expermments, we observed a rise m amino nitrogen,
starting from the time of release of the clamps

Engel Did you measure 1t before release of the clamps?

Haist Yes It fell somewhat during the period of clamp applica-
tion and then began to rise as soon as the clamps were removed

Engel 1 would suspect that the fall with clamp application was
the 1mtia] response to the mjury In response to injury, there are
morphologic changes m lymphoid tissue, and eosimopema as well
as endocrine changes These changes include adrenal hypertrophy,
ascorbic acid and cholesterol depletion of the adrenal cortex, and
an mcreased amount of corticoids i the blood and urme Since
certamn of these metabolic changes have been observed with over-
doses of adrenal hormone, many mvestigators have jumped to the
conclusion that all these phenomena result from the effects of
hypersecretion of adrenal hormone 1 response to injury

The maimn pomt that I wish to make 1s that this 1s not the case
The adrenal cortex 1s involved i some way m shock The adrenalec-
tomized ammal is extraordinanly sensitive to any traumatic pro-
cedure and will readily go mto circulatory collapse At the same
time, we also know that individuals who may have apparently
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normal endocrine function but who are chromcally 111, malnounshed,
or depleted m protemn in some way, are somewhat more prone to
develop shock when injured than are normal mndividuals
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The effect of operation and of fractures on the urinary non-protein
mtrogen of six pawrs of sham-operated ( ) and saline-treated adrenalectomized
(x rats Averages and range of values Reprinted, by permission, from
Ingle, D J, Ward, E O, and Kuizenga, M H The relationship of the adrenal
glands to changes in unmnary non-protem nitrogen following multiple fractures m
the force-fed rat. Am J Physiol 149, 510 (1947)

The first data I should Like to present as evidence agamst the
1dea that the adrenal cortical hormones themselves are responsible
for these changes come from the work of Dwight Ingle, m which
he has demonstrated the so-called permussive action of the adrenal
h‘ormone m response to fracture (1). Ingle studied nitrogen excre-
tion in normal and adrenalectormzed animals after leg fracture, and
demonstrated that in normal ammals there is an increase mn nitrogen
excretion, while 1n adrenalectomized animals, which were maintamned
on sahne, there was no such change (Figure 1) Of course, 1t had
been well known even before this that the adrenalectomized animal

oes not show the same response to trauma that the normal ammal
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mjuries I do not think the others have been studied accurately
enough to know whether they occur that early or not

von Euler Do these changes occur mn the demedullated animal?

Engel- All will occur m the demedullated ammal with the
exception of one which I did not include, namely, the rise in blood
sugar immediately after injury. This appears to be largely a response
of the adrenal medulla.

Kmsely What 1s the shortest period of time from mjury until
one of these changes can be detected? What 1s the most sensitive
mdicator i time and m change?

Engel The earhest one that we have measured 1s the change
in mitrogen metabolism, particularly the fall in amino acid mtrogen.
We can detect this within an hour of the introduction of an mjury
Of course, the blood sugar rise in response to adrenal medullary
secretion occurs early, too

Haist Would you include tourniquet application as a type of
mjury, or do you exclude that from this discussion?

Engel Yes, I would, but there are many gradations of injures.
The full response will occur with a fairly strong mnjury, it may not
occur with a lesser one, although 1t takes extraordimarnily little stress
to cause a fall in the plasma ammo nitrogen I have never looked
for 1t m tourmquet mnjury, but with every other stress that I have
examined 1t occurs, so I suspect 1t would be found there, too

Haist In some experiments, we observed a rise in amino nitrogen,
starting from the time of release of the clamps

Engel Did you measure 1t before release of the clamps?

Haist Yes It fell somewhat during the period of clamp applica-
tion and then began to rise as soon as the clamps were removed.

Engel I would suspect that the fall with clamp apphication was
the 1mtial response to the mjury In response to mnjury, there are
morphologic changes i lymphoid tissue, and eosmopema as well
as endocrine changes. These changes mclude adrenal hypertrophy,
ascorbic acid and cholesterol depletion of the adrenal cortex, and
an mcreased amount of corticoids m the blood and urme Since
certamn of these metabolic changes have been observed with over-
doses of adrenal hormone, many vestigators have jumped to the
conclusion that all these phenomena result from the effects of
hypersecretion of adrenal hormone 1n 1esponse to mjury

The mamn pomt that I wish to make 1s that this 1s not the case
The adrenal cortex 1s mvolved 1n some way i shock The adrenalec-
tomized animal 15 extraordmanly sensitive to any traumatic pro-
cedure and will readily go mto.mrculatory collapse At the same
time, we also know that mdiwviduals who may have apparently
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Ficure 3 Effect of epmephrine on urea formation of nephrectomized and adrenalec-
tomized-nephrectomized rats Hornzontal bars represent mean rates of urea mtrocfen
formation expressed as mg urea N/100 gm /hr In this and subsequent Figures dots
indicate = one standard error Epinephrine was imjected subcutancously at the end
of a 3-hour control penod Blood sugar was measured at 3-hour intervals Note sus-
tamed increase 1 urea formation a.%ter epmephrine m control nephrectormzed rats
(white bars), no response in adrenalectormzed rats, and temporary increase m
cortisone-maintamed adrenalectomized rats Reprinted, by permussion, from Engel,
F L A consideration of the roles of the adrenal cortex an(f stress 1 the regulation
of protemn metabolism Rec Progr Hormone Res 6, 277 (1951)

Figure 3 brings out one additional pomt. that a continued 1n-
crease n adrenal hormone, as suggested by Ingle, is necessary to
sustamn this response In this study, we measured the rate of urea
accumulation 1 nephrectomized rats as a measure of changes in
mtrogen metabolism 1n response to mjury and in response to hor-
mone action The techmque was to nephrectomize animals 15 hours
before the experimental procedure and to measure the rate of rise
of urea 1n the blood at one- to three-hour intervals before and after
various procedures The total amount of urea was calculated on the
assumption that 1t was equally distnibuted throughout the body
water, which was taken as 63 per cent of the body weight. A large
dose of epmephrine was used as the stressing agent, a dose very
much m excess of that used by Long to stimulate the pituitary
adrenal axis It was not intended to produce that sort of response
but to demonstrate that epmephrine can trip off the metabohc
response of trauma As shown i Figure 3, m the normal animal,
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does, 1t readily succumbs, usually i hypoglycerma When the
adrenalectormzed ammals were mamtamed on a constant dose of
cortical hormone and the same injury mnduced, there was exactly
the same response in nitrogen excretion m the adrenalectomized
animal as 1n the normal animal (Figure 2). In the adrenalectomized
rats receiving adrenal extract, the adrenal hormone was a constant
factor, and hence the change in mitrogen excietion cannot be
attributed to a hypersecretion of adrenal hormone by the gland.
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Ficure 2 The effect of operation and of fractures on the urinary non-protemn
nitrogen of s pairs of sham-operated ( ) and cortin-treated adrenalactomized
(x - - - - ) rats_Averages and range of values Reprinted, by permission, from
Ingle, D ], Ward, E O, and Kuizenga, M H The relationship of the adrenal
glands to changes mn urinary non-protein mtrogen following multuiple fractures n the
force-fed rat Am ] Physiol 149, 510 (1947)

In later work, Ingle has shown the same response with respect to
sodium chloride retention and a number of other phenomena (2).

We have confirmed his findings (3,4)
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Engel I cannot quote any reference to experimental data which
proves that urea 1s freely diffusible, but I do thmk there 1s good
evidence that this 1s true

The only cncism of this particular techmque that has been
offered was made by Dr Baird Hastings a year or so ago About
10 per cent (I am not sure of the exact figure. 1t may be somewhat
less) of the urea that 1s formed by the hver 1s formed twice In
other words, that urea which diffuses from the blood mto the
gastointestal tract 1s acted upon by bacteria wiich have urease
n them deep 1 the crypts of the mtestine The urea 1s converted
there to CO» and ammoma, and the ammoma 1s then reabsorbed
mnto the portal vemn and 1s re-formed mto urea

Gieen. Most of the membranes aie rather freely permeable, are
they not? The only one I know of that 1s not permeable to urea
15 the g1l membrane 1n the elasmobanch fishes, as described by
Dr Homer W Smith (6)

Buich 1 am awaie of this, but I just wonder whether or not,
when one 1s observing one compartment for a sampling of urea,
some peculianties in the distribution of urea might develop, without
one’s knowledge, that would not adheie to the general assumptions
made 1n the study Has anyone made an attempt to measwe the
concentration-time course of urea mside cells simultaneously with
measurement of the concentration-time course i the blood?

Olwer Didn’t Marshall (7) examine that pomt years ago and
find that the urea 1s, to all intents and purposes, evenly distributed
throughout the body except m the nervous tissue?

Engel It was my mmpression that that was so, although I didn’t
know who first demonstrated it

Loew: One cannot, m my opinion, compare the behavior of urea,
which hke all water- and hpoid-soluble substances 1s freely dif-
fusible with nonlipord-soluble substances like potassium and sodium
salts, which penetrate cells by a process which 1s extremely slow
m comparison with that of free diffusion

Moe I wonder whether the adienal cortex 1s essential for the
ncrease m the over-all metabolic rate which 1s produced by
epmephrine Ts this a general phenomenon, or 1s this a mtrogen
phenomenon?

Engel So far as I know, the adrenal cortex 1s not essential for
that response to epmephrme This brings us to the next pomnt I
think most people are now m agreement with Ingle’s concept of
the permissive action of the adrenal cortex We have extended this
concept to mclude evidence that the presence of the adrenal hor-
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epmephrime stimulated a change m nitrogen metabolism m three
hours When the same dose of epinephrine was given to the adrenal-
ectomized animal, there was no change m the nitrogen metabolism,
When epmephrine was mjected into the adrenalectomized amimal,
maintained on a crystalline suspension of cortisone m salme which
forms a depot, there was a prompt mcrease 1 nitrogen metabolism,
just as i the normal amimal, but 1t was sustamed for only three
hours Our interpretation has been that the amount of steroid
circulating from this crystalline depot was not sufficient to maintain
the response longer than three hours Ingle has recently done a
number of experiments with adrenalectomized-depancreatized rats
subjected to stress which tend to support this conclusion (5).

From these experiments, there 1s good evidence that the adrenal
cortex 1s necessary to, but not responsible for, the metabolic re-
sponse to mjury and that a sustained secretion of adrenal hormone
1s necessary to keep up the 1eaction

Nickerson Do the data represent the total amount of urea pres-
ent, or the rate of formation?

Engel- These are rates of formation. The blood urea 1s measured
and then the amount of urea that has been formed m the three-
hour period 1s calculated by the difference from the control wea
nitrogen level, assuming the urea to be equally distributed through-
out the body water, which 1s taken as 63 per cent of body weight.
The results are expressed as milligrams urea mitrogen per 100 gm
per hour

Burch: Do you think that the distribution of the urea mght
change, that it might be uneven and n a distribution different from
that generally accepted as correct?

Engel Urea is so fieely diffusible that I think there would be
Iittle worry about that

Burch: Electrolytes, for example, may change thewr distribution
under the mnfluence of varying normal and abnormal physiologic
states.

Engel Electrolytes are diffusible but they distribute themselves
quite differently than does urea

Burch 1 was wondering whether there was any evidence to show
that urea mught, m certain circumstances, behave differently under
the influence of different hormones. Since you are simply examming
one compartment contaming urea, the intracellular distribution
might be altered without reflection 1 the extracellular-sampled

compartment.
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Engel I cannot quote any reference to experimental data which
proves that urea 1s freely diffusible, but I do think there 1s good
evidence that this 1s true

The only criicism of this paiticular techmque that has been
offered was made by Dr Baird Hastings a year or so ago About
10 per cent (I am not suie of the exact figure. 1t may be somewhat
less) of the urea that 1s formed by the liver 1s formed twice In
other words, that urea which diffuses from the blood mto the
gastromtestmal tract 15 acted upon by bacteria which have urease
in them deep 1n the crypts of the imntestine The urea 1s converted
there to CO» and ammomia, and the ammonia 1s then reabsorbed
mnto the portal vem and 1s re-formed mto urea

Green Most of the membranes are 1ather freely permeable, are
they not? The only one I know of that 1s not peimeable to uiea
15 the gill membrane m the elasmobranch fishes, as described by
Dr Homer W Smuth (6).

Burch. 1 am aware of this, but I just wonder whether or not,
when one 1s observing one compartment for a samphng of urea,
some pecubiarities mn the distribution of urea might develop, without
on€’s knowledge, that would not adheie to the general assumptions
made m the study Has anyone made an attempt to measure the
concentration-time course of urea imside cells simultaneously with
measurement of the concentiation-time course m the blood?

Olwer Didn’t Marshall (7) examme that pomnt years ago and
find that the urea 1s, to all intents and purposes, evenly distributed
throughout the body except i the nervous tissue?

Engel It was my mmpression that that was so, although I didn’t
know who first demonstrated 1t

Loewi One cannot, n my opinon, compare the behavior of urea,
which hke all water- and hpoid-soluble substances 1s freely dif-
fusible with nonlipoid-soluble substances like potassium and sodium
salts, which penetrate cells by a process which 1s extremely slow
m comparison with that of free diffusion

Moe 1 wonder whether the adrenal cortex 1s essential for the
mcrease m the over-all metabolic rate which 1s produced by
epmephrme Is this a general phenomenon, or 1s this a mitrogen
phenomenon?

Engel So far as I know, the adrenal cortex is not essential for
ﬂﬂlﬁa;kre;i%;)?se tolepmephnne This brings us to the next pomnt I
e pemlssgio{f e are now i agreement with Ingle’s concept of

ction of the adrenal cortex We have extended this
concept to mclude evidence that the presence of the adrenal hor-
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epmephrine stimulated a change mm mitrogen metabolism m three
hours When the same dose of epinephrine was given to the adrenal-
ectommzed ammal, there was no change m the mtrogen metabolism
When epmephrine was mjected into the adienalectomized animal,
maintamed on a crystalline suspension of cortisone in saline which
forms a depot, there was a prompt increase n nitrogen metabolisim,
just as m the normal ammal, but 1t was sustamed for only three
hours Our nterpretation has been that the amount of steroid
circulating from this crystalline depot was not sufficient to mantain
the 1esponse longer than three hours Ingle has recently done a
number of experiments with adrenalectomized-depancreatized rats
subjected to stiess which tend to support this conclusion (5)

Fiom these experiments, there 1s good evidence that the adrenal
cortex 1s necessary to, but not responsible for, the metabolc re-
sponse to mjury and that a sustained secretion of adrenal hormone
15 necessary to keep up the i1eaction

Nickerson Do the data represent the total amount of urea pres-
ent, or the rate of formation?

Engel These are rates of formation The blood urea 1s measured
and then the amount of urea that has been formed imn the three-
hour period 1s calculated by the difference from the control urea
nitrogen level, assuming the urea to be equally distributed through-
out the body water, which 1s taken as 63 per cent of body weight
The results are expressed as mulligrams urea mitrogen per 100 gm
per hour

Burch Do you think that the distibution of the urea mght
change, that 1t mught be uneven and m a distnbution different from
that generally accepted as correct?

Engel Urea 1s so freely diffusible that I think there would be
little worry about that

Burch Electrolytes, for example, may change their distribution
under the nfluence of varymng normal and abnormal physiologic
states

Engel Electrolytes are diffusible but they distribute themselves
quite cifferently than does urea

Burch 1 was wondering whether there was any evidence to show
that urea mght, 1n certamn circumstances, behave differently under
the mfluence of different hormones Simce you are simply examining
one compartment contaming urea, the mtracellular distribution
might be altered without reflection m the extracellular-sampled

compartment
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Ficure 5 Combined effects of formalin stress and ACE and ACTH on urea forma-
tion Note immediate response to formaln given at 3 hours compared with delayed
response to ACE given at 0 hour Neither immediate pretreatment with ACE or
chronic pretreatment with ACTH with consequent mcrease 1n nitrogen metabolism
modified the magmtude of subsequent response to formaln Reprinted, by permus-
sion, from Engel, F L. A consideration of the roles of the adrenal cortex an stress
m the regulation of protem metabolism Rec Progr Hormone Res 6, 277 (1951)

In contrast to this, as seen m Figure 5, when formalm was
Injected as a damaging agent, the change 1n nitrogen metabolism
occurred within the next three-hour period Thas 1s comparable to
that after epmephrine injections (Figure 3).

Green How was the formaln given?

Engel By subcutaneous mjection

Shorr These changes were regardless of the dose of adrenal
cortical extract?

Engel Yes We have used larger doses of adrenal cortical extract,

or ACTH, and not reproduced the immediate change in mitrogen

metabohsm which 1s stmulated by these stressful stimuli.
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mone seemingly does something to alert the organism to respond
metabolically, and perhaps otherwise, to stressful stmuli

Part of our evidence for this independence and interdependence
of the adrenal cortex and the stress stmulus came from expermments
on the time that 1t took for different adrenal hormone preparations
(adrenal cortical extract, ACTH intraperitoneally, ACTH mtra-
venously by 40 minute infusion, and ACTH by a single mjection)
to mnfluence urea formation in the nephrectomized rat In every
case, we found that 1t took longer than three hours from the time
of mjection for a change in mitrogen balance to begin There never
was a measurable change mn mitrogen metabolism i less than
three hours after any preparation of ACTH or adrenal hormone
(Figure 4).
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Ficure 4 Effects on urea formation of adrenal cortical extract injected at 0 and 1
hour, ACTH, 1 mg every 30 minutes mtragentoneally from O to 25 hours, ACTH,
5 mé mtravenously from 8 to 3 hours and 40 minutes, and cortisone and ACTH
chromcally Note that acute response to ACE or ACTH always occurred 3 or more
hours from the beginning of treatment Contrast with immediate response to epmeph-
rme (Figure 3) and formalm %Flgure 5) Repnnted, by J)ermissmn, from Engel,
F L A consideration of the roles of the adrenal cortex and stress in the regulation
of protemn metabohsm Rec Progr Hormone Res 6, 277 (1951)
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until the adrenal cortex was stimulated and then the response
occurred by a permuissive action

Moe There is a suggestion of a response to a so-called sub-
threshold dose. Is the response to stress plus cortical extract more
than additive?

Engel The mcrease after adrenal extract and 05 ml formaln
1s significantly greater than either one alone and may be additive.

Haist What dose of msulin was required to give a simlar effect?

Engel Eight hundredths of a umt per one hundred grams, sub-
cutaneously

Hast. 1 find it difficult to think of the injection of insulin in
small doses as a stressful situation.

Engel If msulin 1s given mtrapentoneally mstead of subcutane-
ously, there can be quite an early response, depending, of course,
upon how fast the hypoglycermma develops It 1s the response to
the hypoglycemia which 1s the stressful stumulus, not the mnsulin
itself. With a small dose of msulin subcutaneously and gradual
development of hypoglycerma, there may be no change m nitrogen
metabolism within the first three hours, but it will appear later
on m the period of the amimal’s recovery from the mild hypo-
glycema that occurs But if the adrenal extract 15 given simul-
taneously with the msulhn and the fall m blood sugar then occurs,
the response occurs night after the hypoglycemma

Haist. Wouldn't there be some counteraction of the msulin effect
by the extract?

Engel Yes and no In neither rats nor man have we found an
appreciable mhibiting effect of ACTH, or adrenal hormone, on
msulm hypoglycemra

We have extended this concept to some considerations of the
effects of cortical steroids on certamn relatively simple metabolic
processes m normal, as compared to 1ll, mdividuals It has been
clearly shown that the administration of cortisone, or ACTH, may
cause impairment of the glucose tolerance test, mnsulin resistance,
and so forth, m man Most of the studies along these hines have
been done on hospitalized subjects i various stages of illness
However, there 1s no doubt but that these changes occur to some
degree even m normal people We were mterested m seemg whether
we could demonstrate a potentiation by cortisone of the response
to mjury 1 man by comparing the responses to glucose and msulin

tolerance tests in normal, healthy medical students versus 11l people
mn the hospital, with and without cortisone treatment
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Shorr. In other words, you cannot, by increasing the degree of
stmulation, reproduce the rate at which the change occurs with

formaln.
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Ficure 6 Effect of subthreshold stress (05 ml formaln) and ACE on urea
formation Compared with larger dose of formalin, 05 ml formalm subcutaneously
caused no stimulation of mitrogen metabohsm When given to ACE-treated rats, the
subsequent increase 1n urea formation was signficantly greater than that from either
agent alone Reprinted, by permission, from Engel, F L. A consideration of the
roles of the adrenal cortex and stress in the regulation of protem metabolism
Rec Progr Hormone Res 6, 277 (1951)

Engel That’s nght This perhaps can be seen better in Figure 6,
which brings up a more critical point concerning the use of a
stressful stimulus which 1s subthreshold 1 the sense that it does
not have any measurable effect on mitrogen metabolism (05 ml
formalin compared to 10 ml formaln in the last experiment, or
a small dose of msulin subcutaneously) We found with a variety
of these so-called subthreshold stresses that, if a dose of adrenal
hormone was given before or even with this subthreshold stress,
an mmmediate response m mnitrogen metabolism occurred, as com-
pared to no response from the stress alone and a delayed one
from adrenal hormone alone In other words, the presence of an
excess amount of adrenal hormone at the time mjury was mduced
tripped off this metabohic reaction immediately, whereas, normally,
erther there was no measurable metabolic response to this grade
of stress or there was a lag from the time the injury was imposed
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until the adrenal cortex was stimulated and then the response
occurred by a permissive achon.

Moe There 1s a suggestion of a response to a so-called sub-
threshold dose. Is the response to stress plus cortical extract more
than additive?

Engel The mcrease after adrenal extract and 0.5 ml. formahn
1s significantly greater than either one alone and may be additive.

Hast: What dose of msuhn was required to give a similar effect?

Engel FEight hundredths of a umt per one hundred grams, sub-
cutaneously

Haist 1 find 1t dufficult to think of the mjection of msulm m
small doses as a stressful situation.

Engel- If msulin 1s given mtraperitoneally mstead of subcutane-
ously, there can be quite an early response, depending, of course,
upon how fast the hypoglycemia develops It 1s the response to
the hypoglycemia which is the stressful stunulus, not the insulin
itself. With a small dose of msulin subcutaneously and gradual
development of hypoglycemia, there may be no change m mtrogen
metabolism within the first three hours, but 1t will appear later
on in the period of the ammal’s recovery from the muld hypo-
glycemia that occurs But if the adrenal extract is given simul-
taneously with the msubn and the fall mn blood sugar then occurs,
the response occurs right after the hypoglycemua.

Haist Wouldn't there be some counteraction of the msulin effect
by the extract?

Engel Yes and no In neither rats nor man have we found an
appreciable mhibiting effect of ACTH, or adrenal hormone, on
msulin hypoglycerma

We have extended this concept to some considerations of the
effects of cortical steroids on certamn relatively simple metabolic
processes 1n normal, as compared to ill, mdividuals. It has been
clearly shown that the admmistration of cortisone, or ACTH, may
cause impairment of the glucose tolerance test, insulin resistance,
and so forth, m man Most of the studies along these lines have
been done on hospitahized subjects m varous stages of illness
However, there 1s no doubt but that these changes occur to some
degree even i normal people. We were mterested m seemg whether
we could demonstrate a potentiation by cortisone of the response
to mjury m man by comparing the responses to glucose and msulin

tolerance tests mn normal, healthy medical students versus 11l people
in the hospital, with and without cortisone treatment
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Shorr. In other words, you cannot, by mncieasmg the degree of
stimulation, reproduce the rate at which the change occurs with

formalin.
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Ficure 6 Effect of subthreshold stress (05 ml formalin) and ACE on urea
formation Compared with larger dose of formaln, 05 ml formalin subcutaneously
caused no stimulation of mitrogen metabolism When given to ACE-treated rats, the
subsequent mncrease in urea formation was signficantly greater than that from either
agent alone Reprinted, by permission, from Engel, F L. A consideration of the
roles of the adrenal cortex and stress in the regulation of protem metabohism
Rec Progr Hormone Res 6, 277 (1951)

Engel That’s nght This perhaps can be seen better in Figure 6,
which brings up a more critical pomt concerning the use of a
stressful stimulus which 1s subthreshold in the sense that it does
not have any measurable effect on nitrogen metabolism (05 ml
formalin compared to 10 ml formaln m the last experiment, or
a small dose of msulin subcutaneously) We found with a vanety
of these so-called subthreshold stresses that, if a dose of adrenal
hormone was given before or even with this subthreshold stress,
an mmmediate response mn mitrogen metabolism occurred, as com-
pared to no response from the stress alone and a delayed one
from adrenal hormone alone In other words, the presence of an
excess amount of adrenal hormone at the time njury was mnduced
tripped off this metabohc reaction immediately, whereas, normally,
erther there was no measurable metabohc response to this grade
of stress or there was a lag from the time the mjury was 1mposed
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Ficure 8 Comparative effects of illness and cortisone on the oral glucose tolerance
test Note that the response to the two duffer by virtue of the fastng and 8-howr
levels being sigmficantly higher 1n the normal subjects recelving cortisone

Figure 8 illustrates data from a group of 13 1ll persons on the
ward The glucose tolerance test showed the typical impairment
that is associated with illness, but 1t 1s mteresting to poimnt out that
1t differed from that which 1s obtamed with cortisone (Figure 9)
With the latter, there 1s a significant elevation m the fasting blood
sugar to begm with, and the three-hour level 15 hikewise higher
than normal In the 1ll people, the fasting blood sugar starts at the
same place as the normal and ends up at the same place, but levels
are higher at the 30, 60, and 120 minute pomnts The most important
pomt, however, 1s that when these 11l people were given a smgle
dose of 200 mg of cortisone four hours before the test, there resulted
a tremendous impamrment of glucose tolerance It might be said

that this 1s because the 1ll people have a lot of adrenal cortical

hormone circulating, and when given 200 mg of cortisone the
result 1s hike that m normal subjects given much more hormone
The students were gwven 200 mg of cortisone every day for eight
days, and they never showed any greater impairment of glucose
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In the first study, ordinary glucose tolerance tests were done on
normal medical students with and without previous admmstration
by mouth of 200 mg of cortisone four hours before the test The
results of these tests were compared to those i a group of ill sub-
jects mn the hospital who were similarly treated The patients repre-
sented a cross section of ward patients with organic disease, except
that all patients with hiver disease, endocrme disorders, diabetes,
or a fanuly history of diabetes, were excluded. The students ate in
the university dining halls and the composition of therr diet was
quite close to that offered to the patients. The diet of the latter
contamed 290 gm. of carbohydrate,
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Ficure 7. Demonstration that a single oral dose of 200 mg of cortisone acetate
4 hours before an oral glucose tolerance test causes a sigmficant increase in blood
sugar at all pomnts of the curve except at 30 mmutes In this and subsequent figures
bars indicate = one standard error of the mean

Figure 7 represents the normal glucose tolerance test m these
students and the glucose tolerance of the same students when given
900 mg of cortisone by mouth four hours before the test You will
note that there 1s a slight but sigmficant impairment of glucose
tolerance after cortisone.
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Ficore 8 Comparative effects of illness and cortisone on the oral glucose tolerance
test Note that the response to the two differ by virtue of the fashng and 3-hour
levels bemg significantly higher m the normal subjects receiving cortisone

Figure 8 illustrates data from a group of 13 i1l persons on the
ward The glucose tolerance test showed the typical impanment
that 1s associated with illness, but 1t is interesting to pomnt out that
1t differed from that which 1s obtained with cortisone (Figure 9)
With the latter, there 1s a sigmificant elevation m the fasting blood
sugar to begin with, and the three-hour level 1s ikewise higher
than normal In the il people, the fasting blood sugar starts at the
same place as the normal and ends up at the same place, but levels
are higher at the 30, 60, and 120 mmute pomts The most important
pomnt, however, 1s that when these 11l people were given a single
dose of 200 mg of cortisone four hours before the test, there resulted
a tremendous mmpawment of glucose tolerance It might be said
that this 1s because the 1ll people have a lot of adrenal cortical
hormone circulating, and when given 200 mg of corhisone the
result 1s like that m normal subjects given much more hormone.
The students were given 200 mg of cortisone every day for eight
days, and they never showed any greater mmpairment of glucose
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In the first study, ordinary glucose tolerance tests were done on
normal medical students with and without previous admmistration
by mouth of 200 mg of cortisone four hours before the test. The
results of these tests were compared to those i a group of 1ll sub-
jects m the hospital who were stmilarly treated The patients repre-
sented a cross section of ward patients with organmic disease, except
that all patients with hiver disease, endocrine disorders, diabetes,
or a famuly history of diabetes, were excluded. The students ate m
the umversity dining halls and the composition of their diet was

quite close to that offered to the patients The diet of the latter
contamned 290 gm. of carbohydrate
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Ficure 7 Demonstration that a smgle oral dose of 200 mg of cortisone acetate
4 hours before an oral glucose tolerance test causes a sigmificant mncrease i blood
sugar at all pomts of the curve except at 30 mmutes In this and subsequent figures
bars imndicate = one standard error of the mean

Figure 7 represents the normal glucose tolerance test mn these
students and the glucose tolerance of the same students when given
900 mg of cortisone by mouth four hours before the test. You wall
note that there 1s a shght but sigmificant impairment of glucose

tolerance after cortisone.
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Haist. Would 1t be possible to get a sumilar effect m normal
individuals with previous restricton of diet?

Engel. We put a group of students on a 1400-calone diet with
150 grams of carbohydrate, which was what we estimated the
average anorectic pahent m the ward mught take, for one week
before they had a tolerance test Half the students had a glucose
tolerance test at the end of a week, were put on the diet for another
week, and then the test was repeated with cortisone. The other
half were done the other way around. they got the cortisone the
first week, and after another week had a control glucose tolerance
test The subjects on the restnicted diet showed shghtly greater
impairment of glucose tolerance, both with and without cortisone,
but nothing comparable to that of the 1ll subjects with cortisone
(Figure 10)
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Figure 10 Demonstration that hmitation of diet to 1400 calones and 150 grams

of carbohydrate per day does not significantly mod
O o bohydrate g y ify the response to cortisone m

The same result may be seen with a conventional msulin toler-
ance test, mjecting one-tenth of a umt of insulin per kilo intra-
venously and measurmg blood sugar levels at 30-mmute ntervals
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Ficure 9 Marked mmpairment of glucose tolerance after sigle oral dose of cortisone
in 11l subjects The response to cortisone in this group 1s significantly greater than
in the normal subjects (Figure 7)

tolerance Thus, this does not seem to be an accumulative response.
The same thing 1s true with the msulin tolerance test

von Euler- In general, did these patients have fever?

Engel Some had fever and some did not We were mterested mn
choosing people who were definitely 1l and who, we could antici-
pate, would have abnormal carbohydiate tolerances

von Euler: Most of them did have mfectious diseases?

Engel. No There was a fairly bioad spectrum It didn’t seem
to make a great deal of difference whether the patient had an
infectious disease, cardiac disease, disseminated lupus erythema-

tosus, Boeck’s sarcoid, or peptic ulcer They responded quite

consistently
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Burch. Do you think a 1400-calorie diet for a medical student
who 1s ambulatory might be deficient, whereas for a patient n
bed m a hospital 1t might be sufficient?

Engel I don’t think so. But I think you have put your finger
on one mportant variable m our study which we have not yet
controlled We have been wanting to check it, but 1t has not been
practical to do so Whether the difference m carbohydrate tolerance
after cortisone m the two groups could be attributed to thewr dif-
ference m activity, I don’t know. I doubt 1t but I can’t be sure

Shorr. We have studied a few normal mndividuals on prolonged
immobihization The reduction in thewr basal metabolic rate was
mimmmal, on the average 69 per cent The discrepancy between
activity of the student and that of the 1ll patient might very well
be bridged by the presence of mnfection and the usual accompany-
ing increase 1 over-all metabolic activity We found that i order
to establish the differences between immobile patients and those
who were merely at bed rest, it was necessary to immobihze the
subject m a cast up to the chest cage 1 think there 1s enough
activity during bed rest so that muscle blood flow 1s not depressed
to such a degree as to represent the differences shown

Burton Did you follow the weight changes? Wouldn't they be
a good index?

Engel We did not follow the weights of these students

Burton A normal medical student on 1500 calories a day 1s bound
to lose weight It certamly 1s not adequate, 1s 1t, for his calor-
metric requirements?

Engel 1 suspect 1t depends on the medical student Some are
more energetic than others

Green Did you make any serial studies to see whether you had
reached the pomnt of maximum response of the student to the diet?

Engel No, we did only one study with the diet We did vary the
cortisone dose but not the diet

von Euler What was the dose of msulin given n this study?

Engel One-tenth umt per kilo We have a large number of studies
m which we gave vanous doses, ranging down to one-eighteenth
unit per kilo, in a futile attempt to demonstrate that the normal
mdividual has some resistance to insulm after getting cortisone for
a day or even for a week From the hterature, one gets the impres-
sion that resistance to msulin 1s a quite regular response to cortisone
On the other hand, as soon as we did this on the 111 people, we found
that very quickly, m four hours, they were 1esistant to msulin
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Ficvre 11 Impawred insubn tolerance m cortisone-treated ill subjects compared
to lack of effect of either cortisone or illness per se on mnsuhn tolerance

for 180 munutes (Figure 11). In the normal students, 200 mg of
cortisone had no effect on the response to msulin. Ill subjects in
this study likewise showed an essentially normal response to mmsulin,
but when pretreated with a smgle dose of cortisone, they exhibited
clear-cut msulin msensitivity, the blood sugar falhng only to 72 mg.
per cent

These data mdicate to us that the adrenal cortex intervenes in
metabohic responses to mjury m a peculiar manner It cannot be
said to be the primary factor in producing the alterations in carbo-
hydrate and piotemn metabolism Rather, there seems to be some-
thing mtrmsic i the response to mjury tself which 1s potentiated
by the presence of adrenal hormone. The mdividual who 1s under-
gomg this reaction to injury, when given cortisone or adrenal
hormone in excess of his need, gets a much bigger reaction from
it, apparently, than does the normal mdividual This corresponds
fairly well with chmcal expenence, because it 1s true that the very
11l people who are given ACTH, or cortisone, are usually the ones
who are very much more likely to exhibit overdose effects than the
relatively healthy people who may take the same dose for a long

time.
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with respect to ketosis, we have found that the adrenal cortex not
only does not stmulate ketosis but actually mhibits it, so that we
cannot attribute to adrenal cortical sitmulation the change 1n ketone
body metabohsm that occurs in response to mjury.

Shorr These findings may have a bearing on two aspects of
shock People may be exposed to shock erther quite suddenly
when m an otherwise healthy state, or after a series of stresses such
as occur on the battlefront Do these changes represent unfavorable
or favorable chimates for the recovery from shock, and how do they
influence the compensatory responses to a reduction i blood
volume from whatever cause? Have you any evidence as to what

prelminary conditioning does to an ammal exposed to blood loss
or to trauma?

Engel We do not have any direct evidence, what we have 1s
rather mdirect or negative We certamnly know that the adrenal-
ectommzed ammal who does not get this response behaves poorly,
and the depleted orgamism that doesn’t get this response tends
to behave less well than the normal healthy orgamism Certanly
the well-nourished healthy young man, for example, who appears
to get the metabolic response to mjury maximally, seems to do
better than do the people who are poorly nourished and who do
not get the response But exactly what this response really means
m terms of protecting the orgamism, I have no good idea

Shorr In an anmimal that has been buffeted about and poorly
fed, the same type of shock 1s produced by exposure to smaller
blood loss Whether this results from the progressive exhaustion
of the adrenal’s capacity to respond 1s somethmg that 1s still a
matter of controversy A pomt I should like to bring up, which
supports your concept of general, nonhoimonally-conditioned, adap-
tive responses, 1s that it 1s possible, by careful tramming, to get an
ammal that has been adrenalectomized and mamtamed on salt
without adrenal extracts to withstand a degree of shock which 1s

usually fatal for a normal animal That 1s correct, 1s 1t not, Dr Baez?
Baez Yes

Shorr 'Will you describe how you carried out this slow condition-
mg with sublethal drummings?

Baez In adrenalectomized, one per cent salt-mamntamed rats,
mortahty reached 80 to 85 per cent at 500 rotations In order to
make these animals resistant, they were mitially given 100 rotations
and the amount of trauma was mcreased 50 rotations each time
untll, after four to five weeks, sixty per cent of the rats had
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Green Were there any changes m the circulatory responses of
the 11l and normal groups?

Engel: Not that we could ascertam If anythmng, the students had
more severe reactions to the msulm But I think this might be
because the students anticipated a reaction, even though we did not
tell them what they were getting We had student controls who were
given salme mtravenously, and many of them were sure they were
having msulm reactions

Haist Would you expect to get the same result from ACTH
admmistration?

Engel Yes We have done a certain number of experiments with
ACTH, and pretty much the same response occurs. We have much
fewer data on ACTH, though, than we do on cortisone.

Haist There seem to be some differences 1 the stmulating effects
of ACTH and cortisone on the 1slands of Langerhans.

Engel 1 wonder whether that 1s due to the fact that just about

every preparation of ACTH 1s fairly well contamimnated with growth
hormone

Haist. That I couldn’t say

FACTORS INFLUENCING THE RESPONSE TO
SHOCK-INDUCING AGENTS

Engel One might say that all this 1s a long cry from shock, but
I think 1t does have a bearing on certain questions For example,
does the adrenal have somethng to do with the body’s abihity to
respond to an agent which mught induce shock, and does giving
adrenal hormone to prevent shock do any good? As regards the
latter question, I should be rather inchned to say from the data
I've discussed that 1t 1s probably best not to meddle, that these
reactions are proceeding by some determmant other than the
adrenal cortex, and that by adding adrenal hormone beyond that
which the body 1s already supplying, homeostasis might actually
be upset rather than preserved

I also wish to pomt out that from the various things we have
studied we have reason to believe that not all the metabolic actions
I have mentioned were permissive reactions of the adrenal cortex
One example 1s the ketosis and fatty hiver that 1s associated with
myury In the case of fatty hver, Levin (8) and others have raised
serious questions about whether the adrenal 1s concerned with this
i a primary sense Actually, some factor from the anterior pitwitary
seems mvolved Possibly growth hormone 1s the important factor,
but the adrenal hormone has to be present for 1t to happen Also,
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of this period, and for several days thereafter, these 1ats are re-
sistant to as many as 1500 drummings, a 100 per cent lethal exposure
for normal untrammed rats Ammals which are made progiessively
resistant over a period of eight to ten days maintain their resistance
to drum trauma for as long as two to three weeks

Stead 1 should like to know what a rat does while he is beng
drummed

Zwetfach The ammals are placed m the drum with their paws
taped together so that they cannot grasp the walls of the drum.
As the drum rotates, the rat 1s carried along on a wedge until, by
gravity, he falls and strikes against the surface of the opposite side
of the drum On the average, the rat falls about 10 mches This
type of tumbhng and falling 1s repeated at the rate of about 45 per
mmute After several rotations, the falls appear to be uniform,
with the rat apparently in a dazed, hmp state

Moe 1If this were a learning process, 1t would hardly explam the
cross tolerance to other varieties of shocking stimul.

Nickerson Has an attempt been made to condition animals by
repeated sublethal hemorrhages over a period of time? If this
procedure produces resistance to subsequent trauma, it would
answer a number of questions which have been raised.

Shoir It has often come to our munds but has never been ex-
plored It should be

Green The question was 1a1sed a minute ago as to whether
repeated bleedings increase the tolerance to bleeding I do not
know of any work that has been done over a period of days or
weeks, but there was a study during the last war m which succes-
sive bleedings were done during approximately a day, followed m
each case by remfusion In each successive bleeding, the dogs had
a smaller bleeding volume In other words, the bleedings decreased
rather than increased the tolerance (9)

Fremont-Smith Has conditioning by means of straight exercise
been tned?

Zwerfach Several regimens of muscular exercise have been ex-
plored without mducing the phenomenon of resistance Likewise
unsuccessful was simple rotation without trauma Padding the
muscular parts of the body serves to prevent the development of
resistance Apparently, a defimite degree of muscle trauma must
be mvolved 1n this type of conditioning

Baez When normal rats are provided with a protective padding
of the abdominal wall, so as to prevent direct visceral exposure to
trauma, and are subjected to increasing numbers of rotations m
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developed resistance to 700 to 750 rotations of the drum The
remamning 40 per cent died after 600 or 700 rotations

Shorr: In other words, resistance was achieved by smaller m-
creases 1 the number of drummings to which they were progres-
sively exposed So the capacity for resistance 1s inherent in certain
nonadrenal, hormonally-conditioned reactions of the body.

Engel Do you think the phenomenon of resistance, as studied
by this techmque, 1s the same as that by which the ammal protects
itself from 1ts first myury?

Zweifach Such a distinction 1s 1mportant The mechanisms by
which the rat progressively becomes resistant to the lethal effects
of drum trauma may be basically different from the adaptive
reflexes which enable the animal to combat successfully the mitial
traumatic msult

Moe How long did 1t take to condition these adrenalectormzed,
salt-maintained rats?

Baez It took twice as long to condition the adrenalectormzed
rats to tolerate 700 revolutions mn the drum as 1t took for the normal
rats, smce we mcreased the rotations by 50 each time with the
adrenalectomized rats and by 100 with the controls

Moe Would they go mto failure after you were through with
them?

Zweifach The rats used m these experiments were mamtamed
after adrenalectomy by supplementing their diet with one per cent
sodium chloride m the drnking water Such animals survived for
six or more months 1 apparently good health Trauma resistant,
adrenalectomized rats will die within two to three days when
deprived of supplementary salt, just as do control, undrummed,
adrenalectormzed rats The development of resistance to trauma
15 not accompanmied by resistance to the effects of adrenal nsuf-
fictency per se

Nickerson. An ammal might develop, over the period of traming,
an ability to adjust his metabolism and become a little more re-
sistant However, can we rule out a more mechanical conditioning,
something like the formation of callus on the hands? Could there
be simply a strengthening of the connective tissue 1 fascial planes
so that a revolution of the drum no longer gives the same kind of
jolt to an internal organ as before?

Zweifach 1 doubt whether this 1s the type of factor which 1s
operating Such an explanation would not account for the develop-
ment of resistance to drum trauma by repeated sublethal drum-

mings over a period as short as seven to eight hours At the end
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of this period, and for several days thereafter, these rats are 1e-
sistant to as many as 1500 drummings, a 100 per cent lethal exposure
for normal untramed rats. Ammals which are made progressively
resistant over a period of eight to ten days maintam their resistance
to drum trauma for as long as two to three weeks

Stead 1 should like to know what a rat does while he 1s bemng
drummed

Zwerfach The animals are placed m the drum with their paws
taped together so that they cannot grasp the walls of the drum
As the drum rotates, the rat 1s carried along on a wedge until, by
gravity, he falls and strikes agamst the surface of the opposite side
of the drum On the average, the rat falls about 10 inches This
type of tumbling and falling 1s repeated at the rate of about 45 per
minute After several rotations, the falls appear to be umform,
with the rat apparently i a dazed, hmp state

Moe. If this were a learning process, 1t would hardly explam the
cross tolerance to other varieties of shocking stimuli

Nickerson Has an attempt been made to condition animals by
repeated sublethal hemorrhages over a period of time? If this
procedure produces resistance to subsequent trauma, 1t would
answer a number of questions which have been raised

Shorr It has often come to our minds but has never been ex-
plored It should be

Green The question was raised a minute ago as to whether
repeated bleedings mcrease the tolerance to bleeding I do not
know of any work that has been done over a period of days or
weeks, but there was a study during the last war m which succes-
sive bleedings were done durmg approximately a day, followed 1n
each case by remnfusion In each successive bleeding, the dogs had
a smaller bleeding volume. In other words, the bleedings decreased
rather than increased the tolerance (9)

Fiemont-Smith Has conditioning by means of straight exercise
been tried?

Zwerfach Several regimens of muscular exercise have been ex-
plored without mducing the phenomenon of resistance Likewise
unsuccessful was simmple rotation without trauma Padding the
muscular parts of the body serves to prevent the development of
resistance Apparently, a defimte degree of muscle trauma must
be mvolved m this type of conditioning

Baez* When normal rats are provided with a protective padding
of the abdominal wall, so as to prevent direct visceral exposure to
trauma, and are subjected to increasmg numbers of rotations m
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developed resistance to 700 to 750 rotations of the drum The
remaming 40 per cent died after 600 or 700 rotations

Shorr. In other words, resistance was achieved by smaller m-
creases 1 the number of drummings to which they were progres-
sively exposed So the capacity for resistance 1s mherent 1 certam
nonadrenal, hormonally-conditioned reactions of the body

Engel: Do you think the phenomenon of resistance, as studied
by this technique, 1s the same as that by which the amimal protects
itself from 1its first mjury?

Zweifach Such a distinction 1s mmportant. The mechanisms by
which the rat progressively becomes resistant to the lethal effects
of drum trauma may be basically different from the adaptive
reflexes which enable the anmmal to combat successfully the mitial
traumatic insult.

Moe' How long did 1t take to condition these adrenalectomized,
salt-mamtamed rats?

Baez. It took twice as long to condition the adrenalectomized
rats to tolerate 700 revolutions m the drum as 1t took for the normal
rats, smce we mcreased the rotations by 50 each time with the
adrenalectomized rats and by 100 with the controls

Moe. Would they go into failure after you were through with
them?

Zweifach The rats used m these expermments were mamtamed
after adrenalectomy by supplementing their diet with one per cent
sodium chloride mn the drmmking water Such animals survived for
six or more months m apparently good health Trauma resistant,
adrenalectomized rats will die within two to three days when
deprived of supplementary salt, just as do control, undrummed,
adrenalectormzed rats The development of resistance to trauma
1s not accompamed by resistance to the effects of adrenal msuf-
ficiency per se

Nickerson An animal might develop, over the period of training,
an ability to adjust his metabolism and become a little more re-
sistant However, can we rule out a more mechanical conditioning,
something like the formation of callus on the hands? Could there
be simply a strengthening of the connective tissue 1n fascial planes
so that a revolution of the drum no longer gives the same kind of
jolt to an internal organ as before?

Zweifach 1 doubt whether this 1s the type of factor which 1s
operatmg. Such an explanation would not account for the develop-
ment of resistance to drum trauma by repeated sublethal drum-

mings Over a period as short as seven to eight hours At the end
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of this period, and for several days thereafter, these rats are re-
sistant to as many as 1500 drummuings, a 100 per cent lethal exposure
for normal untramed rats. Anmmals which are made progressively
resistant over a period of eight to ten days mamtam therr resistance
to drum trauma for as long as two to three weeks

Stead. I should like to know what a rat does while he 1s bemng
drummed

Zweifach The animals are placed m the drum with then paws
taped together so that they cannot grasp the walls of the drum
As the drum rotates, the rat 1s carried along on a wedge unti], by
gravity, he falls and strikes agamnst the surface of the opposite side
of the drum On the average, the rat falls about 10 inches This
type of tumbling and falling 1s repeated at the rate of about 45 per
minute After several rotations, the falls appear to be uniform,
with the rat apparently i a dazed, hmp state

Moe If this were a learning process, it would hardly explam the
cross tolerance to other vaneties of shocking stimul

Nickerson Has an attempt been made to condition animals by
repeated sublethal hemorrhages over a period of time? If this
procedure produces resistance to subsequent trauma, it would
answer a number of questions which have been raised

Shorr It has often come to our minds but has never been ex-
plored It should be

Green The question was raised a minute ago as to whether
repeated bleedings mncrease the tolerance to bleeding I do not
know of any work that has been done over a period of days or
weeks, but there was a study during the last war m which succes-
sive bleedings were done during approximately a day, followed n
each case by remnfusion In each successive bleeding, the dogs had
a smaller bleeding volume In other words, the bleedings decreased
rather than mcreased the tolerance (9)

Fremont-Smith- Has conditioning by means of straight exercise
been trned?

Zweifach Several regimens of muscular exercise have been ex-
plored without mducing the phenomenon of resistance Likewise
unsuccessful was simple rotation without trauma Padding the
muscular parts of the body serves to prevent the development of
resistance Apparently, a definite degree of muscle trauma must
be mvolved 1n this type of conditionmg

Baez When normal 1ats are provided with a protective padding
of the abdommal wall, so as to prevent direct visceral exposure to
trauma, and are subjected to increasing numbers of rotations m
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the drum, these amimals also develop resistance We exposed the
rats i the drum every other day, increasing the number of rotations
by 100 each time Forty-eight hours after the last drumming of
1000 rotations with paddmg, they were exposed to 1000 and 1200
rotations without the abdommal protection, and were found to
withstand this trauma

Shorr: In other words, padding m a certain manner pernuts the
development of resistance

Baez Yes We tried to protect the abdominal viscera as well as
we could, padding the abdomen with foam rubber about ¥ inch
thick When rotated in the drum or exposed to standard hemor-
rhagic procedures, we found they had develoned resistance to these
types of stress

Fremont-Smith Do 1 gather, then, that if padded completely,
they do not develop resistance, but 1f the abdomen only 1s padded,
and the other muscles exposed to trauma, they do develop a
1esistance? Is that the distinction?

Baez: We have no experience with complete padding of the
ammal I referred to padding of the abdomen only, leaving the
rest of the muscles exposed to trauma

Shorr Wasn't that done under anesthesia?

Baez 1 think they were anesthetized amimals

Shorr That mght very hikely be the determming factor

INTERMEDIARY METABOLISM DURING SHOCK

Engel We might now go on to consider some of the changes
which are more characteristic of the stages about which there 1s
agreement that shock has developed Figure 12 1s a “road map”
of mtermediary metabolism m shock What I tried to do in this
diagram was to mdicate both concentrations or amounts of certain
metabolites 1 tissue or body flud as well as hypothetical rates of
reaction m either direction, the amounts bemg indicated by the
size of the bars, and the rates of the reaction by the size of the
arrows, wrespective of direction It will be seen that all these
arrows are two-way. The three different arrows at each poimnt
represent the normal state and early and late shock It should
be emphasized that these comparisons are relative and quite arbi-
trary, they do not represent precise quantitative relationships
Also, T have divided the diagram mto certan arbitrary compart-
ments m which some of the main metabolic changes take place,
L e blood, muscle, and hver This was not done with the intention
of 1gnoring other organs, but these, 1n our experience at least, turn
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out to be the organ systems which make the greatest contribution
to the changes measurable 1n the blood

I shall begin by describing some of the changes i the blood
that one sees when an ammal 1s subjected to shock, and then go
on from that to consider the evidence for contributions by dif-
ferent organs, organ systems, or tissues to the changes in the blood
To consider carbohydrate metabolism first the earhest change, as
already mentioned, 15 a rnse m blood sugar resulting from hver
glycogenolysis It may rise to extremely high levels, and the level
which 1t reaches m any species depends to a considerable degree
on how much liver glycogen there 1s The rat which has been
fasted and then put on an ordinary chow diet, which 1s not very
high i protem, will have a modest rise m blood sugar in response
to certam types of mjury If that same rat 1s put on a high protemn
diet for some time and then 1s fasted, 1t will have a much greater
nse m blood sugar after mjury

The dog, which is accustomed to a high protemn diet, may have
extremely rapid nises m blood sugar, up to 200 mg per 100 gm or
more  Obviously, if the ammal or mdividual has recently eaten

and has a lgh hver glycogen, the blood sugar will nise to much
higher levels
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Zweifach' In subdividing the shock syndrome into early and late,
are you using an arbitrary method of determining the onset of
these phases, or does the latter phase represent the hypotensive
state?

Engel. That 1s a bad thing to try to be specific about at this
Conference

Zweifach 1 think 1t would be helpful to define certamn basic
terms with reference to the many metabolic changes which are
bemg presented Are these metabolic derangements related to
shock, to hypotension per se, or only to the specific experimental
procedure bemg used?

Engel 1 think the best that can be said 1s that the changes
classified as late shock are m general the things that are happenmng
after the ammal has been hypotensive for a considerable period
of time and 1t can be anticipated that he 1s gomg to die before
long Late shock may be considered as synonymous with wre-
versible shock

Zweifach- Will some of these metabolic changes appear, for
example, m a man who has been subjected to phlebotomy, without
any change m blood pressure?

Engel. None of the late changes will, some of the early ones will

Zweifach In other words, hypotension 1s not a necessary pre-
requisite for many of these metabolic alterations

Engel For the blood sugar change, I would say no, for some
of the others, I suspect 1t is When we deal with the changes in
early shock, we are on the borderlme of that no-man’s-land I
1eferred to before, where 1t 1s very difficult to classify either the
metabolic changes or the circulatory changes in terms of their
precise meaning

Shorr Most of these data are on hemorrhagic shock?

Engel- Yes

Shoir: The late stage 1s that in which the amimal 1s entering the
phase of circulatory deterioration?

Engel Yes

Fine. Is shock induced abruptly or slowly?

Engel This, of course, also mfluences the result If the shock
;s mduced abruptly, many of these thungs occur much sooner.
When I say shock, I mean a situation n which circulatory deteriora-
t1on occurs rapidly, induced say, by hemorrhage 1n 30 to 60 mutes
nstead of over five hours In the former, the changes may or may
not develop early There may be quite a lag before they take place,
and then they develop more rapidly, or they may begmn almost
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immediately with the bleeding. On the other hand, if the same
hemorrhage 1s extended over four or five hours, the early changes
may only begin to occur after four to five hours and the late changes
some hours afterwards This 1s all in the way of semantics as to
how the experiment is defined

Fine. It 1s not altogether semantics, for Dr. Long (10) described
the depletion of cholesterol and ascorbic acid n a rat which was
bled two per cent of its body weight over a period of four hours
My question 1s whether that depletion would occur if the adrenals
were abruptly put out of circulation, so to speak, by rapid bleeding,
to the extent of four per cent of the body weight, which 1s the way
we produce hemorrhagic shock I have reason to question whether
one could deplete the adrenal of its cholesterol and ascorbic acid
by such rapid bleeding, because when we applied Sehgman’s stain
for ketosteroids m the adrenal cortex, we did not see a depletion
of ketosteroid 1n abrupt bleeding, but we did see 1t 1 such stresses
as starvation, uradiation with x-ray, and exposure to cold. There-
fore, the speed of induction of shock may affect the response of a
variety of metabolic processes

Engel It certamly affects the result temporanly, but I think it
1s farr to say that, with certam exceptions which I will mention
n the course of the description of these changes, m our experence
just about everything that we have seen n the normal animal well
along 1n shock occurs in the adrenalectomized ammal, too Rela-
tively few of the changes given n Figure 12 are dependent on the
adrenal The only one that I think of 1s the mmtial rise m blood
sugar In the absence of the adrenal medulla or the adrenal cortex,
this 15 not found, the blood sugar falling progressively All the other
changes occur, although 1t 1s true that quantitatively they might
not occur to exactly the same degree that they occur m a normal
animal, nonetheless, they do occw

Your pomt 1s very well taken, certamly as far as those reactions
which are dependent to some degree upon the presence of an
mntact adrenal cortex are concerned

Buich Is there any difference, as far as you know, between the
so-called late shock and the state of any dymg ammal regardless
of the etiology of the dymg state?

Engel T would strongly suspect not, because I think that almost
everybody dies i shock eventually

Burch Is your defimtion of late shock the state of any patient
or any amimal that 1s dymng?
Engel Tt could be
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Zweifach: In subdividing the shock syndrome mto early and late,
ale you usmg an arbitrary method of determining the onset of
these phases, or does the latter phase represent the hypotensive
state?

Engel That is a bad thing to try to be specific about at this
Conference

Zweifach. 1 think 1t would be helpful to define certain basic
terms with reference to the many metabolic changes which are
bemng presented Are these metabolic derangements related to
shock, to hypotension per se, or only to the specific expermmental
procedure being used?

Engel 1 think the best that can be said 1s that the changes
classified as late shock are in general the things that are happening
after the ammmal has been hypotensive for a considerable period
of tuime and 1t can be anticipated that he 1s gomng to die before
long Late shock may be considered as synonymous with ire-
versible shock

Zwerfach 'Will some of these metabolic changes appear, for
example, m a man who has been subjected to phlebotomy, without
any change m blood pressure?

Engel None of the late changes will, some of the early ones will.

Zweifach In other words, hypotension 1s not a necessary pre-
1equisite for many of these metabolic alterations

Engel For the blood sugar change, I would say no, for some
of the others, I suspect it 15 When we deal with the changes m
early shock, we are on the borderline of that no-man’s-land I
1eferred to before, where 1t 1s very difficult to classify either the
metabolic changes or the circulatory changes m terms of their
precise meanmng

Shorr Most of these data are on hemorrhagic shock?

Engel. Yes

Shorr+ The late stage 1s that in which the ammal is entering the
phase of circulatory deteroration?

Engel Yes

Fine. Is shock mmduced abruptly or slowly?

Engel. This, of course, also mfluences the result If the shock
is mduced abruptly, many of these things occur much sooner
When I say shock, I mean a situation 1 which circulatory deteriora-
t10n occurs rapidly, induced say, by hemorrhage 1 30 to 60 minutes
nstead of over five hours In the former, the changes may o1 may
ot develop early There may be quite a lag before they take place,
and then they develop more rapidly, or they may begmn almost
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death under all conditions I mention 1t only because we have found
that we could more or less diaw a line to separate so-called late
shock from early shock by the change mn ammo acids If no change
m ammo acids occuried, we couldn’t be sure that the amimal was
getting to the later stage of shock, whereas if there were a rise m
ammo acids, we had reasonable confidence that this was so

Fine. Do you mterpret the nse mn ammo acids as a metabohe
phenomenon, or may 1t possibly result from slow flow m the periph-
eral circulation?

Engel: I think 1t 1s a combmation of both speed of circulation
and metabolic changes 1n muscle and 1 liver One of our problems
m this discussion will be to attempt to differentiate between the
effects of phenomena which are purely secondary to changes mn
rate of circulation and those which are due to actual changes n
metabolism 1 the organ or tissue I hope to get into that in a
minute

One of the changes that has interested us recently has been
studied m my laboratory by Dr T B Schwartz the change m
proteolytic enzymatic activity of plasma in rats during hemorrhage
and shock We weie curious about this from the standpomnt of
whether there might be correlation between the rise i plasma
amino nitrogen and enzymatic activity, sice there 1s evidence that
the latter reflects, m part, an enhanced role of protemn catabolism
m muscle and elsewhere Other mvestigators have measured
peptidase activity 1n serum, but all such studies dealt either with
muscle trauma, as 1n the case of Green and Stoner’s work (11), or
with burns, as m the case of Zamecmik’s work (12) In both cases,
the significance of the observed changes was obscured by the
problem of direct release of enzymes from the mechanically dam-
aged tissue, and by the fact that m both these types of experiments
there was a considerable element of hemolysis Since the red cell
contains about twenty times as much peptidase activity as the
plasma (13), 1t 15 difficult to mterpret changes 1 plasma peptidase
activity 1 the presence of hemolysis

The results of Dr Schwartz’s study on the peptidase activity m
nonhemolyzed plasma m hemorrhagic shock are shown m Figure
13 It demonstrates that peptidase activity does rise under cucum-
stances where we are not dealing with direct muscle trauma or
hemolysis We have not done too much on the source of the enzyme,

but I will show some data later on to indicate the possibility that
1t may come, m part at least, from muscle
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Burch Are we concerned with the study of the chemustry of
mmpending death?

Engel If we are measuring impending death, then the late
changes are not very important perhaps. I think that nobody has
established whether these changes that we study mm shock really
precede mmpending death whether the mdividual dies because of
these changes or whether these changes are taking place because
he 1s beginning to die '

Zweifach What 1s meant by impending death? Is the state of
shock a continuous spectrum or are there discrete compartments
that can be ruled off? Can 1t be said that when a patient 1s dyng,
one set of metabolic derangements 1s put into motion, 1 con-
trast to the progressive array of changes which develop durmng
stress and become exaggerated as the condition persists?

Engel 1 suspect 1t 1s probably the latter. Maybe we can come
to more agreement about that after discussing the changes that
take place

In addition to the nse m blood sugar, which 1s most striking
during the early phases and lasts well nto shock, a fall m blood
sugar eventually occurs m the normal ammal This 1s decidedly
a very late change, except m the adrenalectomized or demedul-
lated ammal m which 1t begins very early There are changes mn
blood pyruvate and lactate, with comparable rises m both, until
the late stage of shock when the blood sugar 1s faling and the
lactate to pyruvate ratio increasing because of a more rapid rise
m lactate. The degree to which these occur 1s agamn very much
determmed by how the shock 1s mnduced, 1 e, hemorrhage, muscle
clamps, or tourniquet Some of these changes are much more
striking 1 tourmiquet shock, or with other techmiques imvolving
muscle damage, than i hemorrhagic shock The mcrease i the
lactate-pyruvate ratio has been mterpreted as suggestive of a shift
to anaerobic carbohydrate metabolism

In protemn metabolism, the rise in blood ammo acid nitrogen
occurs fairly early and 1s progressive m the rat if nreversible shock
s mduced In other species, 1t 15 much less promment, although
m most some change m ammo acids 1s eventually found if the
process 1s followed long enough In the rat 1n hemonhagic shock,
1t has been a sensitive mndicator of the course of shock I have
never seen a rat having a significant elevation m blood amino mitro-
gen that survived without treatment. With treatment, this, of course,
1s different, and I do not mean to 1mply that a rise 1 amino acid
is a cause of death or that 1t is necessarily absolutely indicative of
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and the circulaion We recently carried out studies on blood ketone
bodies m rats during hemorrhagic shock In the course of these
studies, we found that fasting ketonerma 1s extraordinanly sensitive
to changes 1n the circulation.
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Ficure 14 Change mn blood ketone levels durmg sublethal hemorrhage and shock
compared with that in rats fasted a comparable period

The anmmals in the experiments of Figure 14 were all fasted 24
hours, and then expermmental measurements were begun. As can
be seen, the normal animal m the course of a further seven hours
of fasting showed a gradual nse m blood ketones, as one would
expect Even a small hemorrhage, one which was associated with
10 nse 1n plasma amno acids and followmg which the ammals did
not appear particularly 1ll, was associated with a suppression of
fasting ketosis Parenthetically, I think this phenomenon has a
be'armg on the results of many studies on ketosis in the rat. Any-
thing that mterferes with the circulation or produces a slight
respiratory hypoxia may quickly suppress ketosis. This 1s particu-
larly true 1n adrenalectomized rats, and may account for the com-
mon finding that ketosis does not readily develop mn the untreated

omized ammal In ammals that were bled nto shock,
& mean nse of plasma ammo mtrogen of 1220 mg per 100
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ammo peptidase expressed as millimols of glycylglycylglycine sphit per hour by 01
ml plasma per one ml of hydrolysis mixture (05 ml of 01 mM GGG, 05 ml of
0 002 mM barbital buffer pH 78 and 05 ml of 085% NaCl) during hemorrhagic
shock Data expressed as mean = S E Rats were bled 8% of body weight during
the first hour and 05 to 1 0 ml every one to two hours thereafter until death

In addition to changes m blood ammo nitrogen, small changes
mn blood ammomia levels m hemorrhagic shock have been reported
by various mvestigators, but they have never been strking. I
believe the maximum rise that Wilhelm, et al (14) found was
something of the order of a half milhgram per 100 gm 1n the
plasma, and they found that, i general, the concentration of
ammonia 1 plasma was lower than tissue ammoma levels prior to
shock It 1s unlikely therefore, that blood ammonia elevations are
of any sigmficance from the standpomt of toxic effects

The changes m blood urea are complicated by the fact that we
are dealing with both renal and hepatic phenomena here. The
blood urea goes up steadily i shock because of renal failure, but
the rates of urea production by the hver vary, bemng increased at
frst and then decreased as hepatic circulation fails

Fnally, we come to fat metabolism Theie has been practically
nothmg published on changes in fat metabolism 1n relation to shock
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and the circulation. We recently carried out studies on blood ketone
bodies 1n rats during hemorrhagic shock. In the course of these
studies, we found that fasting ketonerma 1s extiaordinanly sensitive
to changes 1 the circulation
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Ficure 14 Change mn blood ketone levels durng sublethal hemorrhage and shock
compared with that m rats fasted a comparable period

The animals in the experiments of Figure 14 were all fasted 24
hours, and then experimental measurements were begun. As can
be seen, the normal ammal 1 the course of a further seven hours
of fasting showed a gradual nise in blood ketones, as one would
expect Even a small hemorrhage, one which was associated with
10 rise 1n plasma amno acids and following which the anmmals did
not appear particularly 1ill, was associated with a suppression of
fastu}g ketosis  Parenthetically, I think this phenomenon has a
be‘anng on the results of many studies on ketosis i the rat Any-
thing that mterferes with the circulation or produces a shght
respiratory hypoxia may quickly suppress ketosis This 1s particu-
larly true in adrenalectomized rats, and may account for the com-
mon finding that ketosis does not readily develop m the untreated
ad.renalectormzed animal In anmmals that were bled mto shock,
with a mean rise of plasma ammo nitrogen of 12.20 mg per 100
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gm , ketone levels go down quite sharply This same phenomenon
occurs m adrenalectomized animals, so 1t 1s not due to stmulation
of the adrenal cortex, and also probably 1t 1s not due to epinephrine
We have found that in the normal rat an mjection of epmephrine
does cause a decrease 1n ketone body levels at the first hour, but
then at two or three hours the ketones are defimitely increased
Interestingly enough, when epmephrine 1s given to adrenalecto-
mized ammals, 1t causes a continual decrease i the ketone levels
This 1s not a dose of epmephrine sufficient to kll adrenalectommzed
animals

There are some peculiar things about the circulation and ketone
body metabolism which deserve mvestigation. For example, Janes
(15) has reported that nicotinic acid administered itraperitoneally
causes a marked mse m blood ketones, while nicotinanmde does
not More recently, he found that Priscohne will do the same
thing This makes me wonder just what the circulation through the
hiver has to do with ketone body formation

Stead 1 thought that people with Addison’s disease didn’t get
ketosis easily Am I right or wrong?

Engel 1 don’t think that 1s nght That mmpression may be related
to the fact that the circulation 1s bad, and ths, rather than adrenal
msufficiency, may suppress ketosis I have seen one patient with
diabetes and Addison’s disease come mto the hospital in marked
hypoglycemia and with very high levels of blood ketones I am
not sure that there cant be ketosis m the absence of the adrenal

Burch The general mechanism of this 1s not clear to me. Do
you mterpret this to mdicate a decrease m the rate of destruction
of ketone bodies or an increase i the rate of production?

Engel Up to this pont, we haven’t iterpreted 1t The effect of
mfusion of sodium octanoate on ketone levels before and after
shock does not answer this pomt conclusively but strongly suggests
that ketone body production by the hver may be the important
pomnt of mfluence by shock

Green. If 1 followed you correctly, you said that a single njec-
tion of epmephrme would lower the ketones and that afterwards
they would go up

Engel: Yes

Green If you gave a continuous infusion of epmephrine, would
they go down and stay down?

"noel We haven’t done that
gzgzias. How do you measure amno mitrogen 1n the blood?
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Engel We have used the colorimetric method of Fiame, Russell,
and Wilhelnu (16) Studies done with the Van Slyke method have
mndicated rises, but theire has not always been a one to one correla-
tion with the colorimetric method.

Cotzas That is very mteresting because 1t 1s quite possible that
a small part of the amino nitrogen nught be m the form of amines,
which might, of course, explain very many of the pharmacologic
findings

Engel 1 think D1 Haist had some data on the comparison of
the Van Slyke and the Fiame method.

Hast Yes, there was a lesser rise in amino mitiogen when deter-
mmed by the ninhydrin procedure than by the modified method
of Damelson (17)

Engel And I should say that in lus studies on proteolytic enzyme
activity, Dr Schwartz measmed plasma ammo nitrogen by the
colormmetric minhydrm method, the modification of Moore and
Stem There were good 11ses by this method, which measures ammo
acids more specifically

Cotzias No, 1t doesn’t. I don’t think it 15 much more specific
than the Frame method

Engel Oh, you don’t?

Cotzias 'With the Stein and Moore method, even ammonia will
give just about the same color as amino acids

Engel Yes of course Ammoma, I should have mentioned, 1s an
mmportant exception there We do know, however, that the con-
centration of ammoma 1n the blood even m late shock 1s so small
that 1t could not contribute much

Cotzias 1 wonder whether tyramine or tryptamine mght con-
tnbute to some of the phenomena that Drs Shorr and Zweifach
have been studying during the last few years

Engel 1 think 1t 1s very important to use methods that would
measure other amines

SIGNIFICANCE OF THE METABOLIC CHANGES IN SHOCK

Shorr To what degree do you thmk these changes represent
cntical or specific episodes m the shock syndrome? Perhaps you
might express your own judgment on that score as you describe
the phenomena

Engel The changes described thus far are relatively uncontro-
versial in the sense that everybody has measured these things and
seen them Where disagreement does arise 1s m considermg therr
meamng, particularly their meanmng i terms of the metabohe
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gm., ketone levels go down quite sharply. This same phenomenon
occurs 1 adrenalectomized animals, so 1t 1s not due to stmulation
of the adrenal cortex, and also probably it 1s not due to epmephrme.
We have found that m the normal rat an injection of epmephrine
does cause a decrease in ketone body levels at the first hour, but
then at two or three hours the ketones are definitely mcreased
Interestingly enough, when epmephrine 1s given to adrenalecto-
mized animals, 1t causes a continual decrease i the ketone levels
This 1s not a dose of epmephrine sufficient to kill adrenalectomized
animals

There are some peculiar things about the circulation and ketone
body metabolism which deserve mvestigation For example, Janes
(15) has reported that nicotinic acid admimistered imtraperitoneally
causes a marked rise m blood ketones, while nicotinamide does
not More recently, he found that Priscoline will do the same
thmg This makes me wonder just what the circulation through the
liver has to do with ketone body formation.

Stead 1 thought that people with Addison’s disease didnt get
ketosis easily Am I right or wrong?

Engel 1don’t think that 1s right That impression may be related
to the fact that the crculation 1s bad, and this, rather than adrenal
msufficiency, may suppress ketosis I have seen one patient with
diabetes and Addison’s disease come mto the hospital in marked
hypoglycerma and with very high levels of blood ketones I am
not sure that there can’t be ketosis in the absence of the adrenal

Burch. The general mechanism of this 1s not clear to me Do
you mterpret this to imndicate a decrease m the rate of destruction
of ketone bodies or an mcrease in the rate of production?

Engel Up to this pomnt, we haven’t interpreted 1t The effect of
mfusion of sodium octanoate on ketone levels before and after
shock does not answer this point conclusively but strongly suggests
that ketone body production by the hiver may be the important
pomnt of mfluence by shock

Green If I followed you correctly, you said that a single mjec-
tion of epmephrme would lower the ketones and that afterwards
they would go up

Engel Yes

Green If you gave a continuous infusion of epmnephrine, would
they go down and stay down?

] We haven’t done that
;Ejrol?:ias How do you measure amino mitrogen i the blood?
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venous oxygen saturation and the rise m the blood amimo mtiogen
The correlation was better than that of the blood ammo mitrogen
and the peripheral vein oxygen saturation. We also found a fairly
good correlation between the fall m blood pressure and the rise
m ammo mitrogen m the cat, as well as i the rat

When a comparison was made between the behavior of lver
slices from rats which had been similarly bled, and the rse m blood
ammo mtrogen, we found essentially the same correlation, namely,
that the higher the 11se m blood amino mtiogen, the greater was
the depression m the total oxygen consumption of the hiver shce
These latter data suggest that we are dealing with something more
than stmply a failure of amino acids to circulate to the liver, by
which I do not mean to imply that tlus something more 1s neces-
sarly cnitical

Shorr May I call attention to species differences In our labora-
tory, the oxygen consumption of the hver shce of the dog was
followed throughout the compensatory and decompensatory phases
of shock into irreversibility, and over-all depression 1n oxygen con-
sumption was only about 15 per cent There can be a profound
deterioration of the circulatory responses of the ammal with a
retention of the oxidative mechanisms

Engel This 1s true, also, of the cat, for which Wilhelm: and
Russell made measurements It 1s interesting that they found this
failure to exhibit a fall in Qo, true m a cat that was fasted over-
mght, but if they fasted the cat for 48 hours, the response was
just hike that in the rat This brings up two pomnts The first 1s that
the behavior 1s gomg to depend on certamn mtrmsic metabolic
characteristics of the species, as well as on previous diet and other
factors The second 1s that no one should jump to the conclusion,
from data such as these, that the liver has failed with respect to
1ts over-all oxadative capacity, and that this 1s responsible for what
happens m shock

When certam other parameters of ammo acid metabolism were
measured, again both m the intact amimal and in shces, further
sigmficant correlations were found We tackled the problem of
urea formation by a techmque essentially ssmilar to the one which
was used 1n the studies of the adrenal cortex which I spoke of
earlier, namely, studies on rate of accumulation of urea nitrogen
in the blood, m this case after mfusions of ammo acid solutions (20)
A continuous mfusion of an ammo acid mixture over three hours
at the rate of one millimeter per hour was used The animals were
nephrectomized the mght before, and a control rate of urea forma-
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mtegrnity of different organs Two basic considerations must be kept
in mind, even though our experimental data do not always enable
us to differentiate between them When there are metabolic changes
which we wish to attribute to something which happens to an
organ such as the liver, are they due to the fact that the blood
doesn’t flow through the hver fast enough, and, therefore, there 1s
a sort of prehepatic failure (or pie-renal failure, or pre-any-other-
organ-failure), or do these changes occur because mtrinsic ab-
normalities m the organ have developed which interfere with the
metabolism of substances that do circulate through the organ?
I think Dr Fme put lus finger on this a httle earlier, when he said
that 1t can be extraordinanly difficult to differentiate these pomnts.

In the work done at Yale, we tried to get at some of these pomts
by doing simultaneous studies, 1n the case of the hiver, for example,
by several different techniques One mmvolved the study of certamn
metabolites m the blood, and another the study of comparable
changes m those metabolites when various procedures were done
to impair the circulation through the hiver And, finally, comparable
studies were done on the metabolism of the hver shce in vitro,
both after the circulation had been restricted by shock and after
mechamcal blocking of the circulation to the hver I do think that
the combination of those approaches leads to safer ground in the

mterpretation of certain metabolic changes than if only one of those
things had been studied

The area concerning which we have the most mformation 1s
nitrogen balance. A striking change that occurred in our exper:-
ments was a rise 1 plasma amimmo mitrogen It 1s known that the
plasma amino nitrogen has 1ts origin 1n all tissues but that the organ
which 15 most concerned with regulatmg 1ts level 1s the liver The
liver assimilates amimo acids, erther by deamination with consequent
urea formation, or by mncorporation mto the cell as free amino acids,
as peptides, or protemn Liver protem 1s also continually turning
over and may contribute amno acids m its breakdown Other
tissues, such as muscle and kidney, are assimilating and releasing
ammo acids, too, but the liver 1s the mam site of deamination

I shall now present data which suggest that something happening
to the circulation of the liver has to do with the changes i plasma
and whole blood ammo mitrogen during hemorrhage and shock
(18,19) The level of the portal venous oxygen saturation was
measured m rats bled progressively over several hours mto shock,
and these levels were compared to those of the blood amuno nitro-
gen A good correlation was found between the fall in the portal
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in situ by a procedure which we devised of 1emoving the entire
gastrointestinal tract and leaving the circulation through the hepatic
artery mtact, such a liver has good respiration and good abihty to
keep amino acids from accumulating 1n the blood If a clamp 1s put
on the hepatic artery and the hver left totally anoxic for varymg
degrees of time, the liver will lose its subsequent ability to make
urea and to perform other functions, depending on how long it
was anoxic Actually, the resistance 1s surprisingly great Even aftel
two hours of anoxia, the liver has a pretty good ability to recover
eventually (18)

Shor1 One of the classic experiments of Van Slyke’s gioup
showed the manner 1n which the blood pressure, which 1s appaiently
the determmant of flow, mfluences liver functions If one observes
either the plasma ammonia mitrogen or the uric acid level m rela-
tion to the degree of hypotension produced, at about 50 mm pres-
sure, a continuity of the normal levels 1s seen and then with the
shift down to 30 mm pressure, a rapid rise in these constituents
occurs If, after about one hour, the blood pressure 1s 1estored by
transfusion, these circumstances are completely altered In the dog,
at any rate, the defects occurring at this degree of hypotension for
this period of time are corrected once the blood pressure has been
restored by transfusion

I think that Dr Fine also has some studies, if I am not mistaken,
m animals that went on to circulatory collapse but were able to
correct these defects temporarily Do I recall our conversation
correctly?

Fine: We found that even after the dog was no longer 1esponsive
to transfusion, 1t could still deammate individual amino acids
mjected mto the blood stream about as well as before the trans-
fusion The degree of depression of deamnation m the perod
prior to transfusion could not be attributed so much to failure of
Liver function as to poor blood flow Because 1t 1s difficult to deter-
mine these matters by mnferential data, we moved to the measuie-
ment of a specific function of the hiver that could not be confused
with the functions of other tissues, the capacity of the hiver to
make fibrinogen and prothrombin Those data venfy Dr Engel’s
view that there 15 indeed a severe functional mmpairment of the
hiver After they have recovered from shock, dogs show a very
much delayed capaaty to restore a depleted fibrinogen level to a
normal concentration The same 15 true of prothrombin
th::;"gefggtsﬂle question 1s, as I see 1t, the relationship of each of

n terms of their reversibility or nreversibility to the
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tion was calculated n control animals, prior to mfusion Then,
groups of ammals weie (a) not bled, (b) bled amounts which
1esulted 1n lethal shock, or (¢) bled a small hemorrhage which did
not result n death The total amount of urea nmitrogen formed m
the subsequent three-hour period was estimated by measuiing the
mcrease i blood urea

It was found, first of all, that following the mfusion of the ammo
acids mto these amimals, the normal animals formed considerable
amounts of urea in the subsequent three homis In the animal that
had had a small hemorrhage, the amount of urea formed was close
to normal at first but then increased over that of the normal animal,
indicating that early mn the response to hemorrhage, the hver cer-
tamly had a normal capacity for making urea. The mcreased urea
foimation presumably was from tissue amimo acids released into
the blood at relatively lugh rates In ammals that had died m
shock, on the other hand, the rate of urea mitrogen formation was
severely depressed We cannot say whether this was so because
the blood was flowing too slowly or whether the liver was m too
unhealthy a condition

Confirmation of the depression i urea synthesis 1s found mn the
data of Wilhelm: on the in wvitro synthesis of urea mtogen from
ammomum lactate, with and without ormithine, in liver shces from
animals 1 shock Mild, moderate, and severe degrees of shock were
defined m terms of the rise m blood amino mitiogen the moderate
were those that had a fair nise, and the severe were the ones that
had a marked increase The deciease in urea synthesis in vitro was
found to correspond closely with the degree of shock as reflected
m the blood amino nitrogen levels

Moe This could still be the result of the prior period of anoxia
of the hiver of that animal, couldn’t 1t?

Engel Yes, 1t could, and I will present some data on that pomnt
shoitly The best one can say 1s that when these tissue shces were

ut m a medium with oxygen, as they were m our work on the
shocked amimals, they did not recover their ability to make urea
to the same degree they had possessed before There was some
hangover from the effect on the lver of, presumably, hypoxia

Moe If the hiver shice 1s exposed to an anaerobic medium for a
pertod of time, and then re-exposed to oxygen, 1s there a residual
depression? Is that what you are implymng?

Engel Yes, we have quantitative data which mdicate that when
a normal hiver shice 1s put n a completely anaerobic medium, the
synthess of wea 1s depressed Also, if the hver 1s made anoxic
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in situ by a procedure which we devised of removing the entire
gastromtestinal tract and leaving the circulation through the hepatic
artery mtact, such a hver has good resprration and good abilty to
keep amino acids from accumulating m the blood If a clamp 1s put
on the hepatic artery and the hver left totally anoxic for varying
degrees of time, the liver will lose its subsequent abihity to make
urea and to perform other functions, dependmng on how long 1t
was anoxic Actually, the resistance 1s surprisingly great Even after
two hours of anoxa, the hver has a pretty good ability to recover
eventually (18)

Shorr One of the classic experments of Van Slyke’s gioup
showed the manner 1n which the blood pressure, which 1s apparently
the determmant of flow, influences hiver functions If one observes
erther the plasma ammonia mtrogen or the unc acid level 1n rela-
tion to the degree of hypotension produced, at about 50 mm pres-
sure, a continuity of the normal levels 1s seen and then with the
shift down to 30 mm pressure, a rapid rise i these constituents
occurs If, after about one hour, the blood pressure 1s restored by
transfusion, these circumstances are completely altered In the dog,
at any rate, the defects occurring at this degree of hypotension for
this period of time are corrected once the blood pressuie has been
restored by transfusion

I think that Dr. Fine also has some studies, 1f I am not mistaken,
m ammals that went on to circulatory collapse but weie able to
correct these defects temporarily Do I recall our conversation
correctly?

Fine We found that even after the dog was no longer responsive
to transfusion, 1t could still deaminate mdividual ammo acids
mjected mnto the blood stream about as well as before the trans-
fusion The degree of depression of deamination m the period
prior to transfusion could not be attrnbuted so much to failure of
liver function as to poor blood flow Because 1t 1s difficult to deter-
mine these matters by inferential data, we moved to the measure-
ment of a specific function of the hiver that could not be confused
with the functions of other tissues, the capacity of the hver to
make fibrinogen and prothrombm Those data verfy Dr Engel's
view that there 1s indeed a severe functional imparrment of the
liver After they have recovered from shock, dogs show a very
much delayed capacity to restore a depleted fibrmogen level to a
normal concentration The same 1s true of prothrombin

Shorr So the question 1s, as I see 1it, the relationship of each of
these defects in terms of their reversibihty or irreversibility to the

p—
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spectfic circulatory pattern manifested by ammals that are gomg
on to progressive faillure If they do not reverse, they may be
potentially significant for the progression of the syndrome There
are dichotomies of functional activities, and our concern 1s the
specificity of the phenomena that continue to persist after tem-
porary restoration of blood volume and blood pressure, to the
sequence of progressive circulatory collapse I would guess that
there 1s forcibly reduced blood flow in the hiver in many human
diseases, not clear down to the shock level but low enough so that
this might be treated as a common factor 1n various circumstances
I would beg that we keep in mind two vanable problems the
forced reduction mn blood flow through the liver, and the inter-
ference with the hepatic enzyme systems and whether the enzyme
systems recover

Engel 1 certamly agree 1t 1s very important to get more data
on how many of these functions are affected and in what direction,
when the circulation 1s restored even temporarily.

Haist 'With respect to mrreversibility in relation to blood pres-
sure, if there 1s a large mass of anoxic tissue outside the hver,
there may be changes 1 amino nitrogen despite the fact that the
systemic blood pressure 1s mamtamed by infusion of flmd. I would
suggest, therefore, that the persistence of changes may be related
to anoxia of extrahepatic tissue

Shorr That 1s true.

Engel Table I gives data from Wilhelmi, Russell, Engel, and
Long (14) on the concentrations of ammoma and amino mtrogen
m the hver of normal ammmals and of anmmals 1n hemorrhagic
shock, mndicating, particularly, that there 1s not any sigmficant
accumulation of ammoma This has a bearng on the problem of
the differentiation between the first step, deammnation, and the
second, urea synthesis, and on the hmiting factors mn amimno acid
accumulation

The nise mn accumulation of free amino nitrogen 1n these experi-
ments also was not particularly impressive, although Dr. Russell
has some other experiments which show somewhat more definite
changes (21).

As far as protein metabohism mn the hver goes, the data indicate
defimte abnormalities, but up to this pomnt we cannot differentiate
too sharply between which of these effects are due simply to a
slowmng of the circulation, and which are due to hepatic anoxia

per se
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spectfic circulatory pattern mamfested by animals that are gomng
on to progressive failure If they do not reverse, they may be
potentially sigmificant for the progression of the syndrome There
are dichotomies of functional activities, and our concern 1s the
specificity of the phenomena that continue to peisist after tem-
porary restoration of blood volume and blood pressure, to the
sequence of progressive circulatory collapse I would guess that
there 1s forably reduced blood flow in the hiver in many human
diseases, not clear down to the shock level but low enough so that
this might be treated as a common factor m various circumstances
I would beg that we keep mn mind two vanable problems. the
forced reduction m blood flow through the lver, and the mter-
ference with the hepatic enzyme systems and whether the enzyme
systems recover

Engel. T certamly agree 1t 1s very important to get more data
on how many of these functions are affected and i what direction,
when the circulation 1s restored even temporarily

Haist With respect to wreversibihty n relation to blood pres-
sure, if there 1s a large mass of anoxic tissue outside the hver,
there may be changes 1n ammno mitrogen despite the fact that the
systemic blood pressure 1s maintained by infusion of flud I would
suggest, theiefore, that the persistence of changes may be related
to anoxia of extrahepatic tissue

Shoir That 1s true

Engel Table I gives data from Wilhelmi, Russell, Engel, and
Long (14) on the concentrations of ammonia and amino nitrogen
imm the liver of normal ammmals and of amimals 1 hemorrhagic
shock, indicating, particularly, that there 1s not any sigmificant
accumulation of ammoma This has a bearing on the problem of
the differentiation between the first step, deamination, and the
second, urea synthesis, and on the hmiting factors 1 ammo acid
accumulation

The mise 1 accumulation of free amino mitrogen n these experi-
ments also was not particularly impressive, although Dr. Russell
has some other experiments which show somewhat more definite
changes (21)

As far as protemn metabolism 1n the hiver goes, the data indicate
defimte abnormalities, but up to this point we cannot differentiate
too sharply between which of these effects are due simply to a
slowing of the circulation, and which are due to hepatic anoxia

per se
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Figure 15 Increase mn blood ketone levels after sodmum octanoate mnfusion durng
sublethal hemorrhage and hemorrhagic shock compared with normal controls

done on ketone utilization, we do not have the nght to say that
we are measuring only ketone production

On the far left of Figure 15 1s seen the effect of a 30 mimute
saline mfusion on the blood ketones This control procedure had
no effect on the ketone levels of the shocked ammal Actually, a
small decrease i ketone bodies resulted, similar to that m the
untieated shocked animal In the normal animal, at the end of a
30-minute mfusion, there was a mean rise of the order of 5 mg
per hundred milliliters Animals that were bled two per cent of their
body weight m an hour, exhibited a suppression of fasting ketosis
but did not have an elevation m plasma ammo nitrogen However,
we found these rats to be qute good at making ketones after
infusion of octanoate On the other hand, the ammals m late
hemorrhagic shock with elevated ammo mtrogen levels exhibited
a significant depression m their ability to form ketones from infused
octanoate Whether this 1s wholly a problem i hepatic production
of ketones, or whether there may be, as well, an mcreased utihzation
of ketones by muscle, particularly durmg anoxia, we are not m a

position to say I suspect the former 1s the most important factor,
but the latter may also play a role
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When other metabolites are measured in the hiver, one change
that 1s prominent 1s the decrease m the hver glycogen that occurs
m all types of shock The easiest explanation for the mitial change
m glycogen 1s epmephrine discharge, but I am sure this 1s not the
only answer The lhver glycogen goes very low, and as Dr Haist
showed, 1s not readily restored by admimistration of glucose, or
fructose, after animals have been subjected to shock Nor does
msulin, m his experience, have a particularly beneficial effect on
restormg the hver glycogen (22).

The only data that we have on carbohydrate intermediaries m
the hver durmg shock are those published by Potter’s group at the
University of Wisconsin (23,24,25) They presented a spectrum of
changes 1 various carbohydrate intermediaries, adenosine triphos-
phate, adenosme diphosphate, and other phosphate stores, including
creatine phosphate, which showed that 1n hemorrhagic, drum shock,
and tourmquet shock, there was a very marked depletion of all
the carbohydrate mntermediaries, and particularly of the high-energy
phosphate compounds.

Haist In tourmquet-shocked ammmals, m our expernence, there
was a marked depletion mm high-energy phosphate compounds m
the clamped hmbs, but even rather late n the development of
shock, the forehmb muscle, remote from the site of mjury, showed
little, if any, depletion 1n adenosne triphosphate and phospho-
creatin, and no reduction m the uptake of radioactive phosphorus.

Engel But mn the hiver, changes do occur earher In the area of
fat metabolism, very little study has been done As far as the liver
goes, theoretically this should be mmportant 1 terms of metabolic
activity, because a lugh proportion of the oxygen consumption 1s
arismg from fatty acid catabolism and ketone body formation m
the fasting hver

We have recently carried out some studies, shown m Figure 15,
on the effects of a 30-minute infusion of two per cent sodium
octanoate on the accumulation of ketone bodies i the blood dur-
mg the period of mfusion in normal anmmals, and in animals after
sublethal hemorrhage and hemorrhagic shock. We found that the
conversion of sodium octanoate mto ketone bodies by the normal
amimal occurs very rapidly. The maximum mcrease 1 ketone bodies
m the blood 1s detectable at the end of infusion, and once the
mnfusion 15 stopped, ketone levels fall very rapidly to the orngmal
levels In the rat, they are back to normal 30 minutes after the
infusion This techmque represents a fairly sensitive measure of
changes mn ketone body production However, until studies are
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mtrogen 1 the blood of rats whose entire gastromtestal tract had
been removed and the liver circulation completely shut off (the
so-called eviscerated rat), as compared with rats whose hepatic
artery was left mtact but m which the circulation through the
hepatic artery could be occluded for any given period of time. In
the eviscerated rat, which 1s equivalent to the hepatectomized rat,
there 1s a steady accumulation of ammo mitrogen in the blood,
which presumably comes from the peripheral tissues and represents
amino acids which are not deaminated or assimlated by the hiver.
The whate bars m Figure 16 represent a rise m amno mitrogen that
would be expected i the totally hepatectomized animal durng
the time of study, wluile the black bars represent the rise in amino
mitrogen 1 ammals whose hepatic artenes had been occluded for
the period noted, 1.e, 15 to 120 munutes. Whole blood amino
mtrogen levels were measured at one hour intervals during the
course of the study.

Loewi. Were the rats eviscerated and only the artery kept open?

Engel. Only the artery was there In rats prepared this way,
without clampmg the artery, blood ammo mtogen stayed qute
normal for as long as we measured 1t The hiver with only hepatic
artenial circulation had a good capacity to clear amino acids under
normal conditions When the artery was occluded for 15 to 60
nunutes, there was a small rise m amno nitrogen, but one not com-
parable to that m the hverless rat Of course, durmg the time the
clamp was m place, the rise m ammo mtrogen was comparable to
that of a totally eviscerated animal because the circulation was cut
off The pomt of interest 1s the recovery period after removal of the
clamp Note that even with 120 minutes of total anoxia to the rat
hiver, the liver was quite effective in taking out the ammno acids
which accumulated during the clamping, and hence the hver must
function quite well despite previous anoxia This supports the pomt
which Dr Fine mentioned before that wlile there are n witro
changes indicating 1mpaired deammation, actually the 1mparrment
in deammation 1s certainly less than if theie were no hiver

Corroborative support of this 1s found i Figure 17, which
Ulustrates studies by the same techmque of the respiration of the
liver shee in thus preparation (26) Control observations of the
oxygen consumphion of hver shces from amimals on which this
operative procedure had been performed are charted in the top
lme No clamp was put on the artery, and samples of hver shces
were taken for Qo, measurement at 1, 2, 8, and 4 hours after the
operation There was a shght fall during the first hour, which may
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Burton: May I betray my i1gnorance and ask what sodium octan-
oate 1s? Is 1t something from which ketones are made i the body?
Engel. It 1s an 8-carbon fatty acid which 1s presumably broken
down to four 2-carbon acetate fragments These condense to
2-acetoacetate molecules if ketones are gomg to be made from

them

EFFECTS OF REDUCED BLOOD FLOW UPON HEPATIC FUNCTION

Concerning the question Dr Moe asked a few minutes ago,
with regard to which of the metabohc effects under considera-
tion are due to hepatic anoxia per se and which are due to slowed
cnculation, we have a few data In the experrment shown m
Figure 16, a study was made of the rate of mcrease m ammo

CHANGE IN BLOOD AMINO NITROGEN (MG 9% per hourg
WITH TIME (hours) IN THE LIVERLESS RAT (white columns
AND IN THE RAT WITH HEPATIC ARTERIAL FLOW RESTORED
104 AFTER CLAMPING (black)

15 30 45

60 90 120 [~ ]

Ficure 16 Rate of mcrease of blood amino nitrogen following periods of hepatic
anoxia up 120 munutes in length (black columns) compared with the increases
observed 1 the corresponding times in the hverless rat Reprinted, by pernussion,
from Wilhelmi, A E, and Long, C N H Metabolic changes associated with
hemorrhage Ann New York Acad Sc 49, 605 (1948) Calculated from data of
Engel F L, Hamson, H C, and Long, C N H Biochemcal studies on shock,
th gn;le of t,he Liver and the hepatic circulation in the metabolic changes during
he?norrhaglc shock m the rat and the cat J Exper Med 79, 9 (1944}
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as well as 1t did m the previous experiment 1 which clearance of
ammno mitrogen from the blood was the criterion. While no break-
down was made of the compositon of the respiration, i1t agam
suggests that the hiver definitely was damaged by prolonged anoxia,
but that, even so, 1t had a surprising capacity to recover after this
treatment

Shorr. While these are comparative results and, therefore, have
validity on a comparative basis, we must be aware of the fact that
these may not represent the actual status of a recovering mntact hver.
Do I recollect correctly that when the Wilhelmis removed kadney
tissue after lethal hemorrhagic shock, they found the oxygen con-
sumption was mumumally altered as compared to normal?

Engel- That 1s night.

Shoir: But in a normal kidney, shced and mcubated for an hour
under anoxia, and then restored to oxidative conditions, there 1s
a very profound fall in the oxygen consumption If it is left mntact,
not bathed m an artifical medmum durmg the period of anaerobic
mcubation, the subsequently measured oxygen consumption is very
much higher The very process of placing a traumatized, vulnerable
shce mto an artificial medium results, apparently, i considerable
leaching, and effects may be produced and exaggerated so that they
are not comparable to those which occur m the body m an mtact
organ The liver, in vivo, may be m a very much better position
to recover, smce 1t has not been exposed to the mevitable trauma
of the sectiomng and to the leaching process and dissolution of cells.
Although cells m an arbficial medium are rendered incapable of
resisting excessive leaching by a previous period of anaerobiosis,
they may be much less affected by anoxia m the body.

Engel 1 think that was borne out, as shown in Figure 17, with
at least the one parameter of clearng ammo acids from the blood.
We had the clamp on for two hours and the hver was still domg
very well.

Moe: 1 wonder whether Dr Selkurt would make a comparison
of this work with the time course of recovery of renal function
after total occlusion of the renal artery

Selkurt 1 personally have never occluded the renal circulation
for this long a ttime Based on the work of others, it would seem
that the kidney does recover rather rapidly after short imtervals
and even surprisingly fast after longer periods
. I cannot help but make one other comment the liver, even with
ifzitllnltlnglltl rate of oxygen consumption, can also survave this long

residual effect 1 beleve there is probably a faster rate
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Ficure 17 Effect of hepahc anowia in viwo on respiration of rat hver shces
in vitro Crosses control observations on hver samples from operated ammals Solid
circles samples from livers with hepatic artery clamped for 0, 5, 15, 30, 60, and
120 mimnutes Open circles samples taken 2 hours after restoration of circulation to
the hver followmg 15, 80, 60, or 120 mimnutes of hepatic anoxia Small figures at
each pomt indicate number of observations Vertical bars indicate standard errors
of the mean Reprinted, by permission, from Wilhelm:, A E, Russell, ] A, Engel,
F L, and Long, C N H The effects of hepatic anoxia on the respiration of hver
shices in vitro Am ] Physiol 144, 669 (1945)

be related to changes m circulation from the operation itself But
afterwards, the respiration recovered Actually, 1t was significantly
higher, which 1s a pomt for speculation, this was a liver that was
getting blood more highly saturated with oxygen than does the
normal liver.

In other groups, the slices were removed at 15 munutes, 30
minutes, and up to 2 hours after the clamp was apphed With
progressive duration of anoxia, the respiration was reduced to quite
low levels and did not recover when the slice was shaken 1 a
Warburg apparatus m an atmosphere of oxygen On the other
hand, when the clamp was removed at various intervals and the
circulation was restored for 3 to 4 hours, minus the period that
the clamp was on, and then the Qo, measured, there was stll fairly
good recovery, except when the artery had been occluded for 1
to 2 hours. In this function, however, the liver did not perform
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three per cent of the body weight. We reahzed that this situation
was not “shock,” although 1t may be cogently argued that the
changes and compensatory adjustments mvolved did not differ
greatly from those occurring early m shock

Estimated hepatic blood flow (EHBF) was measured m nme
dogs before and after hemorrhage In nine animals, hepatic arterio-
venous oxygen difference was determined, and m four the renal
blood flow was measmed The Bromsulfalein (BSP) method (28)
was employed for the determination of EHBF. For this purpose
a catheter was mserted deep mto a hepatic vemn by way of the
mternal jugular, under fluoroscopic control Bromsulfalein was
admmustered mtravenously at a constant rate rangmg from 1.1 to
23 mg per mmute mn different animals, and the blood level mam-
tamed as nearly constant as possible between 1 and 2 mg per cent
Arterial blood was taken at approximately 10-minute mtervals and
hepatic venous samples obtamed at similar intervals, the rate of
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of oxygen consumption m the liver than kidney.

Bradley: The liver has a higher rate of oxygen consumption per
unit mass of tissue.

Selkurt: 1 suppose there 1s a rough correlation 1n their survival
The 1ecovery here after two hours of blocking 1s not too different
from the kadney, which also survives and recovers after roughly
that same period of time.

Bradley The kidney can survive a prolonged period of complete
1schemia i man during the operation of splenorenal anastomosis
The 1enal artery may be occluded m dogs for as long as two hours
without permanent damage (27)

Knisely Right

Shorr. The critical period was two to four hours.

Bradley 1 don’t know how long cellular function 1s reduced
after such a period of anoxia But I beheve work m ammals mndi-
cates that the extraction of sodum p-ammohippurate is 1mpaired
for a considerable period after arterial occlusion lasting two to
four hours (27)

Cotzias Yes.

Bradley: The term “recovery” can have a variety of meanings.
It may mean recovery m terms of return of blood flow to normal,
or 1t may mean 1ecovery of mtrinsic cellular processes I would be
loath to use the word as a general term

HEPATIC BLOOD FLOW DURING HEMORRHAGE
AND SHOCK

Shorr. 1 wonder whether 1t would be approprate at this pomt
for Dr Bradley to discuss some of his findings on lLiver blood flow
following hemorrhage

Engel Yes, this would be an appropriate pomt

Bradley The study I wish to discuss with you was carried out
by Drs Hememann, Smythe, and Marks in my laboratory during
the past year We have been mterested 1n the general question of
the contributions of the various discrete circulations to systemic
hemodynamic adjustments Since hepatic blood flow does not
differ greatly from the renal blood flow 1t seemed likely that the
splanchnic vasculature might participate as prommently n these
responses as the renal vasculature Moreover, Dr Smythe and I
had observed mstances of excessive reduction in estimated hepatic
blood flow in dogs during alcohol narcosis It was decided to
subject dogs to a relatively mild, but effective, a.nd standardized
“stress,” ie, rapid Joss of blood 1 amounts ranging from two to
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also mcreased when EHBF fell Statistical analysis indicates that
these changes are highly sigmficant

It may be concluded that the splanchnic circulation plays an
mmportant role in the hemodynamic readjustments following hemor-
rhage Asin the kidney, hepatic vasoconstrichon serves i the mam-

tenance of arterial pressure and supplements the cardiac output by

diverting blood from the splanchnic bed to other areas more sus-
ceptible to the 1ll-effects of hypotension

Stead Were these anesthetized or unanesthetized animals?

5B1adley Sodium nembutal was given intravenously m doses of
25 to 30 mg per kilogram of body weight prior to each expermment
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BSP removal was taken as the rate of mfusion at constant blood
levels of BSP, and this value divided by the arteriovenous BSP
plasma concentration difference yielded a value for hepatic plasma
flow. Oxygen was measured 1n arterial and hepatic venous blood,
obtamned anaerobically before and after hemorrhage m nine dogs
by the method of Van Slyke and Neill (29) The renal plasma flow
was determmed as the para-aminohippurate clearance Artenal
hematocrits were used for the calculation of blood flow from the
values for plasma flow

In Figure 18 all values for EHBF obtamed before and after
hemorrhage are plotted as percentages of the averaged control
values agamst ttme It can be seen the EHBF mvariably decreased
after the hemorrhage Smce the arterial pressure decreased very
Iittle as a rule, the decrement in blood flow 1s attributable to m-
creased resistance m the splanchnic bed, presumably as the result
of active vasoconstrichion It 1s particularly interesting that EHBF
tended to return toward the control level after approximately
twenty mimutes This recovery in EHBF occurred m the absence
of any sigmficant change in the arterial pressure The hematocrit
tended to fall by this time, and 1t 1s possible that the spontaneous
recovery in EHBF reflects the tendency of plasma volume to recover

Shorr Could you tell us the range of the hypotension?

Bradley The mean artenial pressure decreased 5 to 50 per cent
and did not fall below 60 mm Hg

The renal blood flow (RBF) decreased following hemorrhage m
company with EHBF, as the experiment presented mn Figure 19
demonstrates, and 1t decreased 1 every mstance to a greater extent
than EHBF We were somewhat surprised to find that RBF also
recovered spontaneously without change in arterial pressure. Thus
vasodilation sufficient to bring the blood flow back to control levels
occurred in both the splanchnic and renal vascular bed Calcula-
tion of resistance revealed a fall at this ttme below control levels
This response suggests that a state resembling “reactive hyperemia”
m 1ts basic hemodynamic pattern may develop in the kidney and
Liver after a period of acute vasoconstrictive ischemia Further
mvestigation of this phenomenon 1s necessary to establish its
mechanism.

The hepatic arteriovenous oxygen difference rose (Figure 19)
durmng the period of 1schemia following hemorrhage 1n proportion
to the decrement m EHBF, mdicating that splanchme oxygen
consumption was not greatly affected Bromsulfalemn eatraction
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hepatic removal Probably the most serious erio1 arises 1 sampling
blood from one hepatic vemn, mixed hepatic venous blood bemng
unobtainable We have found that determmations of EHBF 1n
different lobes of the hiver differ no more than values of EHBF
determmed m a single lobe Pratt, Budick and Holmes (32) have
also found that left hepatic venous and mixed hepatic venous
plasma BSP concentration do not differ significantly in the dog

Haist Would a change in hiver function alter the vahdity of
the procedure?

Bradley. A great deal depends upon the extent to which BSP
removal and extraction are depressed It may be assumed that
extra-hepatic removal 1s not greatly altered, and if so, taking the
figures I've already mentioned, extra-hepatic removal makes up an
mcreasmg proportion of the total removed as hepatic removal 1s
reduced Thus with a removal rate of 0 5 mg per mmute, the extra-
hepatic removal of 004 mg per minute makes up eight per cent
of the calculated rate, and the error may be even larger Of more
mmportance 15 the change in extraction and the hmitations of the
analytical method by which BSP 1s determmed When arterial and
hepatic venous concentrations differ by 10 per cent or less, at or
below 1 mg per 100 gm the analytical error bulks large and mvah-
dates the estimation of blood flow

Burch. Has anyone measured blood flow directly and correlated
1t with the clearance studies?

Bradley No one has

Burch- Is this also true for the kadney?

Bradley Blood flow through the kidney has now been measured
directly and compared with PAH clearance

Green If you feel that the Bromsulfalemm method 1s that good,
why are you afraid to use 1t at lower extractions?

Bradley Because I don’t believe the method 1s vahd when the
extraction 1s less than we can measure accurately by the chemucal
method we use at present In the studies presented here the extrac-
tion actually mcreased and this difficulty never arose Possibly when
Wwe examime ammals m severe shock our fears will prove groundless
for the same reason

Burton Does the method give blood flow changes 1n absolute
or relative figures?

Bradley It gives an absolute value
Burton* It 15 not giving blood flow per gram of active tissue?
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Shorr: If we relate these degrees of hemoirhage to the shock
syndrome as we oirdinarily produce i1t m our laboratory, then the
changes that you describe are associated with what we call the
hyperreactive phase. This phase 1s characterized by recovery on
transfusion, and 1s associated, from our indices and those of Van
Slyke and otheis, with the persistence of oxidative metabolism
thioughout the liver.

Bradley: 1 should stress the fact that 1ecovery occurred without
treatment of any kind. There was a fall in the hematocrit and the
blood pressure changed very httle

Fremont-Smith- Since the circulation returned both to the Liver
and to the kidney, you might say that the fact that the blood
pressure did not recover was perhaps related to the vasodilation,
or the return to full circulation thiough the lhiver and kidney

Bradley- Vasoconstriction apparently played a role in maintaming
the level of blood pressure

Fremont-Smith. 1 am just saying the same facts in a shghtly dif-
ferent connotation

Shor1 Of course, what we are waiting for you to do 1s to contmue
this i the more severe, refractory, or wirreversible stages of shock

Bradley 1 am rather afraid that the BSP method may prove
mvalid m severe shock owing to madequate BSP removal Perhaps
I am unduly pessimistic

Shorr 1 gather then that oxidative processes must be essential
for adequate extraction of BSP

Haist How valid 1s the method for blood flow estimation?

Bradley The validity of the major assumptions on which the
method 1s based 1s now fairly well established The error mvolved
appears to be of the same order of magnitude as that i measure-
ments of renal blood flow by the PAH clearance Extra-hepatic
1emoval of BSP at the plasma levels employed in measuring EHBF
amounts at most to about 5 per cent of the total removal rate
Werner and Horvath (80) have found that approximately 30 per
cent of the BSP 1 the blood 1s removed 1n an hour in the eviscer-
ated anmmal Assuming a plasma level of 1 mg per 100 gm and a
plasma volume of 800 m], then 30 per cent of 3 mg, or 24 mg
is removed 1 60 minutes or 004 mg. per mmute In the intact
animal, BSP removal at plasma levels of 1 mg per cent amounts
to about 2 mg per minute Extra-hepatic removal thus accounts
for 004 of the 20 mg removed per mimute, or 2 per cent, and
may therefore be considered a neghgible source of error Dr A
Macpherson and I (81) have obtamed a similar figure for extra-
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hepatic removal Probably the most serious error arises 1 sampling
blood from one hepatic vem, mixed hepatic venous blood being
unobtamable. We have found that determmations of EHBF
dufferent lobes of the hiver differ no moie than values of EHBF
determmned m a single lobe Pratt, Burdick and Holmes (32) have
also found that left hepatic venous and mixed hepatic venous
plasma BSP concentration do not differ significantly m the dog

Haist. Would a change m liver function alter the validity of
the procedure?

Bradley A great deal depends upon the extent to which BSP
removal and extraction are depressed It may be assumed that
extra-hepatic removal 1s not greatly altered, and if so, taking the
figures I've already mentioned, extra-hepatic removal makes up an
mcreasing proportion of the total removed as hepatic removal 1s
reduced Thus with a removal rate of 0 5 mg per minute, the extra-
hepatic removal of 004 mg per minute makes up eight per cent
of the calculated rate, and the error may be even larger Of more
mmportance is the change m extraction and the hmitations of the
analytical method by which BSP 1s determined When arterial and
hepatic venous concentrations differ by 10 per cent or less, at or
below 1 mg per 100 gm the analytical error bulks large and invali-
dates the esthmation of blood flow

Burch Has anyone measured blood flow directly and correlated
it with the clearance studies?

Bradley. No one has

Burch Is this also tiue for the kidney?

Bradley Blood flow through the kidney has now been measured
directly and compared with PAH clearance

Green: If you feel that the Bromsulfalemn method 1s that good,
why are you afraid to use 1t at lower extractions?

Bradley Because I don’t believe the method 1s valid when the
extraction 15 less than we can measure accurately by the chemical
method we use at present In the studies presented here the extrac-
tion actually increased and this dufficulty never arose Possibly when
we examine ammals 1 severe shock our fears will prove groundless
for the same reason

Burton Does the method give blood flow changes m absolute
or relative figures?

Bradley It gives an absolute value
Burton Tt 1s not giving blood flow per gram of active tissue?
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Bradley: No. Moreover, we think 1t measwes hepatic blood flow
m particular because we have no evidence of sigmificant BSP
removal elsewhere i the splanchnic bed

Engel. It mught be worth-while to discuss what, if anything, these
metabolic changes in the iver mean. I dont think I can give an
answer but I should like to pomnt out certain things while 1t 1s very
nice to have a relatively good correlation of certan phenomena
occurring 1n the shocked liver with certain changes after clamping
off the circulation to the hver, it 1s important to realize that these
two processes are by no means equivalent In the shocked animal,
there are presumably all sorts of metabolites circulating about which
are coming from hypoxic tissue elsewhere Combined with a slow
circulation through the hiver and a low supply of oxygen, these
metabolites might do something very different to the liver, both
mmmediately and mn terms of its ability to recover, from simply
cutting off the circulation for a given period of time and then letting
good, healthy blood flow back through it I certamnly don’t think
one can say, on the basis of any data existing so far, that 1t has been
proved that hepatic failure 1s the cause of the final breakdown and
production of so-called wrreversible shock, or even of death itself
I think the closest that any work comes to it 1s that of Dr Shorr
on VDM mactivation, which might be considered as an example
of liver failure which 1s critical in terms of homeostasis

Burch 1 should like to ask two questions. Has any liver function
test been found which 1s not altered m shock? Has there ever been
any qualitative disturbance m function which 1s pecuhar to shock
and not found 1n other physiologic states?

Engel Ofthand, I can’t think of any hver function which has
been tested adequately that hasn’t been found disturbed, but I am
not sure that all iver functions have been tested And as to whether
any of these changes are more specific to shock, I think in the gross
sense they are not, 1n other respects they may be, for the degrees
of severe disturbance mm metabolic function which occur 1 shock
are practically never seen i ordmnary types of hver disease They
appear very late m fulminating hver disease, but they are much
more striking m most cases of shock

Burch- Then the changes are quantitative rather than qualitative?

Engel 1 think so

Nickerson The question in my mind 1s whether the metabolic
changes which have been measured are actually part of the chan
of cause and effect which finally leads to the death of an ammal,
or whether they are merely measurements which tell us that some-
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thing is wrong but which are not etiologically mvolved m the
shock process. Are they the same as the cold, clammy skin of the
patient m shock, which tells us that something 1s wrong but cer-
tainly does not kill the patient? Your last statements suggest that
you feel these are simply symptoms, hike the cold, clammy skin.

Engel. Your point is well taken, I think that 1s the crithical aspect
of the whole problem. However, we have very few data that enable
us to answer whether “cold, clammy hver” 1s a symptom like the
“cold, clammy hand.” If it 1s, we aren’t gomng to learn very much
by further work along these lmes On the other hand, if the “cold,
clammy hver” is affecting the whole circulation, then 1t 1s proper to
pursue this further

Nickerson. The reason I raise this pomt 1s that these data as
such are not really pomts for discussion or argument, they are
generally accepted I am trymg to get you to stick your neck out,
on the possibility that there would be a real difference of opinion
as to what these data mean

Engel. This 1s where we could use some new bottles to pour the
old wine into

Nelson 1, too, agree that Dr Engel has pamted a beautiful
picture of the metabohic pathways in shock Whether these derange-
ments are etiological or secondary to diminished flow and hypoxia
1s the question I think the connotation that Dr Engel would Iike
to leave with us might be 1llustrated by an analogy. As the seasons
change from fall to winter, we observe that the leaves on the trees
turn from green to orange, red, or yellow, varying with the species
of the tree and the particular biochemical reactions mvolved No
matter how critically we measure the spectrum emitted by the
colors of these leaves, 1t represents a description of variations due
to change in the season, and does not indicate that these variations
m color are causing the change from autumn to winter

Shorr That is an excellent analogy

Engel T wonder whether Dr Fine would want to say something
about his experiments on wureversible shock mn which recovery
resulted after mfusion of artenial blood nto the portal vemn At the
time those experiments were reported, I felt they were very good
evidence that perhaps the failure of the circulation through the
bver, and 1ts restoration by blood high in oxygen, really meant
something with regard to the mmportance of the hver m shock

Fine I stll feel it means somethmg, although at the time we
trnied to interpret its meaming we were not able to say from our
results whether the unprotected liver was manufacturing some kind
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of lethal substance, or whether we were protecting the hver so
that 1t could continue to function normally. The former view was
the more appropriate mmphcation from Dr. Shorr’s VDM data.
From our data, we were not able to draw the defimtive conclusion
that he drew from his. But today I should confidently answer that
we were dealing with both factors. (a) a toxic substance develop-
mg m the hver, and (b) maintenance of normal hiver function,
particularly 1ts detoxifying function But 1t 1s the liver of the dog
i every case, and I think we should bear that in mind i view of
our subsequent studies with antibiotics and the differences 1n the
bacterial content of the hver in different species Our data do not
necessarily apply to the hiver of other species.

Knisely. There are several sets of circulatory functions of the
hiver, and many of the things just said fit in very closely with
general knowledge The lver 1s a large blood reservorr The circula-
tion through the liver, of necessity, nourishes the hiver. The hver
contamns the major part mn the body of the phagocytes, which can
remove particles from the blood, so that it 1s always tied up with
defense mechamsms. One of the first responses to hemorrhage m
anmimals consists of very specific, detailled vasomotor responses,
wherem the hiver empties out blood which 1t contamns and parts
of 'Zhe )vascular system shut off so that no more blood can come
m (33

One thing we are very much interested 1 1s how long, as a part
of normal physiology, can a portion of the hver have 1its blood
supply shut off before the tissue of the hver 1s damaged? This 1s
important because mn order to carry out the necessary vasomotor
responses to maintamn circulation, parts of the hver sometimes are
shut off without having any blood m the sinusoids, and at other
times, large amounts of blood are stored 1n the smusoids, with that
blood standing still Up to a certam time, hepatic tissues can
recover Beyond that pomt, I should almost guess that they have
to fail. What 1s the nature of that ttme? How long 1s 1t 1n relation
to other thngs?

I should lLike to mention the fact that if the circulation 1s shut
off through the liver for a long enough time, any bacteria mn ‘the
circulation are prevented from getting to the hepatic phagocytes,
and, because the blood from the spleen must pass through the hver,
blood 1s necessarily prevented from coming mto the spleen There-
fore, two of the major phagocytic defense mechamisms have been

of gear
th%v;;e .O%e hagve demonstrated blockade in the liver by producing

plethora 1n the ammmal 1n the wrreversible state The blockade 1s so
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severe that there 1s a hemopeiitoneum as well as intestinal bleed-
mg We have found as much as 2000 or 3000 ml of what looked
almost like whole blood and we made sure 1t was not due to a
technical surgical error Dr. Bradley’s data do not apply to the
state T am talking about, namely, well-developed hemorrhagic
shock When we visualize the venous system 1n the hiver m this
situation, we find a widespread venous constriction, simultaneous
with an absolute increase in portal pressure on giving transfusions
However, blockade 1s not a phenomenon related directly to ure-
versibility, because an Eck fistula does not alter the general course
of events m shock.

Burton 1 wonder how Dr Nickerson got away with his remark
about “cold, clammy skin.” He said that was not what was killing
the patient. I thought Dr Nickerson was one of the people who
has shown that i a sympathectomized ammal a cold, clammy skin
makes a tremendous difference as far as the survival of the animal
1s concerned It seems to me that the entire discussion was rather
loose, because we were told also that maybe a “cold, clammy hiver”
did this If the blood supply of the hver 1s cut off, the liver is not
cold It remamns about the same temperature, or 1t drops, perhaps,
a quarter of a degree Maybe Dr. Nickerson’s remark was facetious

Shorr. That 1s the trouble with having a physicist 1n our midst

Burton 1 do not think 1t gets clammy, either

Kmsely That i1s important The expermment gets cold, but the
liver 1s a beautifully mncubated lesion at that time The liver 1s kept
warm by the rest of the body

Nickerson Perhaps I should explain more fully what I meant
The cold, clammy skin I referred to 1s what the chnician sees and
feels The fact that 1t 1s cold and clammy 15 an mndication that there
18 a peripheral vasoconstriction It 1s simply a measure, as the
absorption of hght m a colormmeter 1s a measure, of somethimg else
that 1s gomg on The fact that 1t 1s cold and clammy, I am sure, 1s
not producimg the damage, but the vasoconstriction which mduced
the coldness and clammumess, as well as many other changes, may
be 1mportant m the etiology of shock

I wanted to raise the question of a distinction between a factor
such as vasoconstriction, which may be etiologically related to the
whole course of events leading ultimately to death, and something
such as optical paleness, which 1s a measure of the constriction
but 15 not per se a factor m the development of subsequent lesions
I think that the critical point mn this whole problem of the metabolic
changes m shock 1s whether they are simply things which we can



82 Shock and Circulatory Homeostasis

measure, and which tell us that something else 1s gomg on, or
whether they are integral parts of the cham of events leading to
death.

Shorr. To show further the dangers of analogy, the cold clammy
skin may be one of the important phenomena preserving the animal
and the patient

Knisely: 1 want to comment once more on some of Dr. Engels
work. It1s not yet common knowledge in the textbooks of medicme,
but 1n monographs on the control of blood flow through the hver
there are evidences to the effect that the hepatic artery can be shut

off with the portal vemn circulation running rapidly for long periods,
and vice versa (34)

RELATION OF HEPATIC BLOOD FLOW TO VDM PRODUCTION

Shorr ‘What we are all looking for 1s something 1n the nature of
a specific metabolic defect which can be related to the sequence
of events occurring during the progression of the shock syndrome
to final circulatory deterioration I should like to present a httle
of the evidence gathered m our laboratory, with Doctors Zweifach,
Baez, Furchgott and Mazur, which we believe represents at least
a step towards that objective It is an approximation that I am
sure will only be complete when we relate 1t to the exciting phe-
nomena which Dr Fme and his laboratory have uncovered durmg
the past two years

The two factors that we are most concerned with (for ssmplicity’s
sake I exclude the muscle vasodepressor) are the hepatic vaso-
depressor, VDM (ferntin), which 1s a normal product of anaerobic
or hypoxic metabolism of the liver, and which, under oxidative
conditions, 1s acted upon by the hver to render 1t vasomert, and
the renal vasoexcitor, VEM, which 1s likewise a product of hypoxic
or anaerobic metabolism of the kidney, and which, in comparable
fashion, 1s rendered vasomert by the aerobic kidney. As Dr
Zweifach told you last year, these substances are peculiar m that
they affect the behavior of the termmal vascular bed, one by
depressing, and the other by potentiating the response to topical
epmephrme of the muscular vessels of the capillary bed

If we look at this semidiagrammatic chart (Figure 20) of the
behavior of a dog who is first exposed under sodium pentobarbital
anesthesia to a period of moderate hypotension, produced by
moderate bleeding, and then to a period of more drastic hypoten-
sion for, let us say 90-120 mmutes, we see that a very defimte
sequence of events occurs There are first of all .the vascular changes
which Dr Zweifach described at our last meeting, the development
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Hepato-Renal Vasotropic Tactors in Hemorrhagic Shock
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Ficure 20 Schematized protocol of sequence of vascular and humoral events
following graded hemorrhage Compensatory response of capillary bed (hyper-
reactivity to topical epmephrine and augmentation of vasomotion) 1s associated with
elaboration of VEM mto circulation by kidney Capacity of kidney to form VEM
becomes progressively impawred with persistence of hypotension and prolonged
renal hypoxia Decompensatory vascular pattern (hyporeactivity to epmepgnne and
suspension of vasomotion) associated with elaboration of VDM (fermitin) into blood
by hypoxic hver Continued formation of VDM by hver 1s related to impairment of
hepatic enzyme mechamisms for inactivation of vasodepressor Irreversible phase of
syndrome characterized by vascular decompensation and detertoration of VDM
mechanisms m lhiver Reprinted, by permission from Shorr, E, Zweifach, B W, and
Furchgott, R ¥ Research 1n Medical Science, Green D and Knox, W E , Edltors,
New York, Macmullan, 1950 (p 823)

of vascular hyperreactivity, with an 1schemic type of flow, and with
profound mcreases 1n the reactivity of these termunal vessels, and
then, with the advancement of the syndrome through the progres-
sive hypotensive states there are reversions to capillary hypore-
activity and hyperema Chronologically, these changes are asso-
ciated with the appearance mn the blood of the two humoral factors,
described above VEM of renal origin appears first, and subse-
quently VDM, of hepatic ongm During the period of moderate
hypotension, the blood flow to the kidney 1s sufficiently reduced
to shuft 1ts metabolism over to the anaerobic type, with the release
of the vasoexcitor, VEM If we exclude the kidney from participa-
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tion, this material does not appear m the blood, and these typical
reactions do not unfold in normal fashion. During the period of
moderate hypotension, the blood flow to the liver 1s sufficient to
support aerobic processes and there 1s no release of the vasode-
pressor material Van Slyke and his associates have shown the
persistence of oxidative mechamsms 1n the hver at moderate hypo-
tensive levels, and the abolition at the more drastic hypotensive
levels which lead eventually to irreversibility (35)

Throughout the syndrome, the vasoexcitor material continues to
be formed 1n the kidney, but by the time the blood pressure has
fallen to the drastic hypotensive levels of the phase that eventually
results 1n refractormess to transfusion, the renal blood flow has fallen
virtually to zero, and the vasoexcitor 1s no longer capable of entering
the circulation By this time the liver has shifted to an anaerobic
type of metabolism and releases the vasodepressor material, fermtin
If this continues long enough —let us say, 90-120 minutes — the
animal becomes refractory to retransfusion of the blood lost, and
we observe a concurrent change m the liver system which normally
renders this material vasomert In other words, the ferrtin mactiva-
tion system progressively deteriorates Finally, if one excises the
liver at this stage of shock, and incubates shces under oxidative
conditions, one can demonstrate that vasoactive ferritin continues
to be released despite these aerobic conditions, and when that
occurs the animal proves unresponsive to transfusions

Fremon¢-Smith You mean, at that pomt, the liver continues to
make ferntin, even though oxygen has been restored to 1t?

Shorr Yes, even though there has been a restoration of oxidative
conditions

Richards: Durmg the VEM phase, does VEM promote hver
blood flow, or does 1t attempt to sustam 1tP

Shorr We cannot tell All we know 1s that throughout the VEM
phase — and 1n the unanesthetized ammal this phase persists right
through the drastic hypotensive period — the hver does not release
vasoactive VDM, and its capacity to mactivate ferritin does not
suffer

Fremont-Smith That 1s without anesthesia?

Shorr. Yes, without anesthesia blood piessuie as low as 35 mm
Hg can be sustamed and the amimal can be kept alive for many
hours with small transfusions to prevent ischemic death VEM
persists m the blood and lLver mactivation mechamsms are pre-

served.
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We have been able to relate the vasoactivity of ferritin to the
state of specific chemical groups m the molecule, namely, the
sulfhydryl groups (36) When the sulfhydryl groups of ferritin are
oxidized by copper and oxygen, or blocked, by other reagents,
ferritin loses 1ts activity When reduction 1s achieved as by cysteime
or ascorbic acid, to the sulfhydryl state, ferritin becomes vasoactive
once more The normal liver contams only disulfide ferrtin If
hiver 1s mcubated under anaerobic conditions, there 1s a progressive
reduction of the disulfide to the sulthydryl ferritin with the acquisi-
tion of vasoactivity When sulfhydryl ferritin 1s incubated aerobically
with Iiver shices, oxidation to the vasomactive, disulfide form occurs.
We believe these reactions are enzymatically mediated m that they
can take place n cell-free eluents of aerobic hiver (37)

The evidence we have indicates that this 1s a normal metabolic
substance Destruction of the hiver 1s not necessary for its produc-
tion and we definitely do not beheve 1t 1s a toxin We beheve these
reactions have a place i normal physiology, with thewr direction
shifted during the progression of the shock syndrome so that sulf-
hydryl ferritin 1s formed and not mactivated Indeed, m hyper-
tension, with a demonstrably aerobic hiver, something happens to
the mtermediary metabolism of ferritin, as a result of which the
aerobic liver shifts the equilibrium of the reversible chemical re-
action m the direction of SH-ferritin, so that vasoactive SH-ferritin
1s released into the blood stream contmuously for as many years
as the hypertension persists.

Fine- At last year’s Conference, we briefly discussed the question
of whether SH-ferritin 1s the vasodepressor substance m shock.
I never quite understood your explanation for what appears to me
to be an obvious discrepancy This iron-contaimng protem is present
I other tissues, which are also exposed to the anaerobic state
They, too, should show SH-ferntin, and yet 1t cannot be extracted
from the other tissues as 1t can from the hiver That 1s what makes
me wonder whether 1t 1s this substance, or something else m the
hver that 1s not to be found 1 other tissues, which exerts the
vasodepressor action you have observed

Fremont-Smith 1 understand that you are not calling fermtin
toxic, but that there 1s a toxic substance from the liver which 1s not
ferrtin? s that correct? Or were you saymg that if ferritin 1s
coming from the liver, then 1t must be toxic? I could not quite
make the distinction
SeFme No, T do not want to put 1t that way. It 1s a question of

mantics. If whatever comes out of the liver 1n shock 1s deleterious
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to the amimal, that makes 1t necessary for me to say that such a
substance, if 1t kills, 1s poison It does not matter whether ths
substance is a natural product or not. Any substance which kalls
1S a poison.

Fremont-Smith Insuln can be a toxin 1 spontaneous hypoxemia?

Fine- That’s right

Shorr Ferritin 1s present m the normal hiver cell almost exclu-
sively (99 per cent) m the disulfide form, which 1s mactive as a
vasodepressor, but under anaerobic conditions 1t 1s progressively
converted to the sulfhydryl or active form (37) On the other hand,
we have found that i the hypertensive dog liver, which 1s not
hypoxic, 15 to 25 per cent of the ferritin 1s 1n the sulfhydryl form,
showing that some change n the equilibrium between sulfhydryl
and disulfide ferritin has taken place

I think perhaps we have not emphasized that 1n one other organ,
the spleen, 1n which the concentiations of ferritin aie large enough
for us to deal with chemically, anaerobiosis does release vasoactive
SH-ferntm In our first publication (38) mm 1945, we said the
spleen had no ferritin, but subsequently we found we were muss-
ing 1t because of the ligh concentrations which give a musleading
reaction m the rat meso-appendix test When we diluted the
saline washes of spleen, often as much as ten times, we found
1t to be present just as we had 1n the liver wash Hence 1n this tissue
as well, anaerobiosis does lead to the release of ferrtin m the vaso-
active sulfhydryl form, just as i1t does 1n the liver However, spleen,
unbke liver, cannot mactivate sulfhydryl ferritin

Fine Excuse me for soundmg a little dull The SS form of the
protemn, I understand, 1s present in considerable quantity in tissues
other than liver and spleen, 1sn’t that so?

Shorr Ferritin 1s present 1 many tissues, for example, the kid-
ney But we do not get any vasodepressor effect from the kdney
under anaerobiosis, except under very unusual conditions The
adrenalectomized animal will release vasoactive ferritin

Fine. From the kidney?

Shorr: Yes, from the kidney

Fine Can you explain why you cannot find this vasodepressor
substance m saline extracts of other tissues? Is 1t a matter of the
amount that they release?

Shorre The amounts are small. With the precipitin reaction, 1t
can be demonstrated to be present 1 many of the tissues of the
body, but the amounts that are available would have to be reduced
to SH-ferrtmn to become vasoactive
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Fine+ Aren’t they reduced by the fact that they are as anoxic
as the hiver?

Shorr- We beheve the concentrations are too small The rat test
1s not sensthve to highly active ferrtm 1in amounts of much less
than 0 0005YN

Fine I recall your assay of the blood coming from the vem of
the tourmqueted extremity having a very high concentration

Shorr That 1s right

Fine+ As high as anything you found mn the hver?

Shorr. We do not know yet the relationship to ferritin of the
vasodepressor material commg from muscle It 1s not mactivated
by antferntin serum although 1t has the same action on the ter-
mmal vascular bed as ferritin, and, like fermtmn, 1t 1s mactivated
by the liver However, we have not established the chemical nature
of the vasodepressor material from muscle

Ferrihin 1s an mmportant constituent of the body, and 1t may be
released 1n vasoactive form under conditions i which there 1s no
deterioration of the liver cell In curhosis and hypertension the
equibbrium reaction has been shifted to the anaerobic form by an
unknown process which permits the release of vasoactive ferritin
under aerobic conditions

Nickerson Since presumably this 1s not a spontaneous oxidation
reduction, but requires enzymatic action, has such a system been
demonstrated 1 other tissues Dr Shorr?

Shorr As far as we know, no other tissue will mactivate ferritin.

Nickerson Perhaps that provides at least a partial answer to
Dr Fme’s question Although the material may be present m other
tissues, 1t may not be released m active form durmg anaerobiosis,
unless the appropriate enzyme system 1s present

Shorr Correct We know, however, that the systems which are
necessary for the release of vasoactive ferrtm are present m the
spleen

Green In discussion of the term “toxic,” do we know of any
function which this active fermtin performs 1n the body?

Shorr We know that 1t depresses the reactivity of the muscular
vessels of the termimal vascular bed We know that 1t is a profound
antidwretic, and that 1t 1s present m antidiuretic states m man,
such as decompensated cirrhosis, nephrosis and heart failure with
edema We know that ferntin stimulates the neurohypophysis to

the release of pitressin-like materials, which then appear 1 the
urme
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Fine. Have you done these observations on ferriin n the hver
in the rat?

Shorr. These observations were made m rats, rabbits, dogs, and
on human biopsy samples

Burton: Dr. Shorr, my question was asked before in our last
session when we had an interesting discussion on this matter I
think 1t was answered m the negative, but the answer may have
changed Have you been able to demonstrate that the infusion
of ferntin, let us say, into an ammal seriously affects the course
of shock? By that I do not mean that it seriously affects what
you observe i the mesentery, but affects the course of shock mn
the amimal

Shorr 1 cannot answer that any more clearly than the last tume.
It represents an important direction, which we are not pursuing
as vigorously as we should, for the same reasons that none of us
can pursue at any one time all of the important directions of our
research We feel that per se ferrtin 1s not a hypotensive agent
For example, m nutritional cirrhosis there 1s a constant ferritimema
The blood volume 1s at least normal, and may be increased The
reactivity of the peripheral vessels 1s depressed but the ammal gets
along very well despite the ferntmerma However, if this animal
1s exposed to a shock procedure, with a given mortality m the
normal amimal, that mortahty is greatly enhanced, presumably
because the cirrhotic amimal is unable to make the necessary
vascular adaptations of a compensatory sort It goes mto shock and
collapses, as Toby and Noble showed (89) under circumstances
in which the majonty of normal ammals make an effective read-
justment The nfusion of ferrtin would not be expected to affect
the course of shock unless the capacity of the lhver to mactivate
the ferntin were overwhelmed

Burton I think this 1s a crucial experiment People might say,
“We know that urea piles up during shock,” but I think no one
would admit that urea plays a determumng role m the course of
the shock in that animal.

Shorr. The direct demonstration that you want 1s not yet at
hand, but later on I should like to present some indirect evidence
which may have some beanng on the mterpretation of our data.

REDUCED RENAL BLOODFLOW AND VEM PRODUCTION IN SHOCK

I should like to bring some evidence to bear on the significance
of these factors by showing what happens when we interfere with



Metabolic Aspects of Shock 89

the full participation of the renal factor mn this syndrome With the
Wiggers' type of graded hemoirhage, unanesthetized animals sur-
vive for long periods of time at very diastic hypotensive states,
and unless they die of ischemic shock they are recoverable by
transfusion Throughout this whole period of drastic hypotension,
VEM continues to be found m the blood stream In other words,
we believe there 1s sufficient renal blood flow to release VEM
constantly mto the circulation at blood pressure levels which, m the
anesthetized ammal, would completely abolhish renal blood flow.
The liver machvation system remams entirely normal, and the
ammal 1s recoverable.

If we utiize the same bleeding procedure m an animal which
we have previously prepared by removing one kidney and trans-
planting the other kidney 1n the flank, so that we can tie 1t off under
procame just before we bleed, then we find an entirely different
sequence of events In the first place, there 1s little or no tendency
on the part of the blood pressure to rebound to higher levels after
each withdrawal In the second place, no VEM appears In the
third place, VDM, ferritin, appears extremely early 1n the syndrome
and rapidly increases in concentration in the blood If we take a
liver biopsy, mstead of 100 per cent inactivation, we find a profound
deterioration 1n mactivating capacity. We find high concentrations
of ferritin 1n the Iiver wash, and when we transfuse we find the
amimal has become irreversible

Engel What 1s the Qo, n the hver at that pomnt?

Shorr In our experiments the Qo, of the hver 1n the rreversible
stage of shock averaged 85 per cent of the normal And yet the
mactivabon mechamsm may have deteriorated completely

Dr Zweifach, you visualized the blood vessels after shock m-
duced m the arenal ammal Would you describe the differences
which you observed m this type of ammal compared with the
normal animal having the kidney intact?

Zweifach The circulatory changes m the arenal dog subjected
to hemorrhage are typical of those observed in wreversible shock
Vascular compensation 1s madequate The responsiveness of the
metarterioles and precapillaries to topical epmephrme, which 1s
an excellent reflection of the functional capacity of the termmal
vascular bed, shows no compensatory augmentation In fact, vascu-
lar hyperreactivity 1s usually mmimal or lacking m these animals
Spontaneous vasomotion becomes considerably mcreased, as 1t does
mn the normal control, but begins to deteriorate after 60 mmutes
of hypotension In the control dog, vasoconstriction of the larger
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arteries and arterioles develops and persists throughout the shock
syndrome. In the arenal amimal, arteriolar vasoconstrichon becomes
less pronounced so that vasodilatation may be present 1 these
anmmmals during the terminal stage. The over-all blood flow through
the capillary bed during shock is inefficient and the return of
blood to the venous side of the system 1s madequate Transfusion
has only a transient mechanical effect on the peripheral circulation,
which begins to deteriorate almost immediately after the termma-
tion of the transfusion At death, there 1s marked congestion of
the venous side of the vascular bed, a feature which 1s characteristic
of the ureversible phase of hemorrhagic shock.

Shorr Thus, the picture 1s completely altered so far as the
termmal vascular bed 1s concerned. We have found that excludmng
the kidney from the circulation profoundly alters the mortahty of
rats subjected to drum shock (40) Twenty-four hours after drum-
ming, mortality was 29 4 per cent in the controls and 71 per cent
mn the arenal amimals Dr Baez has developed a standardized
procedure for hemorrhagic shock 1n the rat by modification of the
Lamson self-mfusion device The mortahty rate of 14.4 per cent
was raised to 69 5 per cent when the kidneys were excluded from
the circulation They tolerated less bleeding and they took up more
blood than amimals with mtact kidneys

One can say, then, that the exclusion of the kidney from par-
tictpation  profoundly affects the outcome of hemorrhagic and
traumatic shock and that direct visuahzation of the blood vessels
shows that there are profound alterations m the behavior of the
terminal vascular bed with blunting or absence of those manifesta-
tions which can be regarded as compensatory VEM 1s absent from
the circulation and there 1s an early detemoration of the liver
mechanisms.

Burch Do you think the studies mndicate that there 1s something
pecubar to the kidney itself, without altered circulation, or a
peculianity related to a kidney with a reduced blood flow? The
same problems mught apply to the spleen with and without the
splenic artery lhigated Alteration in the circulation to the organ
might add msult to an already msulted physiology Didn’t you
ligate the blood vessel and leave the kidney in?

Shorr: That 1s right

Burch. This could be associated with release of a toxic substance
(whatever that means). You leave the spleen 1 place and ligate

the splenic artery.
Shorr+ 1 should say every shock procedure hgates the spleen.



Metabolic Aspects of Shock 91

Burch. You mean physiologically?

Shorr. Yes

Fine Did you do any series with nephrectomized animals?

Shorr We have studied 1t i nephrectomized animals.

Burch- Were the results the same?

Shorr Yes.

Selkurt. In terms of total amount of renal blood flow, I wonder
how much blood 1s needed to perfuse these kidneys in order to
bring out VEM, and whether there 1s some lower level below which
you don’t get any output of VEM, although the flow may be
discernible

Shorr 1 hope that renal physiologists will tackle that.

Selkurt We have, as a matter of fact Very briefly, I might say
that m hemorrhagic shock 1n a procedure such as yours, done on the
dog, only rarely does the renal blood flow stop entirely. This 1s
with direct measurements of renal blood flow During the 50 mm
blood pressure period, the blood flow may be as high as 70 or
80 ml per minute per kidney (41). In the final low phase of 30 mm
it drops considerably, but only very rarely 1s there absolutely no
flow Dr. Martin Brandfonbrener of our laboratory tried the use
of Dibenamie, which does improve the renal blood flow in the
hypotensive phase but has no effect on the outcome The dogs
die just as readily with or without the drug (42)

Shorr 'When the drug 1s given late?

Selkurt 'When the drug 1s given durnng the hypotensive phase
The flow may mncrease quantitatively Percentagewise, 1t may often
double or more Quantitatively, it may go from 35 ml per minute
to 50 or so more per kidney, but there is no effect on the outcome
In the series done m our laboratory, the survival rate was just
about the same m those dogs which received the drug as m those
which did not The pomnt I am making 1s that there 1s always renal
blood flow, and alterations m terms of the volumes that I have
recorded have, apparently, no mfluence

Shorr Then, the crucial pomt 15, how much flow 1s there m the
unanesthetized amimal as compared to the anesthetized?

Selkurt These, I might add, are anesthetized animals

Shorr You have no data on the unanesthetized 1n shock?

Selkurt There are none that T know of.

Shorr Our mference would be, from the continuous appearance
of appreciable amounts of VEM throughout this period of drastic

hypotension, that renal blood flow 1s st tly high
unanesthetized animal gnificantly higher m the
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Fine. Even 1if 1t 1s higher, there 1s no output of urmne, 1s there?

Shorr That I don’t think 1s relevant

Selkurt: The only way to get such data would be with clearance
techniques, and with hypotension I am afraid they would not yield
crucial evidence That 1s why we went to the direct method m the
anesthetized animals But I still contend that you have adequate
blood perfusing the kidney to wash out VEM, and I dont qute
see why 1t should not appear.

Shorr: 1 would say there are three things that happen. first of
all, through sustamed anoxia or hypoxia, the kidney progressively
loses the capacity to form VEM, secondly, the amount that appears
m the arculation progressively falls and then disappears, thirdly,
there 15 a progressive predominance of the vasodepressor We have
found a reduced capacity to form VEM after two hours of that
degree of hypotension, so that although there 1s some blood flow,
it 1s not adequate to keep concentrations high enough to be
significant

Moe May I ask what were the survival times m those that died?
Did those without the kidney die early in the proceduie or late?
After a lapse of two or three hours, would the figures be the same
for both groups?

Shorr The survival figures were virtually the same at four hours
and at twenty-four hours m the rats

Green If you took one group of anesthetized and another gioup
of unanesthetized animals, and adjusted the hypotensive period so
that you could get about the same degree of survival, would you
find about the same amount of VDM 1n both groups?

Shorr Yes

Green You may have to set the hypotensive level a bit lower in
the unanesthetized dogs

Shorr When the kidney 1s physiologically excluded by the
Lamson techmque of lowermg the blood pressure rapidly, the
unanesthetized amimals go mto shock

Green Under those conditions, would you get about the same
amount of VDM m the anesthetized and the unanesthetized groups
of animals? Dr Zweifach at the last meeting, I believe commented
that VDM is not found in unanesthetized animals

Zweifach: Dr Green mquired whether the formation of VDM
occurs m unanesthetized dogs subjected to hemorrhage The answer
is yes The differences between anesthetized and unanesthetized
dogs lie in the amount of blood loss and in the degree of hypoten-
sion which must be mamtained m order to bring about decom-
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pensatory phenomena and the formation of vasodepressor prn-
cples Dogs subjected to bleeding, without systemic anesthesia,
require sigmificantly larger hemorrhages m order to lower the blood
pressure to the pomt where vascular decompensation develops
For example, dogs anesthetized with pentobaibital may require
about 5 per cent blood loss and a hypotension of 40 to 50 mm Hg
for 90 to 120 minutes mm order to precipitate circulatory collapse
and nreversibihty Unanesthetized dogs, on the average, require
as much as 5 5 to 6 per cent of blood loss and the rigid maintenance
of the blood pressure below 85 mm Hg for two to three hows
m order to achieve the same type of circulatory collapse Thus,
anesthesia acts as a predisposing factor which facilitates the elaboia-
tion of VDM However, anesthetic agents are not a necessary
prerequisite to VDM formation Apparently, the anesthetic agent
mterferes with the capacity of the cardiovasculai system to com-
pensate following blood loss, since unanesthetized dogs maintain
an adequate circulation through the capilary bed of the omentum
at pressures as low as 35 mm Hg

Shorr With the graded hemorrhagic procedwe, the unanes-
thetized ammals, which would not ordinanly shift to anaerobic
liver metabohism, did so when the kidney was tied off

Zweifach In other words, the statement that VDM appearance
15 associated with anesthesia 1s not a correct one?

Green That 1s what I wanted to bring out

Burton Dr Shorr, may I try to clanfy these last experiments?
It seems to me that they prove merely that an ammal without the
kidney function does not get along as well as an ammal that has 1t
Surely the experiments don’t carry any direct proof that the reason
the ammal 1s not so well off without his kidney 1s that the kidney
supplies VEM I mean, might there be something piled up, such
as an anuria, which 1s now not bemg removed, and makes the
situation worse?

Shorr The shocked animal 1s relatively renal insufficient Whether
the kidney 15 tied off, or whether the blood flow 15 reduced to such
an extent that there 1s no excretory function, the amimal 1s nephrec-
tormized in erther case Therefore, I don’t believe piling up of urmary
constituents represents the difference What we pomt out 1s that
the compensatory mechanisms, which we have observed to occur
only when VEM 1s present n the blood, fail to occur m these
ammals We, therefore, infer that these compensatory mechanisms
are referable to the presence of VEM
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Engel Iigating the ureter and domg the experiment will answer
the question

Shorr. That 1s nght

Engel. Has 1t been done?

Shorr. No, 1t has not been done, but that will answer 1t.

Moe. You don’t have any formation of urne?

Shorr. There 1s none 1 either case The animal 1s physiologically
nephrectormzed

Green: We did a couple of experiments along that hine, and could
not show that an ammal with his ureters ligated was any more
susceptible than a normal dog In a cross circulation experiment,
remfusmg urine did not make the recipient dog any more sus-
ceptible As a result of these observations, I am not sure that the
urmary excretory products are of much importance 1 deternning
survival m short term experiments (43,44)

Fine We also did experiments with nephrectomized amimals
They did not show a different response to hemorrhage than ammals
which were not nephrectomized

Nickerson. Was that a very severe hemorrhage?

Fine Our type was

Shorr The severely hemorrhaged animal 1s nephrectormized at
once, as far as VEM production 1s concerned

Fime 1 wonder why you should get a difference m result If
the bleeding 1tself 1s a nephrectomy, I don’t see why hgation of the
artery should make much difference

Shorr The difference 1s m the method of bleeding Inasmuch
as the kidney 1s the only source of VEM, 1 our graded hemorrhage
we obviously have, dmmg the progress of the syndrome, a phase
mn which the kidney assists the compensatory mechanisms But if
the blood pressure 1s brought down abruptly, as mn your experi-
ments, the blood flow 1s low enough to exclude VEM from appear-
ing m significant amounts That animal resembles one 1 which the
kidneys are higated

Fine We have some data on the renal flow n these ammals, and
also on the venous oxygen saturation from the renal vem These
are not neghgible things, as Dr Selkurt pomts out There 1s still
a good deal of flow

Shorr It is a matter of how much that flow can contribute to
the blood stream 1 the form of VEM, by actual measurements
it 15 undetectable.

Fine The figme I have on flow from the left renal vem mn the

normal animal 15 230 ml per minute when the blood pressure was
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30 mm of Hg In four ammals mn shock the flow from the left
renal vem was 52, 100, 25, and 27 ml per mimute respectively The
renal venous oxygen saturations were 56, 56, and 36 per cent respec-
tively m the first three. I don’t know whether that would be
equivalent to shutting off all VEM flow from the kidney, or not.

Fremont-Smith The only way of answering that effectively
would be to do an assay of VEM m the blood of such an animal
Without that, you are argumng when the crucial question 1s un-
known It could be settled so easily if it 1s an 1mportant item

Moe Presumably we have a relatively narrow range of renal
blood flow within which VEM production will be maximum and
effective? If there 1s too much flow, you will have none, and if you
have too little, the function will be impaired? If by some magical
means, you could msert a transformer mto the renal artery so as
to jack the pressure up, you would have essentially the same situa-
tion as m the arenal animal?

Shorr Yes, and perhaps that 1s one of the effects of Dibenamine
pretreatment

Moe 1t seems to me that if the Dibenamime abohshes the renal
vasoconstriction which occurs early in hemorrhagic shock, then 1t
should be deleterious rather than beneficial

Shorr It 1s not a question, I think, of abolishing all constriction,
because the blood vessels still constrict upon the reduced blood
volume In other words, factors other than those that are de-
pressed by Dibenamme operate to produce some degree of vaso-
constriction, which 1s evident by direct mspection, and that appears
to be sufficient to produce enough renal hypoxia for the release
of VEM, but 1t doesn’t permut the extreme and exaggerated vaso-
const;ictlon which occurs in drastic hypotension in the normal
anim

Moe In other words, you expect to keep the renal flow m the
mtermediate range?

Shorr Yes, m the intermediate range

Nickerson Dr Shorr, I am not clear as to why VEM 1s not
released durmg a drastic reduction 1 renal blood flow It does not
seem to me reasonable that the flow 1s stmply madequate to wash
1t out Even at 50 ml a minute, there 1s quite a lot of solvent going
through the kadneys Also, a considerable amount of VEM should
be produced If you suddenly place kidney tissue under anaerobic
conditions by puttng 1t 1n a vessel under nitrogen, or by completely
occluding the renal artery, VEM production continues for a con-
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siderable period of time Why does not this VEM appear mn the
circulation?

Shorr I would say this wherever there 1s any blood flow through
the kidney, VEM 1s gomg to come out, but the extent to which 1t
can attamn a sigmficant concentration i the blood stream 1s the
crux of the matter Apparently in the drastic hypotensive phase so
Iittle 15 released that we cannot detect it by our methods We sus-
pect, from experiments m which drastic hypotension has been
maintained, and then assays made on the kidney cortex showmg
httle or no VEM to be present, that an anaeiobic deterioration
of the mechamsms responsible for its production occurs

Nickerson+ Why 1s that not true of the Taquim procedure, which
produces very high concentrations of VEM?P

Shorr If the hypoxia is mamtamned as long as m the Taqum
procedure, only the depressor factor 1s formed, there 1s no VEM
effect (45,46).

Nickerson We are talking about the first hour or so after Dr
Fie’s sudden reduction of pressure It seems to me that there 1s
one possible explanation of this apparent dilemma

Shorr. Do you mean subcortical vessel medullary flow?

Nickerson Yes Are these small amounts of blood actually pass-
ing through the area of VEM formation?

Shorr That 1s a very good point, because 1t may very well be
that these small amounts are actually not flowing through the cortex
where the VEM 1s formed

Moe Have you done differential shce studies, Dr Shorr?

Shorr. As far as we are able to separate medulla and cortex, the
VEM production 1s 1n the cortex

Nickerson 1 suspect that Dr Selkurt would like to say something
on this pomnt

Selkurt 1 should Lke to be able to distnguish between the
medullary and cortex flow under these conditions and decide
whether the situation 1s as you stated Unfortunately, I cannot
There 1s a possibility that 1t mught exist Many of the examinations
of flow, 1 terms of clearance techmques, and so on, have indicated
that the shunt does not operate, certamnly m dogs However, I
would be less inchned to take that adamant point of view in terms
of the arculation through the rabbit kidney, mn which the possi-
bility exists In view of the facts a medullary shunt, alone, 1s prob-
ably not gomg to be the answer in the dog However, untill we
examine the pomnt under specific conditions we cannot say that it

could not be a possibihty
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Green Does bleeding the rabbit with the Lamson bottle cause
a greater reduction 1n renal flow?

Shorr If the blood pressure were lowered 30 mm abruptly with
the Lamson bottle, what would happen?

Selkurt 1 personally never use that technique We bleed down
to 50 mm , rather rapidly mitially, but under those circumstances
1t never gives a renal shutdown The flow 1s very adequate at first,
and sometimes not less than half of the control flow, then we wait
and bleed later to 30 mm, and that does reduce the flow As I
stated earlier, very rarely 1s the flow shut off Sometimes, later
the period, 1t may be

Shorr Perhaps you can tell us the next time what happens if
you follow Dr Fme’s procedure of abruptly reducmng the blood
pressure to 30 mm

Fine The figures I gave you were for total venous outflow per
minute fiom a catheter tied into the left renal vem

Selkurt That would be the same technique we have used 1 our
studies

Lawiason. Dr Shorr, I am a little bit bothered about the analogy
being made 1 these four-hour and 24-hour survival studies be-
tween the dog m shock and the nephrectomized dog It seems to
me that there may be many other factors playmng a 10le n survival,
and to say there 1s a close similarity between the two may not
be wise

Shor1 For the rat subjected to drum shock, the actual mortality
figures at four hours were only three per cent different from those
at 24 hours T would offer those as suggestive that not too many
other comphicating factors imntroduced by the removal of the kidney
would be operative

Lawrason Have you tied the renal artery or vem with con-
trolled releasmng before and after drumming?

Shor: No, we have not, and I think perhaps the pomt you raised
could be answered if we tied the ligatures i our control series,
after the drumming was fimshed It 1s a very good suggestion, and
I think that by tying the kidney afterwards we would have both
types of ammals nepliectomized for the 24-hour period How-
ever, I should like to emphasize the very small difference between
the mortality at 24 hours and at four

Fine What does the pertoneal cavity show i these rats?
Did you look to see 1if there 1s any flud m the peritoneal cavity?

Baez Immediately after death, the arenal rat’s hivex consistently
was found to be hard, engorged, and daik A small amount of fluid
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siderable period of time Why does not this VEM appear 1 the
circulation?

Shorr: T would say this: wherever theie 1s any blood flow through
the kidney, VEM 1s going to come out, but the extent to which 1t
can attain a sigmificant concentration in the blood stream is the
crux of the matter. Apparently in the drastic hypotensive phase so
hittle 1s released that we cannot detect 1t by our methods We sus-
pect, fiom experiments in which drastic hypotension has been
maintained, and then assays made on the kidney cortex showing
Iittle or no VEM to be present, that an anaeiobic deterioration
of the mechamsms 1esponsible for its production occurs

Nickerson+ Why 1s that not true of the Taquim procedure, which
produces very high concentrations of VEM?P

Shorr. If the hypoxia is mamtamed as long as m the Taqum
procedure, only the depressor factor 1s formed; there 1s no VEM
effect (45,46).

Nickerson. We are talking about the first hour or so after Dr.
Fine’s sudden reduction of pressure. It seems to me that there is
one possible explanation of this apparent dilemma

Shor1+ Do you mean subcortical vessel medullary flow?

Nickerson. Yes Are these small amounts of blood actually pass-
ing through the area of VEM formation?

Shorr That 1s a very good point, because it may very well be
that these small amounts are actually not flowing through the cortex
where the VEM 1s formed

Moe Have you done differential shce studies, Dr Shorr?

Shorr As far as we are able to separate medulla and cortex, the
VEM production 1s m the cortex

Nickerson I suspect that Dr Selkurt would like to say something
on this pomt

Selkurt I should bke to be able to distinguish between the
medullary and cortex flow under these conditions and decide
whether the situation 1s as you stated Unfortunately, I cannot
There 1s a possibility that it might exist Many of the exammations
of flow, 1 terms of clearance techniques, and so on, have mdicated
that the shunt does not operate, certamly mm dogs However, 1
would be less inchned to take that adamant pont of view mn terms
of the arculation through the rabbit kidney, in which the possi-
bility exists In view of the facts a medullary shunt, alone, 1s prob-
ably not gomg to be the answer i the dog However, until we
exarmne the pomt under specific conditions we cannot say that it

could not be a possibility
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the same result would apply to nerve stimulation, but I think 1t
would

Shorr. I think that 1s a suggestion worth following.

I should Iike to outhne our findings 1 rats which are resistant
to drum shock (47) We have used the method of Noble (48) for
producing resistance, and have found a number of changes in the
fermtin mmactivating mechamism, which may be related, by mfer-
ence only, to the acquired resistance to shock.

Livers of resistant rats were able to mactivate ferrtin more
rapidly than hvers of control ammals When subjected to prior
anaerobiosis and then returned to oxygen the lhver imactivation
mechanism of the resistant rats was almost unchanged, whereas
the livers of control rats inactivated much less ferritin than before.
I believe this may represent a quantitative mcrease in the mactiva-
tion mechanism of the resistant rat, rather than a quahtative change.

Moe Doesn’t that look more like a qualitative difference, if the
enzyme system 1s resistant to anoxia here, and 1s not m the normal
hver?

Shorr There are two possibihities that the enzyme system 1s
altered or that there 1s now twice as much, let us say, of the same
enzyme system I would be more mchned to think 1t 1s a quantita-
tive rather than a qualitative change in enzymes.

Moe This sort of thing sounds fammhar to us from Syracuse,
because Jay Tepperman often speaks of growing new enzymes

Shorr Without anaerobic pretreatment the resistant rat hver
mactivated faster than the control hiver, rather suggesting a quanti-
tative change The oxygen consumption of both resistant and control
rat livers was profoundly depressed by prior mcubation m mitrogen,
although, as I said before, the mactivahon mechamsm of the re-
sistant liver was largely unharmed Thus the abihty to mactivate
ferritin appears totally unrelated to the over-all energy metabolism
of the hiver cell Control rats were subjected to 700 revolutions of
the drum and resistant rats to 1000 There were high titers of VDM
n blood and liver wash m the control rats, and mmmmal amounts
m the resistant The liver VDM 1nactivation system was profoundly
mmpaired m the controls, and virtually mtact i the resistant rats
The mesenteric capillary bed was hyporeactive 1 the controls, and
normal or even shghtly hyperreactive 1n the resistant rats Thus
a profound change, probably enzymatic i nature, occurred m the;

resistance to anoxa of the VDM mactivation system of the hver
in the tramed rats
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was present i the peritoneal cavity, but no more than m a shocked
normal rat.

Fine: You say there is no difference between the normal and
the arenal?

Baez' The normal anmmal in the irreversible stage of shock pre-
sents the same picture. The mtestmal wall 1s cyanotic and con-
gested The lLver 1s congested and hard

Fine I may sound academically fussy about 1t, but I bring it up
because I think the state of urema has something to do with the
permeability of the intestinal wall to bacteria. When we tried to
get transmural mugration of intestinal bactena by wmgating the
pertoneal cavity, we got nowhere until we made the dog uremuc,
then we got a peritomitis and could show that isotope-labelled
bactena in the gut moved across the wall into the pertoneal cavity.
I don’t know whether that 1s actually the case m your rats A dif-
ference 1 your two series may be due to such a factor I doubt
whether culture techniques would be sufficiently sensitive to demon-
strate such a phenomenon

Shorr I think Dr. Lawson’s suggestion that we tie the kidneys
of the control ammals after drumming might be a good one to
mtroduce the same arenal element mto the recovery picture We
will do that

Nickerson The difficult problem would be to decide when to
tie the kidneys This 1s presumably an effect which comes on
gradually and disappears gradually over a faurly extended period
of time

Shorr- Perhaps at the end of four hours.

Nickerson: 1 do not know.

INFLUENCE OF SYMPATHETIC BLOCKADE
UPON DEVELOPMENT OF SHOCK

Moe- 1 wonder whether you have done any experiments with
the dihydrogenated ergot alkaloids i this problem?
Shorr. No, we have not

Moe The reason I ask 1s that m a few acute experiments n
which we studied the effect of epmephrine and nor-epmephrine
upon renal blood flow mm normal animals, Dibenamme did not
greatly reduce the renal vasoconstrictor effect if given m doses
which caused reversal of the blood pressure response to epmeph-
rine, whereas dihydroergocornmme (DHO-180), m doses which
potentiated the pressor effect of epmephrime, al,most completely
chmmated the renal vasoconstrictor effect I dont know whether
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Shorr. Yes, these were all arenal Some were given no Dibenzyhne
and others received 20 pg per 100 gm. body weight before drum-
min

Mgoe: Therefore, this certainly suggests that the action of Diben-
zyline 1s not exerted on the kidney.

Shorr. Not that 1t has no effect on the kidney, but that its crucial
influence 1s not due to the participation of the kidney For example,
m the Noble-Collip drum tiauma with resistant rats, renal hgation
has no mmfluence on the 24-hour survival. Just as many survive 24
hours without the kidneys as with, provided the amimals are tramed
and have developed an enhanced liver mactivation mechanism.

Moe The second kidney 1s higated shortly before the drumming?

Shor1. That’s right

Moe: And the Dibenzylme 1s given an hour before?

Shori. Sixty or ninety minutes

Moe. That suggests to me that one need not worry about what
Dibenamme, Dibenzyhne, DHO, or anything else, does to renal
blood flow, you are not protecting the amimals because you are
mamtaming renal blood flow

Shorr. It may be that the difference between 81 and 100 per
cent survival 1s represented by the kidney’s contribution.

Burch: Of course, 1t is not possible to be sure that it has anything
to do with the blood flow of either

Shorr. You mean m the kidney?

Moe. Or the lver

Shorr 1 think we are able to show that 1t 1s significant.

Nickerson There 1s suggestive evidence, however, that the mhibi-

tion of sympathetic activity 1s mvolved The studies with Dibena-
mine are very sumilar to the old experiments of Freeman, et al
(49), m which they found surgical sympathectomy to provide excel-
lent protection against shock I believe the suggestion that Dibena-
mune 1s acting by mhibiting sympathetic activity 1s probably vald,
although we cannot say where 1t 1s acting or at just what stage
of the shock process

Moe Did you ever study the effects on any branch of the
splanchnic circulation?

Nickerson' Not as an 1solated circulation

Shorr In a hittle while T am going to ask Dr Zweifach to tell
you about the changes he observed mn the splanchmec circulation

Adrenalectomized, salt-mamtamed anmmals are very susceptible
to any kind of shock For example, one series was drummed 600
times with none surviving. Prior treatment with 20 pg Dibenzyhne

I i
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Rats which have been made resistant to dium trauma are also
more resistant to hemorrhagic shock When subjected to hypoten-
sion of exactly comparable degree and duration, mortality was 60
per cent in the controls as compared with 20 per cent in the resistant
rats The control 1ats had VDM i plasma and liver wash with
profound deterioration to total loss of VDM mactivating capacity.
Although blood fiom the 1esistant rats also contamed VDM, the
livers retained their normal capacity to mactivate VDM on aerobic
in vitro mcubation. We 1nfer, from these experiments, that the
preservation of the hepatic mactivation system may be one of the
factors contributing to the increased resistance to shock

Doctors Zweifach and Baez carried out experiments m hemor-
rhagic and traumatic shock which were designed to mvestigate the
relationship between the protection afforded by Dibenzyline pre-
treatment and these humoral factors Dr. Baez, how much Dibena-
mme was given to the rats?

Baez Twenty micrograms of Dibenzyhne (SKF 688-A), a denva-
tive of Dibenamime

Shorr With this dose there was virtually no difference from the
normal controls mm the maximal blood loss required to mamtamn
the hypotension The uptake of blood was less and there was a
higher percentage of survival than mn the controls

Moe That was twenty micrograms?

Shorr Per 100 gm of body weight

Nickerson It 1s mmportant to distinguish between Dibenamine
and Dibenzylne (SKF 688-A) The latter 1s eight or ten times more
potent

Zweifach The dosages referred to above are all with reference
to the drug called “Dibenzyline ” Similar effects were also obtamed
with the orgmal drug, Dibenamine, except for the fact that higher
doses had to be administered in order to achieve a protective action

Shorr The mortality was 80 per cent in the untreated controls.
It was 125 and 6 6 per cent respectively with 5 pg and 20 pg of
Dibenzylne given 60 to 90 minutes before bleeding Following
750 rotations m the drum 46 per cent of the untreated rats sur-
vived, 100 per cent survived when treated with 5 pg and 93 per
cent with 20 ug These doses were given 60 to 90 minutes prior to
drummmng Thus Dibenzyline protects agamst drum shock

In arenal rats, too, protection 1s exerted by Dibenzyline, 818
per cent survived as compared with 20 per cent in untreated

arenal rats.
Moe. These are all arenal?
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tive throughout the syndrome There was no appreciable loss of
arteriolar tone. An extraordmary observation was the mamntenance
of an effective capillary blood flow at blood pressure levels as
low as 30 mm Hg. The protective action of Dibenzyline would
appear to reside mn this particular observation In other words,
despite the lowering of the blood pressure to levels as low as 30 mm.
Hg, the carculation through the termumnal vascular bed persisted
sufficiently to mamtam tissue mtegrity. Thus, Dibenzyline would
prevent the development of tissue hypoxia, despite drastic levels
of hypotension. Shock, 1n so far as the termunal vascular bed was
concerned, did not develop m the Dibenzyline-treated animal
Nickerson. Am I correct m assunmung, from these experiments,
that there was considerably less arteriolar constriction in the
Dibenzylne-treated animals?
Zweifach Vasoconstrichion was less pronounced m the arteries
and arterioles of the omentum mn the Dibenzylne-treated animal.
Fine What was the degree of blood volume defictency?
Zweifach Blood loss 1s indicated m terms of per cent of body
weight. We do not have data on the per cent of the total blood
volume which was removed in these amimals At the end of the
period of hypotension, all of the blood which had been removed
was mfused back nto the animal About 20 to 30 ml of this total
were removed for rat assay studies.

Fine What was the total duration of the lowest pressure?

Zweifach An attempt was made during the experiment to mam-
tamn the blood pressure below 40 mm Hg for almost four hours
After the fourth bleeding, the pressure fell to 30 to 85 mm Hg
However, there was a tendency for the blood pressure to rise
spontaneously In order to achieve a suitable hypotensive level,
1t was necessary to withdraw successively small amounts of blood
This final stable range, during which no further bleedings were
required to sustamm the hypotension, persisted for approximately
2% hours On the basis of previous experiments, anesthetized ani-
mals subjected to this degree of drastic hypotension invariably
become completely refractory to transfusion therapy In my opinion,
the Dibenzylne (SKF 688-A )-treated dogs were pumished more
drastically than control animals Despite this, the treated anmimals
could be recovered by transfusion It 1s mteresting that ammals
treated with Dibenzylme can be recovered by replacement of as
little as 50 per cent of the total blood withdrawn durmng hemor-
thage One 15 struck by the similarity between the circulation mn
Sympathectormzed dogs and 1 Dibenzyhne-treated anmals follow-
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per 100 gm body weight resulted m 100 per cent survival. To me,
this 1s most extraordinary for such rats will have 100 per cent
mortality with many fewer drummings than 600 The adrenalecto-
mized, salt-maintained rat, without having anything done to 1t, has
a neutral plasma, a neutral liver wash, will not produce fermtin
under aerobic mmcubation, and has a fair but not entirely normal,
mactivation capacity. After 600 rotations in the drum with and
without Dibenzyline, there 1s a striking difference: without Dibenzy-
line, mortality 1s 100 per cent with a large amount of ferritin m
plasma and in the liver wash, and the liver actually produces vaso-
active ferrtin on mcubation 1n oxygen, having completely lost its
mactivating capacity. With Dibenzyline protection, however, the
plasma and liver wash remain neutral, the liver does not produce
fenitin in oxygen and the mactivating mechamism 1s unchanged
Hence, these experiments support our hypothesis that this particular
system 1s related to the recovery from hemorrhagic and traumatic
shock

Dr Zweirfach, would you describe the effect of hemorrhage on
the circulation, as modified by Dibenzyhne?

Zweifach The vascular changes observed mn control, untreated
dogs were listed in Figure 20 These were characterized by the pro-
gressive deterioration of vascular compensatory mechanisms and the
onset of hyporeactivity. The response of the terminal blood vessels
to epmephrine became depressed, spontaneous vasomotion disap-
peared, and capillary circulation was extremely sluggish Followmg
transfusion, the arterioles became atonic and distended, the capillary
circulation remained slowed despite blood pressures as high as
100 mm Hg, and progressive pooling of blood on the venous side
of the bed developed Dunng this phase of the syndrome, blood
samples continued to show vasodepressor activity, which persisted
despite perfusion

In contrast to this was the situation in a dog treated with Diben-
zylme (SKF 688-A) 14 hours earher An attempt was made to
carry out 1dentical states of hypotension mn the two experiments
The Dibenzyhne-treated amimal remamed reversible The hyper-
reactive response to epmephrine, although somewhat blunted, was
quite evident m these amimals, an crease of five hundred fold
from the mitial threshold value bemng obtamed It was interesting
that Dibenzylme (SKF 688-A), which blocked the pressor action
of ntravenous epimephrine at this pomt, had no blocking effect
on the direct response of the termnal vascular bed to topical
epinephrme Vasomotion became augmented and remamed effec-
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ammals In the present experiments, an attempt was made to mam-
tain comparable levels of hypotension i the two sets of animals
for 1dentical pertods of time Thus could be achieved only by graded
withdiawal of blood m the manner mdicated, otherwise a direct
comparison between the two could not be effectively made.

Knisely Do you think that the drug acts by a relaxing action on
the terminal arterioles? You see, the key pomt 1s that to whatever
degree the Poisewlle equation apphes, the volumetric flow 1s a
function of the fourth power of the radius, so a very small relaxa-
tion will permit a great deal of flow

Zweifach That may very well represent the locus of the protec-
tive action of Dibenzyline 1 these experiments

Stead s there any difference in blood volume?

Zweifach. Blood volume studies have not been carried out

Burch- What happens to the arterial blood pressure in the
Dibenzylene-treated dogs?

Zweifach On the average, the control blood pressure levels of
i(:lhe Dibenzyline-treated animal were the same as those of untreated

ogs

Burch The arterial blood pressure did not drop? Did you treat
them a few days in advance?

Zwerfach 688-A was admimstered at different times, varymg
from 2 to 18 hours, before the experimental hemorrhage Except
for a transient fall at the time of admmstration of the drug, the
blood pressure level was mamtamed 1 essentially the normal range.
Even m untreated dogs, the control levels of blood pressure varied
from animal to ammal by as much as 40 mm Hg

Fine Does anybody know what Dibenzyhne does to the normal
blood volume?

Nickerson 1 do not know No one, so far as I know, has studied
that problem

While I have the floor, I should like to say a few words about
the pharmacology of Dibenamme and 1ts congeners The termmal
vascular bed was very sensiive to topically-applied epmephrme
n the ammals treated with Dibenammne When I first saw these
%gures made by the Cornell group, I sumply did not believe that

1ibenamine would not block the responses of the termmal vascular
bed to epmephrme Consequently, mm cooperation with Dr Bohr,
we set out to study this problem, using the rat meso-appendix
technique We found that Dibenzyhne effectively blocks the re-
Sponse of the termmal vascular bed to epmephrme It will reduce
the responsiveness from a level of 1 8 to 1 6 milhon m the control,
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mg hemorrhage. Both show a remarkably effective blood flow
through the termmal vascular bed at drastic levels of hypotension.
Actually, levels of hypotension as low as this cannot be mamtamed
m a normal untreated dog under anesthesia for more than 10 to
15 munutes without precipitating circulatory collapse.

Selkurt. Did you normally bleed more or less in these Dibenzy-
lineized dogs?

Zweifach: The Dibenzyhne-treated dog must be bled carefully.
When such ammals are subjected to drastic or acute massive
hemorrhage, they collapse. However, by progressive, careful re-
moval of blood, one can finally achieve a total hemorrhage which
1s well within the range of that obtamned in control experiments.

Burton: Didn’t Freeman (49) find 1t took much less bleeding?

Zweifach In Freeman’s experiments on sympathectomized dogs,
an acute withdrawal of blood was used to produce hypotension
rapidly. In such expeirments, the total blood loss which was
tolerated by the sympathectomized dog was significantly less than
that of control animals We have found that the sympathectormized
dog, like the Dibenzyhne-treated animal, can tolerate fairly exten-
sive bleedings provided the withdrawal of blood is carried out
progresstvely over a protracted period of time

Burton Don’t you find that 1t takes less bleeding to get down
to 30 mm pressure than 1t does using an ammmal without the drug

Zweifach: Yes However, this pressure 1s not mamtamed, and
unless successive bleedings are carried out the pressure will return
to levels as high as 70 to 80 mm Hg At the end of the experiment,
the total blood loss which 1s tolerated by both groups of animals
1s approxiumately the same The tolerance to blood loss m the
different groups of animals under discussion depends on the experi-
mental procedure which 1s being used There 1s no doubt that both
the sympathectomized and Dibenzylhne-treated animals are unable
to compensate for the acute withdrawal of large amounts of blood
For example, the acute withdrawal of about 35 per cent of blood
m terms of body weight will usually precipitate circulatory collapse
and death m either The same bleeding carried out in a normal
dog results only m the development of a state of hypotension Under
these experimental conditions, then, 1t can be stated that the experi-
mentally-treated animals withstand less blood loss than the normal
controls However, when one withdraws blood carefully, using both
the changes mn the omental circulation and the blood pressure as
a gude, it 1s possible to remove an amount of blood by graded
procedures which, m the end, 15 equal to that removed from control
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Dibenzylime. The latter received 20 pg per 100 gm of body weight
90 to 120 mmutes prior to the first bleeding The bleeding was
carried out by a method previously described by our laboratory
(50), which consists essentially i the use of a Lamson type self-
mfusing device adjusted for small ammals. A state of moderate
hypotension with blood pressure of 70, and then 50 mm Hg was
mamtamned for two hours, and for a subsequent two-hour period
the pressure was kept at the more drastic hypotensive level of
40 mm Hg. At the end of this time the blood remamng m the
reservorr was slowly mfused. Records were kept of the “bleeding-
out” volume, the time at which maximal bleeding was attamed,
and the duration of maximal bleeding before spontaneous uptake
occurred Behavior of the terminal vascular bed during the evolu-
tion of the shock syndrome was followed by direct microscopic
observation of the meso-appendix

Although the hypotension achieved was equivalent i the control
and treated anmmals, about 15 mimutes after attaming the maximal
bleeding volume, the control animal took up blood from the reser-
vowr, whereas the Dibenzyhne-treated amimal showed almost no
spontaneous uptake Following transfusion, there was only a tem-
porary restoration of normal blood pressure i the control animal,
which died eight hours later. In the Dibenzyhne-treated animal,
on the other hand, restoration of normal blood pressure persisted
and the rat was alive and m excellent condition 24 hours afterwards.

The hemodynamic effects of Dibenzyline during the development
of shock mn the rat duplicate essentially what we and Dr Zwefach
have reported 1 the dog, namely, considerable blunting of vaso-
constricion of the small arteries and arterioles Local homeo-
static mechamsms mn the capillary bed, however, remam unimpaired
as evidenced by a progressively enhanced vasomotion and potentia-
tion of the vascular response to topically applied epmephrine.

A pomt which perhaps has a bearing on Dr Nickerson’s remarks
15 diagrammatically represented on the nght side of Figure 21
Dibenzylme was given mtravenously 90 to 120 munutes prior to
the start of the hemorrhagic procedure In these ammals we
mvanably found that the basal reactivity of the termmal vascular
bed of the mesentery to topically apphed epinephrme was depressed
(1 100,000 to 1 500,000) as compared with normal rats which have
a basal reactivity of 1 2 to 1 6 million As you will note, however,
m the treated ammal the reactiity to epmephmmne progressively
mncreased and at approximately one hour reached a level compar-
able to that i a normal anmal At this time the bleeding equalled
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to a point where it will not respond, or will just respond, to a
dilution of 1:1000. The trick 1s that testing must be done at just
the proper time mterval after admimstration of the blocking agent.
Dibenamine or Dibenzyhne will block, but their metabohe products
apparently act as sensitizing agents. A dose of Dibenzylme which
will block the responses of arterioles for 24 hours or longer will
reduce the sensttivity of the terminal vascular bed durmg the first
hour or two after administration However, 8 to 24 hours after
admmistration, the terminal vascular bed 1s markedly sensitized.
Sensitization can be produced without prior desensihization by giv-
ing Dibenzylammne or 2-dibenzylaminoethanol, which are degrada-
tion products of Dibenamme.

Shorr. Dr. Baez has followed up your work, and I should hke
him to tell us of his experiments.

Baez. In Figure 21 hemorrhagic shock 1s illustrated on the left
m the normal rat, and on the nght in the rat pretreated with
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Dibenzylme. The latter recerved 20 ug per 100 gm. of body weight
90 to 120 mumutes prior to the first bleeding The bleeding was
carried out by a method previously described by our laboratory
(50), which consists essentially i the use of a Lamson type self-
mfusing device adjusted for small ammals A state of moderate
hypotension with blood pressure of 70, and then 50 mm Hg was
mamtamed for two hours, and for a subsequent two-hour period
the pressure was kept at the more drastic hypotensive level of
40 mm Hg At the end of this time the blood remaming m the
reservorr was slowly mfused. Records were kept of the “bleedmg-
out” volume, the time at which maximal bleeding was attained,
and the duration of maximal bleeding before spontaneous uptake
occurred Behavior of the terminal vascular bed during the evolu-
tion of the shock syndrome was followed by direct microscopic
observation of the meso-appendix

Although the hypotension achieved was equivalent mn the control
and treated ammals, about 15 minutes after attamning the maximal
bleeding volume, the control animal took up blood from the reser-
voir, whereas the Dibenzyhne-treated ammal showed almost no
spontaneous uptake. Following transfusion, there was only a tem-
porary restoration of normal blood pressure m the control amimal,
which died eight hours later In the Dibenzyhne-treated ammal,
on the other hand, restoration of normal blood pressure persisted
and the rat was alive and 1n excellent condition 24 hours afterwards

The hemodynamuc effects of Dibenzyline during the development
of shock m the rat duplicate essentially what we and Dr Zweifach
have reported m the dog, namely, considerable blunting of vaso-
constriction of the small arteries and arterioles Local homeo-
static mechamsms m the capillary bed, however, remain unimpaired
as evidenced by a progressively enhanced vasomotion and potentia-
tion of the vascular response to topically applied epmephrime

A pomt which perhaps has a bearing on Dr Nickerson’s remarks
1s diagrammatically represented on the nght side of Figure 21.
Dibenzyhne was given intravenously 90 to 120 munutes prior to
the start of the hemorrhagic procedure In these ammals we
mvariably found that the basal reactivity of the terminal vascular
bed of the mesentery to topically apphed epmephrme was depressed
(1 100,000 to 1 500,000) as compared with normal rats which have
a basal reactivity of 1 2 to 1 6 million As you will note, however,
m the treated animal the reactivity to epmephrme progressively
mcreased and at approximately one hour reached a level compar-
able to that i a normal animal At this time the bleeding equalled
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1 8 to 2.0 per cent of the body weight In other respects, 90 to 120
minutes after the admmistration of Dibenzyline, the meso-appendix
circulation appeared essentially normal. Spontaneous vasomotion
m the normal animal 1s exaggerated soon after the onset of hemor-
rhage In the Dibenzyline-treated amimal, however, the enhance-
ment of spontaneous vasomotion started later, and was maintamned
for a longer period of time In the normal rat spontaneous vaso-
motion becomes mmpaired at about 140 to 150 minutes whereas it
persisted in effective functional state i the Dibenzylme-treated
rat. The venules and collecting vems present a narrowng and
occasional varicose constrichon which, I thmk Dr Zweifach will
agree, 1s what occurs in the Dibenzylhne-treated dog during hemor-
rhage. The Dibenzyline-treated rat remams in a compensatory
state at the end of the expennment and most of the available circulat-
mg blood 1s on the arterial side of the vascular tree and not on the
venous side as 1t 1s 1 control animals (50)

Zweifach- It is apparent that hyperreactivity will develop m the
terminal vascular bed, despite adequate adrenergic blockade 1n
terms of the blood pressure response to epmephrine.

Nickerson Yes, and apparently, from our expermments, a part
of that hyperreactivity may actually be due to materials formed
from Dibenamine m the body Hyperreactivity can occur several
hours after the admimistration of Dibenzylne even though the
ammals are not subjected to shock or other procedures

Zweifach It 1s unhkely that the protective action of Dibenamine
or Dibenzylne 1s related to the elaboration of degradation products
of these compounds Iirespective of whether the drug 1s given 90
minutes, 2 hours, or 24 hours prior to the shock experiment, the
treated ammals are protected agamst the deleterious effects of
shock as long as a dose sufficient to produce adrenergic blockade
is admimstered Whatever the locus of action of the drug, the
basic difference between protected and unprotected rats 1s the
persistence of an adequate circulation through the capillary bed
at extremely low levels of blood pressure

Nickerson I would mterpret that as another bit of evidence
mndicating that the protective effect of these drugs 1s at the level
of the arterioles rather than on the termunal vascular bed

Engel. 1 take 1t, then, that m the situation you are dealing with,
liver metabolism 1s reasonably normal as measured by other meta-
bolic parameters, and that this 1s being protected In some of the
early experiments Wilthelm (51) did (actually, they were the last
ones by the Yale Shock Group), he had some data indicating how
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procedures done previously to the circulation of the hver would
improve the liver’s capacity to resist anoxia later Using the tech-
mque of hepatic artery clamp, he studied the effects on subsequent
metabolic behavior of the anoxic liver of the mtroduction of certam
specific substrates, 1.e, glucose, ammo acids, fats, and so forth,
mto the gastromtestinal tract some time before the operaton It
was found that all the agents which were put mto the stomach by
stomach tube afforded protection, with the exception of corn oil,
as I remember The logical thing, at that pomt, was to do a control
in which saline was put mto the gut, there bemng no question of a
specific metabolite then It was found that saline put nto the gut
two hours before the liver was made anoxic protected 1t equally
as well as did any of the other substances tested It was decided
that this was an effect on the circulation, which conferred on the
liver an ability to resist hypoxia longer than it would without
]slomgthmg bemg mtroduced mnto the gastromntestinal tract before-

an

Zweifach Both Dr Selkurt and Dr Fime have brought out an
mmportant point in their experiments that should be emphasized,
namely, that the admimstration of Dibenzyhne after a state of
shock has developed has no protective action The drug must be
admmistered prior to the mnduction of shock in order to be effective

Engel- In regard to the resistant amimals, as I understand 1t,
you are dealing with an entirely different situation You should be
able to tell us what the sigmificance of these changes 1s I take 1t
from your data that the lver, mn this case, 1s actually anoxic, but
that you do have a sparing of the VDM mactivating mechanism
mn spite of the hepatic anoxia. Have you studied any of the other
metabolic changes? That 15, do these amimals have elevations m
plasma ammo acids, or any of the other changes usually seen
with shock?

Shorr: We had hoped you would do that

Cotzas Have surgeons tried to give any of these agents before
an operation?

Shorr Gangliomec blocking agents have been used at Memoral
Hospital, mn New York, and elsewhere to mduce hypotension prior
to drastic operations m which tremendous loss of blood 1s antici-
pated The postoperative picture, particularly the response to
transfusion, 1s profoundly ameliorated They emphasize that the
patient must be kept nearly flat

Fine Yes Learmonth and others have been domg it with
hexamethonium Tt produces a severely ischemic field mn which
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to work. Apparently, simce he 1s a very competent man, he would
not be usmg it if 1t were deleterious, although it takes a lot of
courage

Stead. I should like to pomnt out that vascular relaxation 1s a
part of the natural history of hemorrhagic shock When a dog 1s
first bled, 1t 1s difficult to keep its pressure constant at a level of
40 mm. Hg. Further removal of blood results mn death, and shght
hemodilution results m a rise i pressure The dog 1s sensitive to
gam or loss of blood. After several hours, it becomes easier and
easier to keep the dog hypotensive Decreases i blood volume no
longer cause death, and increases are not associated with a marked
rise m pressure Agam, I should like to raise the question of the
blood volume and Dibenzylme effect. If a dog in perfect health 1s
exsangumated immediately, 1t dies without any benefit from hemo-
dilution If the animal is exsanguinated to the point at which its
peripheral circulation nearly stops, it will again hemodilute very
slowly On the other hand, if the blood pressure 1s lowered and,
at the same time, the blood flow mamtaned, that 1s a perfect
situation m which hemodilution 1s gommg on at a maximum rate
I wonder whether what happens, m part, with the Dibenzyline
nught not be the same thing that happens m the natural course
of repetitive bleedings The lowering of the pressure occurs with
less vasoconstriction and therefore better blood flow In the Diben-
zylme experiments, I should think 1t would be important to deter-
mine not only the amount of blood taken out but also the amount
of blood left n the body The amount of blood left m may be
greater than would be expected from the amount taken out

Shorr However, Dibenzylme protects agamnst drum shock, n
which the blood volume phenomenon may be less important than
i hemorrhagic shock

Fine Are there any data on what happens to the blood volume
m the drum-shock rat?

Shorr I do not think we have any, yet

Fine Wouldn't they be pertinent 1n interpreting the Dibenzylne
effects?

Shorr- They certamnly would

Green Have you attempted to see whether you can produce
resistance 1 a normal liver shce by a short period of treatment
such as the addition of Dibenzylne, VEM or an enzyme?

Baez. Although I do not think we have a sufficient number of
expermments to draw definite conclusions, I may mention a few
experments we have done We should like you to regard these
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results as preliminary until they can be expanded We have found
that when Liver slices are mcubated with Dibenzyline in vitro, the
ferntin mactivation system seems to withstand subsequent hypoxia
better than do hver slices incubated similarly but without Dibenzy-
Iine Also when lLiver shces, obtamed from a rat which had received
20 pg. of Dibenzyline per 100 gm body weight 90 to 120 minutes
before sacrifice, were incubated in Ringer-phosphate solution mn an
atmosphere of 20% oxygen for 2 hours, no VDM could be demon-
strated 1n the supernatant On the other hand, there 1s VDM pres-
ent m the supernatant of hver shces obtamed from control rats
and similarly exposed to hypoxia

Nickerson. Several years ago, we sent several adrenergically active
and mactive Dibenamine congeners to Dr Guzman Barron, who
studied their effects on choline oxidase He found they were all
potent mhibitors of this sulthydryl enzyme, but he found no dif-
ference between the members of this group with adrenergic block-
mng activity and the mactive compounds (52) We know, from our
own mvestigations, that Dibenamine does rapidly link with sulfhy-
dryl groups

Shorr That should be looked into

Nickerson- It should be determuined whether this hiver effect 1s
related to adrenergic blockade per se, or 1s, as 1t very well could
be, an effect on the enzyme system mvolved m the reduction of
ferrtin,

Shorr Even if 1t should be a nonspecific effect, unrelated to the
adrenergic blocking effect of Dibenzyline, 1t would still be of con-
s]ildeliz:ble mterest m relation to ferritin metabohsm m the liver in
shoc

Nickerson It would, and 1t would then be necessary to see if
compounds which do not block the effects of epmephrine, but can
alter this hiver system, would be protective i shock

Moe Has Dibenamme alcohol been tried in shock?

Nickerson 1 do not think 1t has, and i1t would not be quite
appropriate, because the chlorme 1s necessary for the reaction with
sulfhydryl However, the benzyl group can be changed m many
ways to obtain compounds with high chemical reactivity but no
adrenergic blocking action

Shorr Do you think you could send us some compounds?

Nickerson: 1 could

Baez After the mtravenous admmmstration of Dibenzylne
(SKF 688-A) the basal reactivity to topical epinephrme of the rat
meso-appendix capillary bed becomes depressed With as little as
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1 pg of Dibenzylme per 100 Gm of body weight a decrease of
reactivity 1s noted The extent and duration of the depression
seems to be related to the dose given Thus with 20 pg of Dibenzy-
Iine per 100 gm of body weight the reactivity of the terminal vessels
to epmephrine goes down to less than 1 100,000 and requires five
to six hours to come back to threshold levels. The depression of
the basal reactivity following the injection of Dibenzylne does not
seem to be related to ferriin (VDM) mechamsms since 1t could
not be prevented with the specific antiferritin serum I should ke
to pomt out agam that mn spite of the depth of the depression of
the reactivity of the terminal vasculature, it 1s rapidly restored and
becomes hyperreactive under the stress of bleeding equivalent to
about 15 to 2 per cent of the body weight

Nickerson. We did this same sort of thing in a httle different
manner We took amimals shortly after the admumistration of
Dibenzyhne, determined the level to which the sensitivity was
depressed, and then adminmistered a previously assayed VEM sam-
ple The VEM caused essentially the same magnitude of increase
m these ammals as m control ammals, although starting at a lower
level. The only place where our data differ from yours 1s mn the
length of time for the sensitivity to return to normal or above I
do not recall any experiment in which our anmimals were not norm-
ally reactive, or hyperreactive, eight hours after the Dibenzylne
admmstration, and we have employed doses larger than those
which you used

Zweifach Did you try nor-epmephrme as the topical vasocon-
strictor for measuring the reactivity of the termunal vascular bed?

Baez With nor-epiephrine, a larger concentration 1s needed

Zweifach. Is this mm terms of blockade by Dibenzylne?

Baez: In terms of reactivity of the terminal vascular bed to topical
application of nor-epinephrine

Shorr We have confirmed Dr Nickerson’s onginal observation
that these amounts of Dibenzyhne depress the reactivity of the
termunal vascular bed for varymg periods of time The duration
of the depression depends upon the dosage Within an hour after
the first bleeding, when blood eguvalent to 15 to 2 per cent of
the body weight has been withdrawn, the mesenteric bed 1s free
of the depression of reactivity due to the Dibenzylne and the
reactrvity mounts to the heights that are seen 1n the normal animal

I do not know the mechanism of this; Dr Nickerson may be able

to explain 1t.
Nickerson+ Frankly, neither do I
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Moe Could 1t merely mean that the Dibenzyline m no way inter-
feres with the effect of VEM on vascular reactivity?

Shorr That 1s correct

Nickerson Dr Moe’s pomt agrees with owm observations In our
experience, the amount of mcreased sensitivity mmduced with a
standard amount of VEM 1s about the same m control animals and
m Dibenzylne-treated amimals, although in the latter 1t starts at
a lower pomt and the absolute level of sensitivity reached 1s not
quite as great

Shorr 1 think that 1s an mndication of the magmtude of VEM
production under the hypoxia of shock

METABOLIC ASPECTS OF FERRITIN (VDM )
AND OF ANTIFERRITIN

Engel May I ask a question about reduced ferritin from a meta-
bolic standpomt? Have you done any studies at all on the effects
of sulfhydryl ferritin 1 reduced form on enzymatic reactions m
the hiver, or anywhere else? I am thinking agamn of your resistance
experment Is ferntin itself responsible for any of the metabolic
changes mn the hver? Is 1t an inhibitor of any of the enzyme sys-
tems? I am thinking of the observations of Greig and De Turk
(53,54), who showed that there was an ammo acid oxidase mhibitor
which was formed in the hiver and released during shock

Shorr 'We have studied several enzyme reactions as affected by
ferntin These mclude phosphoglucomutase which converts glucose-
1-phosphate into glucose-6-phosphate, and the glycolytic system
which catalyzes the conversion of glycogen o lactic acid With
both of these systems ferritin was found to act as an inhbitor
No mhibition, however, was mvolved when apoferntin was used
Inorganic 1ron salts are also mhibitory, hence one cannot exclude
the possibihity that the ferrtin mhibition 1s due also to the action
of its won There 15 mcreasmng evidence that m 1ts action as a
vasodepressor, ferritin not only must be n the sulfhydryl form but
that 1ts 1ron 15 also mvolved We can, for example, obtamn a vaso-
depressor effect by the mjection of ron mto the blood stream This
action, however, can be virtually abolished by the prior administra-
tion of antferntin serum, suggesting that the iron operates not
per se but after becoming attached to ferritin This would also mean
that the vasodepressor effects achieved with apofermtin would

require that apoferritin icorporate ron following 1ts mjection nto
the blood stream
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Engel: What are the effects of other substances which influence
SH groups, such as ascorbic acid 10n, and so on?

Shorr Ascorbic acid, as well as reduced glutathione and cysteine,
will transform oxidized ferntin to the sulfhydryl form

Engel. It 1s tough.

Burton Ascorbic acid does have a very marked effect on the
resistance to cold, as shown by Dugal *

Nickerson: But that effect 1s mn the wrong direction to fit m with
this particular explanation.

Burton 1 have not thought 1t out, I am just reporting this.

Nickerson Dr Shorr, before we leave the ferrntin story may I
raise a question which, I beheve, was raised last year? At that tume,
the experiments had not been done. This afternoon we have gone
over a great deal of very interesting information regarding ferritin,
but we are still faced with the question of whether 1t 1s actually
part of the chamn of cause and effect which ultmately kills an
animal, or 1s sumply a mamfestation of the fact that the amimal 1s
gomng to die. Have you, or has anyone else, attempted to protect
agamst shock by the admmistration of antifermtin serum? This
would seem to me to be a most critical experiment and one which
would determine whether the fermtin per se was part of the etio-
logic chamn

Shorr 1 think Dr Zweifach can tell you of our few experiments
i that direction, and point out what we beheve are the linitations
of that approach.

Zweifach A recent report by Dr Hampton (55) mdicates that
the administration to rats of antiferritin serum (to rat ferrttin) had
no protechve action agamst the lethal outcome of the shock syn-
drome In our own expermments, the admmistration of antiferritm
serum to dogs, in amounts estimated to antagonize any fermtin
which might be produced or present in the circulation, gave equivo-
cal results, chiefly because of the many untoward side effects For
example, a widespread clumping or agglutination of red blood cells
occurred, together with leukocytic sticking Accompanymg ths,
there developed a considerable slowing of the circulation through
the capillary bed No clear cut answer could therefore be obtained
with respect to the possible protective action of antiferritin serum
durmg the shock syndrome

Shorr+ I think there are other difficulties, too, in that the anti-
serum, while 1t may be capable of temporanly clearmng the blood

discussion by Dugal, see Cold Injury Ferrer, M I, Editor Trans
;Egngoglg,ll?t%echork, Josiah Macy, Jr Foundation (To be published )
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stream, cannot cope with the overwhelming ferritin content of the
body We found that after early improvement, the situation de-
teriorates. Isn’t that true?

Zweifach In experiments where the antiferntin serum was ad-
ministered slowly by drmp mfusion, no sustamned improvement m
blood flow could be obtamed Despite the fact that the blood
appeared to be cleared of active ferntin during the infusion, VDM
activity agamn was present m the blood stream within 15 to 20
mimutes after cessation of the infusion. This may be due to the
difficulty of actually clearing the tissues of active vasodepressor
material by mtravenous admimstration of antiferntin serum

Nickerson. Is there any procedure by which active immunization
agamnst fermtm could be produced?

Zweifach It 1s possible to 1mmumze animals actively agamnst
heterologous ferntin, but probably not agamnst therr own ferritin
I do not know whether active immunization agamnst homologous,
naturally occurring, proteins has ever been accomplished

Nickerson All you can do, then, 1s produce antiferritin serum,
e g, by mjecting rat fermtin mto a rabbit, and then mjecting the
rabbit serum mto a rat?

Cotzias Dr Zweifach, you might be able to immumze a dog
agamst his own ferntin with some of the adjuvant techmiques that
Dr Freund uses

Zweifach That 1s a distinct possibility, but has never been tried

Burch Dr Shorr, I wonder 1f you would tell us how you visuahze
the role of ferritin i shock.

Shorr * A specific sequence of events occurs 1 temporal relation
to the appearance of the two vasotropic factors which act i opposite
directions on the termmal vascular bed The effects of VEM are
to assist m the vascular compensation to reduction m blood volume,
the effects of VDM are the contrary The temporal relationship
between the appearance of the vasoexcitor, VEM, and compensatory
mechamsms, the association of VEM with recoverability from shock
by transfusion, plus the deleterious effects of exclusion of the kidney
on the shock syndrome, lead us to mfer that VEM may constitute
4n mportant contribution to the compensatory reaction This does
not exclude other factors from operating, as undoubtedly they do

The time of appearance of the hepatic vasodepressor, 1ts per-
Sistence m the circulation m regular association with decompensa-

—_—_— .

*

fgilrlls an}cll other work of Doctor Shorr and his associates, reported at this Con-

meﬁe, as been carried out with the aid of grants from the Josiah Macy, {r

s Catlon, the National Institutes of Health, U S Public Health Service, Eh L1 ly
ompany, and the Postley Hypertension Fund
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Engel: What are the effects of other substances which imnfluence
SH groups, such as ascorbic acid 10n, and so on?

Shorr. Ascorbic acid, as well as reduced glutathione and cysteine,
will transform oxidized fermtin to the sulthydryl form

Engel: It 1s tough.

Burton. Ascorbic acid does have a very marked effect on the
resistance to cold, as shown by Dugal *

Nickerson: But that effect 1s 1n the wrong direction to fit in with
this particular explanation.

Burton 1 have not thought it out, I am just reporting this

Nickerson. Dr. Shorr, before we leave the ferritin story may I
raise a question which, I believe, was raised last year? At that tume,
the experiments had not been done This afternoon we have gone
over a great deal of very mteresting information regarding ferrtin,
but we are still faced with the question of whether 1t is actually
part of the chain of cause and effect which ultimately kills an
amimal, or 1s sumply a mamfestation of the fact that the animal 1s
gomg to die Have you, or has anyone else, attempted to protect
agamst shock by the administration of antiferrtin serum? Ths
would seem to me to be a most critical experiment and one which
would determine whether the ferntin per se was part of the etio-
logic cham

Shorr 1 think Dr. Zweifach can tell you of our few experiments

m that direction, and point out what we beheve are the limitations
of that approach

Zweifach A recent report by Dr Hampton (55) indicates that
the admnistration to rats of antiferritin serum (to rat ferrtin) had
no protective action agamst the lethal outcome of the shock syn-
drome In our own experiments, the admimistration of antiferritin
serum to dogs, mn amounts estimated to antagomize any ferritin
which might be produced or present m the circulation, gave equivo-
cal results, chiefly because of the many untoward side effects For
example, a widespread clumping or agglutination of red blood cells
occurred, together with leukocytic sticking Accompanying this,
there developed a considerable slowing of the circulation through
the capillary bed No clear cut answer could therefore be obtamed
with respect to the possible protective action of antiferritin serum
during the shock syndrome

Shorr 1 think there are other difficulties, too, in that the anti-
serum, while 1t may be capable of temporanly clearing the blood

PEE ussion by Dugal, see Cold Injury Ferrer, M I, Editor Trans
;Eé);ngoggl!ﬂ?t%gﬁci'ork, Josiah Macy, Jr Foundation (To be published )
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have shown that Noble-Collip drum resistant rats exhibit metabolic
changes to a much lesser degree than do nonresistant rats Their
results included data on the nse i blood amino acidd mtrogen From
these experiments, however, 1t 1s not possible to determine whether the
conditioning 1s on a circulatory or on a metabolic level Thus, there 1s
no way of knowimng whether the metabolic changes did not occur be-
cause no significant tissue hypoxia resulted from the imjury, or whether
the tssues responded differently and were resistant to hypoxia In
Dr. Shorr’s experniments, apparently the lLiver was hypoxic and yet
maintamed 1ts ability to mactivate VDM If the same 1s true of the
liver’s ability to metabolize amino acids, etc, then conceivably one
could attach the same sigmficance to these changes as to VDM, but
with the mmportant qualhfication that none of the metabolites under
question has been shown to exert an influence on circulation, as does
VDM On the other hand, if 1t 1s shown that when the conditioned
rat’s liver 1s hypoxic 1t stll mactivates VDM but does not metabohze
ammo acids normally, allowing amino mtrogen accumulation n the
blood, then the two phenomena have very different meaming At the
moment, we do not have the data to resolve this problem

In general, with regard to the sigmficance of the many metabolic
changes which have been described as occurnng during shock, one 1s
forced to the conclusion that they are all secondary to the effects of
tissue hypoxia, and there 1s no conclusive evidence that any one change,
or group of changes, 1s m 1tself cnitical n determming whether wure-
versible circulatory failure eventuates Furthermore, while there 1s
evidence that different organs and tissues become subjected to hypoxia
at different rates and degrees, and have different sensihvihes to
hypoxia during shock, there 1s no unequivocal evidence to single out
metabolic failure of any one organ as responsible for the final cir-
culatory decompensation To be sure, somewhat more striking evidences
of alterations 1n lhiver metabolism have been described, but one may
question whether this 1s not more a reflecton of the multiphcity of
hepatic metabolic functions which are modifiable by hypoxa, than an
indication that the hver 1s more seriously embarrassed than other
organs by peripheral circulatory faillure At the present stage of our
knowledge, 1 think we can only say that a variety of metabolic changes
eventuate as a result of the hypoxia of circulatory failure, and that i
general these reflect a shift to an anaerobic type of metabohsm, with
consequent decrease 1n efficiency mn terms of energy yield This latter
fact mn 1tself might be considered as the most important consequence of
the imtal hypoxa, and if uncorrected might be expected to lead to
mcreasing deterioration of many essential systems and functions which
are dependent on a continung energy supply At what poimnt these
summated changes and energy deficits become critical remains to be
established To me, the most important problem now from the meta-
bolhic standpomt 1s to determine the mechamisms mnvolved 1n the phe-
nomenon of conditioming  If, as suggested by Dr Shorr, certam organs
or tissues are stll subjected to hypovia after mjury 1n the conditioned
ammal and yet the ammal survives, 1t becomes most mmportant to
deterglllille m what way the organs and tissues of the condibioned
ammal have modified therr response to hypoxia By this approach, it
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tory peripheral vascular phenomena, the profound augmentation
of the VDM mactivation mechanism m ammals who are protected
from shock by tramming, the fact that Dibenzyline-treated ammals
who are protected from shock avoid the early appearance of VDM
and the deterloration of the hiver mmactivating mechanism — all these
persuade us that the decompensatory phase with eventual irreversi-
bility 1s dependent 1 a very considerable measure upon what hap-
pens to the ferriin mechamsms. This, too, does not exclude the
participation of other deletertous factors which may be necessary
to provide for the full development of the phenomenon of ure-
versible shock However, 1t has been our experience that unless
this picture of peripheral vascular decompensation has unfolded,
with feriitinermia and deterioration of the ferrtin imactivation
system, we have not encountered wrreversible shock Therefoie, we
1egard 1t as an imevitable concomutant of the series of vascular
events, which culminate i circulatory collapse

We recognize that many gaps exist for example, evidence of the
kind that msulm provides 1n 1ts relationship to carbohydrate metab-
olism We regard the actions of these materials as manifesting
themselves, either beneficially or deleteriously, i situations which
put the circulation m a precarious condition, but under ordinary
conditions either of these materials may exist in the blood stream
mn excess and the organism will retamn its ability to maimtamn the
circulation through the mvolvement of all of the other adaptive
mechanisms that contribute to circulatory homeostasis

Stead. Dr Engel pomnted out mn his discussion this morning that
certamn thimngs nearly always occur with shock 1n his experience
with rats, the plasma ammo acids always rnise 1 should like him
to outlne for us the differences between the appearance of the
chemical changes that we think are nonspecific in regard to shock,
but which always appear, and the appearance of VDM I want to
know if just one system, such as the rise m ammo acids, was charted
across the board with the rnse n VDM, where the differences
would be

Eprror’s NoTe Dr Engel added the following to the remarks

he made at the Conference

The companson of the changes in plasma amino mitrogen levels
during shock with Dr Shorr’s data on VDM, 15 not easy to make be-
cause certan key data which Dr Shorr has about VDM are not yet
available to us, with regard to other metabolic alterations during shock
It 1s true that, by and large, a substantal plasma amno mtrogen
increase occurs and persists i wreversible shock, but does not take
place, or 1s only mild and transient, when there 1s either spontaneous
recovery or a successful response to therapy McShan, et al (23),
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Remington. A dog that will wag its tail, eat avidly, and play with
me, 1s not a vegetable.

Moe: 1 am not so sure that tail wagging requires a very hgh
level of cortical activity, but I could be wrong.

Fremont-Smith: The question here 1s twofold: (a) What happens
to the cerebral circulation, if the head is low, would a blood pres-
sure of 30 mm Hg be enough? (b) Would the survival of the
ammals be worth-while since their brains have deteriorated. Of
course, 1t can be said that the begmning of any kind of therapeutic
effort 1s not worth-while unless it provides for a guaranteed recovery,
On the other hand even if these dogs were vegetables, it might
still be worth-while to keep on in the hope that they could be
devegetated.

Moe. You are making an extreme interpretation of my question.

Fremont-Smith- 1 knew you didn’t mean 1t that way.

Moe: 1 was thinking that f I myself were subjected to a pro-
longed hypotension which destroyed my power of cerebration, I
would prefer not to be ahive

Fremont-Smith: I would feel the same way.

Remington: I had a long list of comments that I had wanted to
make, but with the press of time I shall speak on only two points.
Fust, may I repeat from last year that the floor under the blood
pressure level seems to have been lowered i the Dibenamine-
treated ammal Ordmanly, when the diastolic pressure falls lower
than 20 mm Hg in an animal, the manometer’s calibraton must
be suspected With bled, Dibenamimnized dogs I have perfectly
adequate records of pressure values of, say, 30/8 mm Hg. I have
seen dogs with cardiac mndexes below that which would be lethal
In an untreated dog, with mean artenal pressures of 30 mm Hg,
wake from anesthesia. With pressures still below 50 mm. Hg, such
an animal could walk The next day those dogs appeared to be
fully recovered, and, m my termmology, they are not vegetables.

My second point is by way of a precautionary note We spent
about a year trymg to do direct measures of visceral flow. The
results were never pubhshed, except m abstract form (56), for we
were quite unsatisfied with the methodology Nevertheless, the
findings were consistent, and perhaps meaningful. In the dying,
control dog, and in the Dibenamimzed dog having the same pres-
sure level but not dymg, the oxygen content of hepatic venous
blood was of the order of 1 to 2 volumes per cent At an earlier
i}t}age m the bleeding, the oxygen content was either the same for

e two ammmals, or tended to be higher i the untreated animal.
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should become possible to differentiate metabohe alterations which are
sigmficant for survival from those which are trivial, as well as to learn
something about the fundamental mechanmisms of adaptation to mjury

Shorr. There 1s one thing I wanted to add, and that 1s that we
believe this work has some relevance to human shock I think I am
permitted to quote some studies we did on seven bloods from
Korea. These were frozen as soon as possible after being drawn,
and shipped by plane They reached us in a frozen state, and were
coded so that we did not know whether they came from normal
or shock patients We assayed them and found three bloods to be
free of either VEM or VDM. These proved to be from soldiers who
had hemorrhaged and recovered We found four bloods to have
high concentrations of VDM. Of these four patients, three died,
and one survived The one that survived, the false positive, was a
soldier who had received a large dose of morphine about a half hour,
or an hour, before drawing the blood, a circumstance that 1s prone
to develop vasodepressor activity Thus six out of seven predictions
were correct It would seem that the same mechamsms are operat-
mg m human shock as in animal shock, and that the same pre-
dictability exists, at least to judge from this small seres.

FURTHER OBSERVATIONS ON THE ROLE OF THE
SYMPATHETIC NERVOUS SYSTEM IN SHOCK

Moe: 1 have always supposed that the compensatory mechanisms
at the disposal of the cardiovascular system, had as thewr purpose
the maintenance of a level of arterial pressure which would guaran-
tee an adequate perfusion of the bram and the heart, and it has
seemed to me that probably the bran 1s relatively imtolerant to
prolonged periods of hypotension If this be true, I wonder whether,
in the light of these experiences with Dibenamine, 1t 1s really an
advantage to survive a period of hypotension In other words, what
happens to the cerebral cortex m the ammals that do survive? Do
they have the same cortical power, let’s say, as a normal ammal?
Granted they are still hiving, but your cnterion of Iife 1s the mam-
tenance of blood pressure 24 hours later, and the persistence of
respiration, and so on Are these ammals much better than vege-
tables? Has a maze test, for example, ever been run on rats before
and after a period of prolonged hypotension?

Shorr. They behave hike normal rats and dogs

Moe. Yes, I dare say they do

Remington They are not vegetables, very definitely not!

Moe What is your criterion?
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Burton This would agree, wouldn't 1t, with our knowledge that
epmephrine mcreases the flow mn the hiver? (61,62) On general
pharmacologic theory, a sympathicolytic agent would, if anything,
decrease the flow then, wouldn’t 1t?

Nickerson. I would arrve at a somewhat different conclusion.
The adrenergic blocking agents with which we are acquaimted
block only the excitatory, constrictor effects They do not alter the
mhibitory response If the change m liver circulation m response
to epmephrine 1s a composite, as 1s the case m most vascular beds,
with some constriction and more dilation, and the constrictor
component 1s blocked, the dilation would appear to be even more
pronounced

Fremont-Smuth: Is there any information about the influence
of these drugs on cerebral blood flow? It would seem to me that
if there weie any possibility of a cerebral vascular dilation of
arterioles, then there would be a basis for survival at a level other
than the vegetable at a considerably lower blood piessure, because
the rate of delvery of oxygenated blood to cerebral capillares,
which 1s the key point, would be kept up

Nickerson: 1 do not know of any studies with piessures as low
as 30 mm Hg, but at higher pressures cerebral blood flow stays
relatively constant even though the arterial pressure 1s lowered by
drugs (63) The same thing occurs when the blood pressure 1s
reduced by spmal anesthesia not high enough to denervate the
cerebral bed (64) It appears that the cerebral circulation, and to
a large extent the remal circulation, takes care of itself, that 1s,
mternal compensation allows the cerebral vessels to dilate as the
blood pressure goes down There are undoubtedly limits to this
compensation, but they have been madequately studied i patients
with a normal circulation

Fine We* have made studies on the sagittal smus during arteral
pressures as low as 30 mm Hg

Kmisely There 1s a pont here of straight physics I can’t tell
you quickly the Poiseuille equation (65), but, if I remember rightly,
the volume flow through a small tube 1s proportional to the total
pressure drop, and proportional to the fourth power of the radius
Thus, you could have a large drop n pressure compensated for by
a very small increase m radius

Nickerson There 15, of course, considerable argument as to just
what role the sympathetics play m the control of the cerebial
circulation Forbes (66) and others, years ago demonstrated that

*Fme, J, Frank, H, and Frank, E Unpublished data
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The results from the flow determmations mdicated that, if there
was any real difference, the hiver flow was lower 1n the Dibenamime-
treated dog. Of vanous regional flows measured, the only clear
difference between the two amimals was with the hind leg flow,
where the flow was not curtailed to nearly the same extent mn the
ammal given Dibenamme Piesumably, this would apply for other
muscle beds

. Bt;rton Did I understand you to say 1t 1s reduced through the

ver

Remington It 1s seemmgly 1educed through the liver

Burton. A lot of the previous discussion implies an mcrease m
the flow

Remington No, 1t 1s reduced

Selkurt What was your method for measuring this?

Remington We tried various procedures and were dissatisfied
with them all First, we tried the Blalock technique of passing a
brass pipe, bearing a balloon, down the jugular vein into the nferior
cava Inflation of the balloon prevented venous return fiom the
abdominal cava and allowed collection of hepatic venous blood
However, any pipe we could get mto the jugular vem could not
carry enough flow to support the amimal The same was true of a
larger pipe mmtroduced mto the inferior cava through a sht in the
auricular appendage We then turned to a rotameter in the -
ferior cava, above the hepatic vemns, or one in the portal vem In
all cases, the course of circulatory events after the rotameter was
mserted was quite different from that seen in an mtact dog sub-
jected only to hemorrhage What we were actually studying was a
mixture of hemorrhage and “rotameter,” or venous resistance, shock
(57,58) On the other hand, the directional pattern of flow change
was consistent, and there was no great change n resistance of the
hiver circuit as the amimal failed

Selkurt: This must be mn the Dibenamimized animal

Remungton. In the control, too

Shorr Isn’t that mconsistent with Wigger’s findings?

Selkurt It is mconsistent with our findings (59) and also
Wigger's (60)

Eprror’s Note Dr Remington wished to add the following
“afterthought” at this pomt

It should be pointed out that the visceral flows we measured were
in dogs bled stepwise until death, and that no transfusions were given
In general, the high hepatic resistance reported from Cleveland apphes
to the post-transfusion picture rather than to the pretransfusion hypo-

tensive phase
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Stead I am just pomnting out that these people thmk well. I am
giving a comphment to the group

RELATION OF BACTERIAL ACTION TO DEVELOPMENT
OF STATE OF IRREVERSIBILITY IN SHOCK

Shorr. A year ago Dr Fine told us about work gomng on m his
laboratory which made us reahze that we were gomg to have to
recognize the participation of new factors i the shock syndiome
I am sure that he must have a lot more to tell us now

Fine For the benefit of those who were not here last year, I
shall repeat some details concerning the technique we use for con-
trol data, upon the basis of which we make observations on the
effect of the bactenal factor in hemorrhagic shock

The dog is healthy as far as we can judge: free of fever and of
any obvious malnutrition It 1s well fed for at least a week before
bemg subjected to blood loss Bleeding 1s started an hour or so
after 1t has been given a small dose of morphine to reduce appre-
hension Sometimes the morphme 1s omitted Novocain 1s put into
the grom, the vessels are cannulated, and the artery 1s connected
to a reservoir containing heparin, elevated so that bleeding waill
stop when the blood pressure falls to 30 mm. Hg systolic, where
1t remaimns without any fluctuation for some hours That level was
selected because we had found by experience that a level below
30 would produce untoward cerebral responses, changes 1 respira-
tory rate, convulsive seizures, and so on But at 30 the ammmal 1s
responsive mdefinitely, at least until the time when ureversibility
sets m We selected this level deliberately in order to produce the
most drastic form of hypotension consistent with recovery when
transfused

The animal 1s allowed to take back the blood from the reservowr
as 1t requires it ‘Observation demonstrates that durmmg the first
45 minutes or so the dog bleeds mto the bottle, so that the volume
m the bottle mcreases and eventually reaches a maximum of about
58 ml per Kg body weight There 1s very little variation 1n maxi-
mum bleeding volume from dog to dog, not more than a few per
cent m the entire series About an hour after the bleeding has been
started, the dog begms to take back some of the blood If the dog
15 transfused with what 1s left m the bottle before 1t has spontane-
ously taken back two-fifths of 1t, 1t will recover 1 most mstances
By recovery, I mean that the next day, the following day, and
thereafter, one can’t tell such an animal from one that has not been
submitted to the experiment In behavior, 1t 1s normal It eats, is
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1t 15 possible to obtain cerebral vasoconstriction by stimulating the
cervical sympathetic nerves However, it 1s very much less than
the constriction obtained 1n other areas of the body. Consequently,
blocking these sympathetic nerves might not have a major effect.

Stead: Actually, the mamtenance of blood pressure, even 1 man,
doesn’t seem to be terribly important at certamn times. It is rare
to see any symptoms of cerebral dysfunction develop 1n a person
with neurogemic postural hypotension as long as the systolic pres-
sure remains over a level of 50 mm Hg This 1s remarkable when
you consider that blood must be raised aganst gravity from the
heart level to the head. Of course, this differs from the person
without sympathetic paralysis, in whom the pressure 1s mamntained
for a long ttme during motionless standing but finally drops pre-
cipitously

Burton. On this question we need to distinguish carefully be-
tween reversible and irreversible damage to the bramn. We know
that if the oxygen supply to the brain is completely cut off, even
for as short a time as 30 seconds, 1t may result in damage to the
cells which a pathologist can find On the other hand, reduced
blood flow may lead to unconsciousness but may not produce any
ureversible damage which will give cerebral symptoms later

I have always been bothered about this question of sympathec-
tomy giving some protection in shock to the anmmals in our labora-
tories It seems m such violent conflict with Cannon’s 1dea of fight
and fhight, and the role of the sympathetic nervous system which
1s to pieserve the animal m fight However, there isn’t any real
conflict, because, I suppose, m nature a small drop n the blood
pressure will make the amimal unable to win the fight. Conditions
m the laboratory and in the hospital are utterly different The
blood pressure, then, I think, becomes of very little importance
to the bram as long as there is enough flow to prevent irreversible
damage It helps me to resolve that theoretical biological difficulty
in that way

Stead There 1s certainly no question but that these people don’t
fight well and 1if put to choppmng wood, they faint away, but the
fact remams that they can supply the bramn and mamtam a normal
metabolism at an extraordmnarily low blood pressure

Burton What would happen if they were put in a conference
such as this?

Stead: They would be, as far as we can tell, just as good as any
of the gentlemen around the table

Fremont-Smith- On whom are you casting aspersions?
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Stead I am just pointing out that these people thmk well. I am
giving a comphment to the group

RELATION OF BACTERIAL ACTION TO DEVELOPMENT
OF STATE OF IRREVERSIBILITY IN SHOCK

Shorr. A year ago Dr Fme told us about work gomg on m his
laboratory which made us realize that we were gomg to have to
recognize the participation of new factors i the shock syndrome
I am sure that he must have a lot more to tell us now.

Fine. For the benefit of those who were not here last year, I
shall repeat some details concerning the technique we use for con-
trol data, upon the basis of which we make observations on the
effect of the bactenal factor in hemorrhagic shock

The dog 1s healthy as far as we can judge. free of fever and of
any obvious malnutrition. It 1s well fed for at least a week before
bemg subjected to blood loss Bleeding 1s started an hour or so
after 1t has been given a small dose of morphine to reduce appre-
hension Sometimes the morphine is omitted. Novocain 1s put nto
the grom, the vessels are cannulated, and the artery 1s connected
to a reservoir contamning heparn, elevated so that bleeding will
stop when the blood pressure falls to 30 mm Hg systohic, where
it remams without any fluctuation for some hours That level was
selected because we had found by experience that a level below
30 would produce untoward cerebral responses, changes 1 respira-
tory rate, convulsive seizures, and so on But at 30 the animal 1s
responsive mdefinitely, at least until the time when ureversibihty
sets m We selected this level deliberately i order to produce the
most drastic form of hypotension consistent with recovery when
transfused

The animal 15 allowed to take back the blood from the reservour
as 1t requires 1t Observation demonstrates that during the first
45 mimutes or so the dog bleeds mto the bottle, so that the volume
n the bottle increases and eventually reaches a maximum of about
53 ml per Kg body weight There 1s very httle vanation m maxi-
mum bleeding volume from dog to dog, not more than a few per
cent in the entire series About an hour after the bleeding has been
started, the dog begms to take back some of the blood If the dog
15 transfused with what 1s left in the bottle before 1t has spontane-
ously taken back two-fifths of 1t, 1t will recover 1 most mnstances
By recovery, I mean that the next day, the followmng day, and

ereafter, one can't tell such an anmimal from one that has not been
submitted to the experiment In behavior, 1t 1s normal It eats, is
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frisky, and can later be used for other experiments. However, if
the dog 1s transfused after 1t has taken back more than 40 per cent
of the maximum loss, the recovery rate 1s reduced to 1 m 5 or less.
There 1s a pressor response to the transfusion, but 1t does not last
very long. After the pressure falls to 60 systolic, 1t goes down pre-
cipitously and the dog 1s dead in an hour or so.

Thus 1s the standard experiment It shows that a dog can tolerate
a blood pressure of 30 mm. Hg for an average of 4 8 hours without
noticeable permanent damage, 1f 1ts blood loss 1s fully restored
before the end of that period of time The animal has had no drugs
of any kind except one dose of morphine, which does not influence
the result one way or the other In other words, we are able to
produce a state of wrreversibihity to transfusion mn the unanes-
thetized dog provided we subject 1t to this degree of hypotension

for longer than an average of 4 8 hours before fully replacing its
blood loss

After many years of studying this problem, we came to the con-
clusion, as Dr Engel also believes, that one cannot attribute the
development of wreversibiity directly to functional failure of any
vital organ We worried about such things as electrolyte imbalance,
and we satisfied ourselves that maimntenance of electrolyte balance,
by use of the artificial kidney, did not prevent the development of
ureversibiity So we began thinking all over agam about the possi-
bility of wrreversibility being related to bactenal action

Shorr Wasn't there one organ that you did implicate through
your viviperfusion experiments?

Fine Yes, but we were stumped While we thought we were
doing something that indicated that the liver was rather important,
we couldn’t imterpret its meaning

Shorr Would you describe those experiments for us?

Fine The liver was subjected to cross circulation with a donor
ammal, so that the hiver of the recipient, whose systemic arterial
pressure was kept uniformly at a level of 30 mm Hg as described,
recerved from the donor animal some 400 ml. of arterial blood
per minute, an equal amount bemng taken from a vem and returned
to the donor ammal If perfusion was started at the begmnmng of
the hypotensive pertod, the amimal was responsive to the return
of blood many hours afterward, much longer than the control dog.
This protective effect was not obtaned when we perfused the
recipient via a systemic vemn The liver, therefore, was certanly
involved m a very important way, but we do not know how. Dr.
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Shorr also feels that the hiver was important. So do Dr Engel and
Dr Long But we cannot nail down the factor of importance

All of us are familiax with the fact that if the hiver 1s taken out
entirely, rapid disintegration ensues, but it 1s not nearly so rapid
as 1t 1s 1n the case of a deeply shocked amimal We eventually came
to the conclusion that something was developing 1n the unprotected
hiver that was deleterious It might be VDM or it might be some-
thing else Hence, we decided to study the bacterial factor, because
if results varied i different species, 1t might be due to differences
m the bacterial content of the iver and other tissues

We had long before this tried antibiotics by putting penicillin
mto the reservoir, directly mto the circulation, and mjecting it
mtramuscularly during the shock period. But there was no benefit
of any consequence Then we thought that smce pemcillin has a
limited range, we should try Aureomycin With Aureomycm given
mtravenously, we didn’t get much farther Instead of the average
recovery rate of 5 or 20 per cent in the control series, we got a
40 per cent recovery rate, but this was not defimtive enough to
assess the sigmificance of the bactenal factor

In the meantime, we had been doing work on the bacterial factor
m such disorders as pancreatitis and i peritomtis developing n
patients whose peritoneal cavity was bemng mrrigated for the treat-
ment of urerma In this work, evidence was obtamed showing
mvasion of the peritoneal cavity by mtestinal bacteria It seemed
to us that the same might occur during shock as a result of anoxia
n the gut Because we were able, 1n some of our experiments on
pancreatitis and peritonitis, to prevent death if an antibiotic was
given orally but not parenterally, we repeated the shock experi-
ments with the antibiotic admimistered orally We began wath
Aureomycin, and for the first time, there was a really substantial
difference 1n the mortality rate In the first 25 dogs to which were
given Aureomycin, there was an 88 per cent recovery rate More-
over, these ammals could tolerate the hypotensive periods for much
longer periods of tme Instead of an average period of 4 8 hours
of tolerance for the 30 mm level of pressure before they became
decompensated, we found that the dogs fed Aureomycin could go
eight hours and stll respond to transfusion They sometimes drank
water withm an hour after they got the transfusion, and the nexat
day they were frisky, and seemed none the worse for the experi-
ence

I should like to emphasize the fact that every time an experiment
with an antibiotic was done, we always ran a concurrent control



126 Shock and Circulatory Homeostasis

ammal without the antibiotic Other antibiotics were tried m
order to discover what orgamisms were mmvolved Before exploihing
the other antibiotics, we mvestigated Clostridia, which are the
predommant bacteria i the hiver of the dog. If the Clostndia n
the dog’s tissues have any bearing on the phenomenon of ire-
versibility, why should Aureomycin, which suppresses the Clostridia
i the gut, not do so when given ntravenously? We tried clostrid-
1a] antitoxin, mn huge amounts for days We gave it before we
mduced shock, and during shock, but we made no significant mm-
pression on the survival rate It was not more than 30 per cent
Then we used the toxoid, which Dr Logan and Dr. Altemeier of
Cmcmnati developed, and which they consider able to produce
immunity to the Clostridia It did not make any impression either.
I shall leave the question of the Clostridia for further reference, after
I describe the series of experiments which were done with other
antibiotics, to see which other intestinal flora, if not the Clostrnidia,
might be responsible

Neomycin was then tried orally, because this drug does not
reduce the Clostridia in the gut, and, moreover, only three per cent
of 1t 15 absorbed (At the time we thought none of 1t was absorbed )
It was as effective as Aureomycin We then tested Terramycm, and
got about an 80 per cent recovery rate It was surprising that there
was almost no therapeutic benefit from chloramphenicol, which
1s an absorbable drug with a considerable antibacterial range
Bacitracin, which 1s nonabsorbable, was tried next In spite of the
fact that this drug has a remarkably rapid effect on the mtestinal
flora, there was no substantial improvement with 1t either Strepto-
mycin produced a better recovery rate, about 50 per cent, but this
was not nearly as striking a result as with the broader-range
antibiotics From Sulfathahdine there was no benefit

In summary, we received no clue whatsoever from these results
as to which bacteria were mvolved, and we wondered whether we
were getting an effect which had anything to do with antibiotic
action From our first results with the oral route, we assumed that
mtestinal bacteria were mvading during the shock process The
result was not good by the oral route when we gave the drug a
few days m advance, unless we added a large primng dose on the
morning of the experiment It was apparently necessary that the
dog’s imtestine be thoroughly saturated with antibiotic when the
experiment began. Priming alone, while not nearly as effc.ectlve,
was still very substantial in 1ts effect We then found that while the
antibiotic, when administered ntravenously after the dog was 1
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shock, was not very effective, a good result was obtammed with
neomycin and Aureomycin when given via the portal vein for
several hours before bleeding was started We concluded that while
giving the drug orally, especially during the few hours preceding
the precipitation of shock, probably reduced the degree of bacteral
mvasion during the shock phase, the oral route was not essential
The essential thing was the deliverance of an effective antibiotic
to the site of greatest bacterial action, namely, the lhver, under
conditions when 1t could get there. Apparently, the drug could not
get to the site of action as well if the antibiotic was given only after
shock had been precipitated, or when given via a systemic vemn
rather than by mouth or via the portal vein.

I should ke to show you now the actual data

In Table II the top figure mn the righthand column, 21 per cent,
1s the average survival rate in 201 control ammals If a defimtive
effect of an antibiotic 1s arbitrarily limited to 65 per cent or better,
there 1s not much doubt that with certain antibiotics a positive
effect 1s obtamned upon wureversibiity to transfusion Bacterial
spectes, sensitivity, or absorbency of the drug cannot be correlated
with the effect of the antibiohic But we can .say, i general, that
the only antibiotics which prevent wrreversibility are among those
which have a broad range and which are absorbable (excepting
neomycm, which 1s poorly absorbed)

This bemng so, whether the dose used was m fact an antibacterial
dose or a pharmacologic dose, will have to be considered With
penicilhn, there was a 65 per cent recovery rate when given through
a duodenal catheter prior to mducing the shock, and continued
parenterally during the shock period (Table II, 5a ) Pemcilln
has no pharmacologic action As for Aureomycm, we used 5 gm
as a priming dose (1A a.) That 1s a huge dose for a dog I do not
know whether this dose signifies a phamacologic action Since we
got an equally good result with neomycm m the same dose (3 a
and b ), and only three per cent 1s absorbed, I would say no
Moreover, the dose of both drugs via the portal vemn was only 500
milligrams

Shorr What do you mean by “a pharmacologic action?”

Fine 1 would say a nonantibacterial action

Fremont-Smith Other than an antibactenal action?

Fine Yes

Shorr Would you describe the experiment using inactivated
Aureomycin?
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Fine That 1s the next poimnt I should hike to mention We thought
mactivation of the Aureomycm should be tried. We did this by
dissolving 1t 1n normal saline solution, exposing it to a temperature
of 37° C for four days, and then evaporating to dryness We
assayed the dried material and found that 1ts antibactenal action
was reduced to between 00001 per cent and 0001 per cent of
that of the active drug With this matenal, the result was not the
same as that obtamned with the active drug (compare 1A b. with
1By and 1A h with 1Bk, Table II )

Shorr. Wasn't the survival 61 per cent?

Fine It was 61 per cent at 36 hours, but only 38 per cent per-
manent survival The figures I am talking about, and which I
consider valid, are those for permanent survival without any damage
that can be 1dentified from observation of the behavior of the
animal

We wanted to try other mactivated antibiotics, but did not know
how to mactivate them Inactivated penicillin has not yet been
tried but we have been told that pemcilhin mmactivated by pemcil-
Iinase 1s no longer pemicilin We do not yet know how to test the
matter further The problem, then, as to whether this 1s a pharma-
cologic o1 an antibiotic action, has not been definitely settled, but
I think the evidence 1s rather n favor of an antibiotic action

Goimng further mnto the mechamsm of action of the antibiotics.
since they do not have to be given so as to act upon the bacteria
within the gut, helpful as that seems to be, we wondered what
then effect was upon the bactena i the tissues Accordingly,
1outine blood cultures were done throughout the shock period In
Table I1I, data on cultures of blood taken from the systemic vemns,
the portal vein, and the lymph of the thoracic duct are given The
results are almost uniformly negative m both treated and untreated
dogs The blood for these cultures was taken i various ways a
diop at two munute intervals, or by continuous flow with replace-
ment by donor blood In several imnstances, we exsangwumnated the
animal and cultured an aliquot

Shoir These are your control animals without antibiotics?

Fine Both types, treated and untreated The 1esults, for all
practical purposes, are uniformly negative

Table IV shows data on cultures from animals that died, from
those surviving antibiotic therapy, and from normal dogs The
cultures were made immediately after death or sacrifice The portal
blood shows bactena, although m smaller mcidence The per-

toneum also has some, but the liver yields positive cultures n
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practically every case There seems to be a higher mcidence of
positive cultures m the nonsurvivors, but the differences are not
sigmificant In other words, although we have apparently succeeded
m curmg the ammal of shock, we have not succeeded m sterihzing
1ts tissues

Shor1  Could you tell us about the number of bacteria per
milhhiter?

Fine. No We have no quantitative data These are biopsy and
flud specimens cultured on blood agar plates, n t]:uoglyc.ollate
and 1 thioglycollate broth, and both anaerobically and aerobically
In addition to Clostridia, these amimals show, m much lower mci-
dence, other types of organmisms, but they are mtestinal flora in
every case There is about a 20 per cent incidence of non-clostridial
bacteria, such as Proteus, Pseudomonas, E col, etc It 1s 1emark-
able that immediately after death one gets positive blood cultures.
The blood of these same ammals sampled very shortly before death
1s sterile

Kmsely The speed with which bacteria can be removed from
the blood 1s fantastic The rate of multiphcation of the orgamisms
may be very fast Since they are taken out rapidly during Dfe,
very few will be found at any one time until after death, and
because they continue multiplying during and after death a great
many will be found after death

Fine. Yes, the conclusion from these data 1s that something hap-
pens to the antibactenal properties of the plasma at the moment
of death which allows one to grow out bactera that are presumably
present in Iife but are not capable of growing out 1n culture so long
as they aie taken from blood which 1s still circulating This sug-
gests that, at least in the dog, there 1s a continuous nvasion of
the blood stream

Whether the bacteria mm tissues of the dog i shock are more
pathogenic than those of the normal dog 1s perhaps answered 1n the
data of Table V. Homogenates of liver from the animal m shock were
implanted 1 the pertoneal cavity of gumea pigs, which are ordi-
nanly free of Clostridia Similar experrments were done with liver
from healthy dogs Notice that the number of gumea pigs, which
died when the amount given was 3 to 5 ml, 1s far greater mn the
case of the hver n shock than 1t 1s 1 the case of the normal hver
This suggests activation of these bactena n the hver of the animal
mn shock Data on untreated ammals which died m wrreversible
shock are given m the Table The dead gumea pigs showed
Clostnidia 1 the liver, which is ordinanly free of them It 15, there-
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shock state 1s produced, because 1t must be available during the
stage of activation of the bacteria. Pemcillm 1s no good for an
infestation unless given while the organisms are growing We gave
dogs large amounts of antibiotics after irreversibihity had developed.
They were not benefited 1n the least, presumably because a suffi-
cient amount of toxin had already been elaborated, or because the
antibiotic could not reach the site of bactenial achion m sufficient
concentration owing to deficient flow 1n the capillary circulation
What this points to by way of further study 1s, of course, obvious

I should like to mention one more thing In the light of these
newer data, we should review the data on tourmquet shock gathered
during the war 1n order to understand why tourniquet shock in the
dog 1s so much more nreversible to blood volume therapy than
hemorrhagic shock It may that we can explam 1t i terms of the
extensive infection i the muscles mduced by the tourniquet. I
think this may also explamn the source of the vasodepressor sub-
stance which Dr Shorr found in the blood leaving the extremmty
the minute the tourmquet was removed

Eprror’s NoteE:

Dr Fine has reported that since the Conference, his group has
found that clostridial antitoxin prevents the death of guinea pigs fol-
lowing implantation of hiver homogenate from dogs m shock Also that
preliminary observations on the rat, carried out since this Conference,
show that irreversible hemorrhagic shock can also be prevented by oral

antibiotics 1n doses within accepted therapeutic range, 1€, 150 mg. per

kalogram Invasion from the intestinal or respiratory tract 1s the obvious
mnference

Shorr We considered that possibibity and beheve that we bhave
ruled it out We simulated the hypoxia these limbs are exposed to,
by incubating muscle anaerobically in vitro under sterile conditions
Bactenal counts were done for us by Dr Rene Dubos as a check
on the techmque A vasodepressor was released, as usual,

Fine: Dr Haist has some mteresting and pertinent data on
tournmiquet shock in the rat

Nickerson Before we go on, I should like to go back for just
a moment to the experiments with the inactivated Aureomycin.
I was very much impressed by the degree of survival which Dr.
Fme obtained The 36-hour survival mecreased from 24 per cent
to 61.l per cent, and although the over-all survival increased less,
it still almost doubled. This was with a preparation which had
only 000001 of the antibacterial action of the origmal Aureomycin
Ft was given 1 the same dose as the active Aureomycin To me,
it 15 amazing that the “antishock” property of the Aureomycin
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TABLE V1

Intraperitoneal Injection of Liver Tissue Suspensions
into Guinea Pigs

Test Dose SHOCK LIVER CONTROL LIVER
Homogenate Number Number Number Number
(cc) survived died survived died
%1 6 0 8 0
2 8 1 8 0
3 10 2 9 1
4 6 6 11 0
5 3 5 6 2
“Shock ILaver” from dogs mn wureversible hemorrhagic shock
“Control Liver” from normal dogs

1This Table appeared in a progress report submitted to the Subcommittee on Shock
of the National Research Council under a contract with the Office of Defense and
1s reproduced here by courtesy of the Office of the Army Surgeon General

fore, conceivable that the anmmal m shock 1s bemg fed a poison
from his own hver, probably derived from these or other bacteria
because antibiotics mhibit the lethal effect.

Shorr. How soon does death occur i the guinea pig?

Fine Within 24 or, at the most, 48 hours

Olwer. Is 1t a death from mfection?

Fine Yes, at least some of them showed perntoneal hyperema
and Clostridia locally and m the liver We concluded that the
nreversibiity which developed m the shocked animal was due to
bacterial action

The thing to do next 1s to see whether wrreversibility will occur
when there are no bactena in the tissues. Data from animals free
of bactena, such as the rat, can give us mmformation In substance,
since an antibiotic 1 the proper dose and at the proper time pre-
vents wreversibiity, failure to recover bacteria from the blood
stream 1s insufficient evidence to exclude bactenal activity or mnva-
sion durmg shock The bacteria at fault are from the intestmal
tract, though not necessarily those which may be mvading during
the shock period Giving the drug 1n advance via the mtestine may
have a better result than giving it parenterally during shock, per-
haps by cutting down mvasion before, as well as durning, the shock

process. But the antibiotic must also be present at the time the
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mtrathecally, 1t will cause convulsions. Presumably, the action
mnvolved 1s not pharmacologic, but until we know more about what
action we are dealing with, 1t 1s impossible to say a drug does
not have 1t

Fine. How, then, will we explamn the effect of neomycm, of
which only a very small fraction 1s absorbed from the gut?

Nickerson. I do not know, but since we are hypothecating, 1t
seems to me quite reasonable to suggest that neomycin may have
this nonantibacterial property to a very high degree Perhaps three
per cent absorption 1s enough

Fine 1 talked to Professor Florey about this in September He
said that, so far as he knew, penicilin m any dose has no known
action except an antibacterial action *

Shorr. How does 1t exert its antibacterial action?

Fine 1 don’t know

Burch It will produce immune reactions, such as urticaria

Fme Only in a few mdividuals

Shorr. In the last analysis the mterference by all antibiotics with
the growth of orgamsms 1s an iterference with some biochemical
process You cannot exclude the effect of these agents, particularly
m these large amounts, on tissue enzymatic processes of a character
similar to those which are affected mm bacteria I think the pomt
that Dr Nickerson made 1s very well taken, that it muight be
important to mject very much larger amounts of mactivated Aureo-
mycin

The second question I should like to raise 1s how do the animals
that survive for 36 hours, die? Do they experience the same
sequence of events that we observe mm animals who become 1rre-
versible to transfusion?

Fine 1 do not know We did not examine them

Shorr How about their blood pressure?

Fine We did not measure 1t

Shorr Then you really cannot say that they are dying of shock
It could be something else That 1s why I believe that the survivals
with the mactivated Aureomycin acquire potential sigmficance

Fine Chloramphenicol, which 1s supposed to be an antibiotic
of considerable potency and almost as good as the other three, does
not give as good a result

Nickerson Is not that in 1tself an argument against this protec-
tion being strictly due to an antibactenal action?

*Personal communcation
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survived to the extent that it did after the treatment to which the
material was subjected Some reduction m this activity as com-
pared to the fresh Aureomycin 1s to be expected When you alter
a molecule, you cannot necessarily expect to alter only one of its
properties I should certamnly hike to see figures on what would
happen if, say, three times the dose of the mactivated Ameomycin
were given, assuming that just a quarter or a third of the antishock
activity was left. It seems to me that this expermment of Dr Fine’s
1s most 1mportant and enhghtening If one can, essentially, com-
pletely mactivate the antibactenal action and still have a third o,
m the 36-hour survival, two-thirds of the protective action of the
active Aureomycn, that 1s extremely strong evidence that an action
other than the antibacterial action is mvolved

Knisely. An impossible but serious and friendly question 1s there
any chance that the body would reactivate the Ameomycin?

Fine I wouldn’t know

Knisely Is that too foolish a question to ask?

Fine 1 don’t know, I cannot answer it

Moe But the question here 1s what 1s the sigmficance of the
data? The survival rate of untreated controls was 21 per cent of
201 animals How many amimals were treated with this mactivated
Aureomycm, and how sigmificant was the 38 per cent? Dr Fine,
did you regard it as significant?

Fine There were 21 ammals 1n group 1B} and 24 m group 1Bk
We decided that the only standard that we could use to determine
the protective action of an antibiotic was permanent survival We
pondered over the rather striking result at 36 hours, but we felt
that if the amimal was not permanently cured of his shock, that
substance was not strong enough to inhibit permanently the action
of activated bacteria If we msist on a nonantibacterial explanation,
we have to explain why pemicillin, which 1s known not to have a
pharmacologic action, did as well, or decidedly better, with a
permanent recovery rate of 65 per cent

Nickerson That cannot be explamed on the basis of what we
now know about 1its pharmacology

Fremont-Smith- How many animals did you have with the -
activated Aureomycin? That was the question ~

Fine We had a sufficient number: about 20

Nickerson One difficulty 1s in our mterpretation of a pharmn-
cologic action I do not agree with the mmplication that bacteio-
stasis 1s not a pharmacologic action“ Penicillin cgrtam]y dcz’es have,
if T may use the term in quotes, pharmacologic actions” Given
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Nickerson: I am still qute mmpressed with the fact that you cer-
tamnly have done something to these animals with the mactivated
Aureomycin

Fine I should still not want to say it 1s a nonantibacterial
activity, because there 1s some activity even though it appears to
be shght

Nickerson. The fact that protection with the mactivated matenal
1s not equal to that with the untreated Aureomycin seems to me
quite unimportant until 1t has been demonstrated that larger doses
will not give equal protection It would be surprismg 1if four days
of mcubation did not alter several properties of the Aureomycimn

Shorr. I should hike to reiterate the pomt that antibiotics do not
act n a vacuum. They act on cellular metabolism. They will act
preferentially on bactenal cells, but i the amounts that we use
they can also be expected to have the same type of activity upon
the metabolic processes of the tissues of the body.

Cotzias Thatwas demonstrated by Dr. Umbreit (70) with mito-
chondra, using a number of systems that I cannot recall If the
mitochondria were intact, there was no inhibition or interference
on addition of streptomycm. If the mitochondria were mjured,
there was some mterference. The evidence was quite striking It
was apparently a phenomenon of lack of diffusion of the agent into
the enzyme systems No difference between the mitochondria and
bacteria was shown, other than 1 permeability

Fine There 1s the question of what 1s an effective drug. Chlor-
amphemcol produces a survival rate of 42 per cent at 36 hours
Is that a positive result? I would prefer to say that it 1s at least
doubtful.

Shorr 1 suspect that your 36-hour survival period relates directly
to the shock episode and that you may be losing a valuable clue
if you do not take that as indicative of a positive beneficial effect
from the mactivated antibiotic.

Fine Well, 1T don’t deny that it may be a positive beneficial
effect As I said before, mactivated Aureomycin 1s not totally
mactive It 1s as mactive an we can make 1t, and I do not know
what the mimimal effective dose of the active drug 1s Clinically,
we give a patient one gram of Aureomycin a day to prevent or to
cure an ordinary mfection I heard the other day from Schwachman
that a long term therapeutic effect m children with chromec infec-
tion can be obtamned with much smaller doses Half a gram 1s as
effective as two grams, so far as he can tell If so, perhaps a tenth
of a gram would be as beneficial as two grams.
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Fine: 1 do not know I am not willing to say that 1t 1s. It may
be a question of the sensitivity of a bacterial flora that we cannot
identify In our experience, chloramphenicol is not as effective as
Aureomycin 1n surgical infections It depresses the bone marrow.
I do not know what that has to do with 1t, either. I prefer to let
the mterpretation come from further studies with more antibiotics
or let it stand until somebody can demonstrate that these drugs
have some effect other than an antibacterial action.

Fremont-Smith. It seems to me perfectly evident that you cannot
decide by argument whether or not this 1s an antibacterial action
There 1s an action, there 1s no question about that. The survival
rates are dramatic, and whether you interpret it one way or the
other seems to me to be largely a matter of personal inclination,
1t cannot be determined m any way by the evidence at hand How-
ever, 1t ought be quite worth-while to spend some time deciding
what would be a critical experiment to do at this pomt or what
series of experiments mught bring a critical understanding.

Fine. It 1s surprnising that more work has not been done on the
action of these compounds apart from their antibacterial action All
we have 1s the observation on the growth factor in the mash fed to
pigs But that is a long-term effect.

Nelson: It 1s well-known now that Aureomycin has a direct
plague antitoxin activity (67).

Nickerson: We really do not have to go much further than Dr
Fme’s experiments I think he has demonstrated a rather clearcut
pharmacologic action of Aureomycin after its antibacterial activity
has been destroyed (68,69) *

Fine It 1s almost inactivated, but not entirely We do not really
know what the mmimum therapeutic dose of an antibiotic is.

Nickerson. If this material 1s 001 per cent active, the amount
of active Aureomycin given would be 50 micrograms. This could
hardly protect the animals

Fine. Remember that this mactivation 1s measured in terms of
an in vitro bioassay, which is a pretty crude method I should just
like to repeat that for us the test of survival was permanent sur-
vival, and m this respect if mactivated Aureomycimn 1s compared
with activated Aureomycn, there 1s a tremendous difference. That
has to be borne 1 mind

vn to alter oxidattve phosphorylation markedly in both liver
*Amﬁ%mymzslsiehlﬁxls quite possible_that the antishock properties of this antibiotic
andduetzgyﬂus or some similar metabolic action completely unrelated to bacteriostasis
are
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Fine I am asking too much, as a matter of fact What I am
chiefly concerned with 1s the general question of whether the action
of the antibiotic is related to the development of ureversibility
While I am lost mn trying to answer the question of how the anti-
biotics act, the data as a whole nevertheless demonstrate that anti-
biotics do have some relation to wreversibility That 1s the mam
pomt, and, I think, the most impoitant pont, to get out of these
data

von Euler T should like to ask whethe: theie 15 any explanation
of the fact that the treatment with Awieomycimn n the portal vein
concurrent therapy, gives a permanent survival of 65 per cent, and
that with neomycin 1 the portal vemn concurrent therapy only 16
per cent (Table II, 1A 1 and 3g ) Is that due to any different
action m prmaiple, or could it have anything to do with some
different action 1m Aureomycin?

Fine “Concurrent” means beginning the delivery of the anti-
biotic after shock has already been induced This usually does not
provide a sufficient concentration at the site of action because
capllary circulation 1s defictent The result with Aureomycin 1s
certainly better This 1s the only mstance of a good result with
concurrent therapy This fact 1s of importance in deciding the
question of antibacterial versus nonantibacterial action of the anti-
biotic If a nonbacteral action 1s the explanation, the results should
be at least as good, when the drug 1s given by a systemic vem,
as 1t 1s by the portal vemn or the gut Indeed, one might expect a
better result, smce the hver usually mactivates drugs

von Euler That 1s why I just wondered whether 1t had anything
to do with some unspecific, or, as Dr Nickerson said, pharmacologic
action

Burton Dr Fne, I think last year you told us about an expern-
ment m which you excluded the intestines from the circulation 1
was very much struck by that Has that been confirmed by further
experiments?

Fine 1 have something further to say about that We took out
the intestines m varous ways, and durnng the early experiments,
observed that the animal could tolerate the hypotensive period for
a longer period of ttme As we kept on repeating the experiment,
trymng to get a good preparation, we found that we could not avoid
the development of peritomts, and so we gave up the idea of
getting a preparation of an animal without the gut Thmking that
we would try to get nd of the bacteria in the intestme 1 another
way, we exterionized the esophagus 1n the neck, divided it, and fed
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I think perhaps the thing to do 1s to try to uncover some kind
of pharmacologic action of these drugs. That 1s not my field. I
should like to see somebody else do 1t

Nickerson: These expermments should provide an answer One
would not necessanly expect to find, say, a sympathetic blocking
action or a cardiac action The pharmacologic action which 1s
mdicated 1s protection agamst shock

Fine. How do we first get nid of the antibacterial action com-
pletely? I do not know how to do that

Nickerson That may be an extremely difficult thing to do if
you are down to 001 per cent.

Fine The reduced activity was from 001 to 00001 per cent of
the active material by bioassay in vitro This is very rough.

Nickerson. About the only way to get much lower than 001 per
cent 1s to ash the matenal, which destroys everything

Fine That doesn’t do anything

Nickerson- Perhaps the way to get around this problem 1s to
compare the action of a gram of Aureomycin that has been -
activated with the equivalent antibacterial activity of active Aureo-
mycin That 1s, compare one gram of mactivated Aureomycm with
100 micrograms of the active matenal and see if they are com-
parable

Fine. They are not One hundred micrograms did not seem to be
good enough

Nickerson That would be very much more antibacterial activity
than you would have in even your most poorly mactivated prep-
aration

Stead. By “not good enough,” do you mean 1t had no effect at all?

Fine No, I do not mean that We did not get what we could
call a distinctly beneficial action

Stead. If the survival rate in the treated animals was sigmficantly
greater than mn the controls, one cannot say that the behavior of
the controls and the treated amimals was the same

Fine. Yes, 1t 1s true that the figures 1 the control series were
very consistent

Stead Did you have any survivals above 30 per cent in any con-
trol group of 24 ammals?

Fie: Controls, no

Shorr. You feel that with so little vamation in the control series,
Dr Fine may be disregarding clues by asking too much from his
therapeutic series®

Stead- That 1s standard deviation.
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Fine 1 am asking too much, as a matter of fact What I am
cluefly concerned with is the general question of whether the action
of the antibiotic 1s related to the development of mreversibility
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biotics act, the data as a whole nevertheless demonstrate that anti-
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von Euler I should like to ask whether theie is any explanation
of the fact that the hieatment with Ameomyecin in the portal vem
concurrent therapy, gives a permanent survival of 65 per cent, and
that with neomycin 1 the portal vem concurrent therapy only 16
per cent (Table II, 1A i and 3g ) Is that due to any different
action m prmciple, o1 could 1t have anything to do with some
different action 1n Aureomycin?

Fine “Concurrent” means beginning the delvery of the anti-
biotic after shock has already been induced This usually does not
provide a sufficient concentration at the site of action because
capdlary arculation is deficient. The result with Aureomycin 1s
certainly better This is the only instance of a good result with
concurrent therapy This fact 1s of importance m deciding the
question of antibacterial versus nonantibactenial action of the anti-
biotic If a nonbacterial action 1s the explanation, the results should
be at least as good, when the drug 1s given by a systemic vemn,
as 1t 1s by the portal vemn or the gut. Indeed, one mght expect a
better result, since the liver usually mactivates drugs

von Euler. That 1s why I just wondered whether 1t had anything
to do with some unspeaific, or, as Dr. Nickerson said, pharmacologic
action

Burton Dr Fme, I think last year you told us about an expen-
ment 1n which you excluded the intestines from the circulation 1
was very much struck by that Has that been confirmed by further
experiments?

Fine 1 have something further to say about that. We took out
the intestines m various ways, and during the early expermments,
observed that the animal could tolerate the hypotensive period for
a longer period of time As we kept on repeating the experiment,
trymg to get a good preparation, we found that we could not avoid
the development of pentomtis, and so we gave up the idea of
getting a preparation of an ammal without the gut Thinkmg that
we would try to get nid of the bacteria m the mtestine n another
way, we exterionzed the esophagus m the neck, divided 1t, and fed



138 Shock and Circulatory Homeostasis

I think perhaps the thng to do is to try to uncover some kind
of pharmacologic action of these drugs That 1s not my field I
should like to see somebody else do it.

Nickerson. These expermments should provide an answer. One
would not necessarily expect to find, say, a sympathetic blocking
action or a cardiac action The pharmacologic action which 1s
indicated 1s protection agamst shock

Fine How do we first get rid of the antibacterial action com-
pletely? I do not know how to do that

Nickerson That may be an extremely difficult thing to do if
you are down to 0.01 per cent.

Fine- The reduced activity was from .001 to .00001 per cent of
the active matenal by bioassay in vitro This 1s very rough

Nickerson About the only way to get much lower than 0.01 per
cent 1s to ash the matenal, which destroys everything

Fine That doesn’t do anything

Nickerson. Perhaps the way to get around this problem 1s to
compare the action of a gram of Aureomycmn that has been in-
activated with the equivalent antibactenal activity of active Aureo-
mycin That 1s, compare one gram of mactivated Aureomycin with
100 micrograms of the active material and see if they are com-
parable

Fine. They are not One hundred micrograms did not seem to be
good enough

Nickerson. That would be very much more antibacterial activity
than you would have m even your most poorly mactivated prep-
aration

Stead: By “not good enough,” do you mean 1t had no effect at all?

Fine. No, I do not mean that We did not get what we could
call a distinctly beneficial action.

Stead If the survival rate mn the treated ammals was sigmficantly
greater than m the controls, one cannot say that the behavior of
the controls and the treated animals was the same

Fine: Yes, 1t 1s true that the figures i the control series were
very consistent

Stead Did you have any survivals above 30 per cent in any con-
trol group of 24 animals?

Fine: Controls, no

Shorr+ You feel that with so Iittle variation m the control serics,
Dr Fine may be disregarding clues by asking too much from his
therapeutic series? .

Stead. That 1s standard deviation
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analysis of shock, and the other is the reahzation that ultimately
all efforts toward handhng shock have got to be directed towards
taking care of people. You have made a distinction between 36-hour
survivals and animals that lasted totally. For the purpose of analyz-
mg the data, you may want to emphasize that difference For the
purpose of planning therapeutic regimes, will it be possible to go
on from here and add, perhaps, one or two more things and save
these animals?

Fine: For one thing, antibiotic therapy in the recovery period can
be continued to see whether the antibiotics, as we have given them,
mhibit bacteria sufficiently to allow recovery from shock, but not
enough to prevent the activated bacteria from reasserting ther
pathogemcity, so that they may kill later while the defenses of the
dog are stll weak Survival beyond 36 hours may be a matter of
balance between persisting pathogenicity, the degree of natural
defense, and residual antibiotic activity.*

Knisely. It might be possible, from these data, to assist in
therapeutic regimes that work, even though you do not understand
exactly what you are doing

Fine: There are instances in mulitary, as well as 1 civilian medi-
cine, of shock states not in the least benefited by blood volume
therapy, but which are cured as a result of antibiotic therapy Such
observations need to be multiplied. If an antibiotic can reverse
otherwise fatal shock, I do not care whether its action is antibac-
terial or nonantibacterial.

Shorr 1 think perhaps Dr Haist could add something pertinent
to this discussion

Haist We were stimulated by Dr Fime’s report at this Conference
last year, and felt that if mfection, or mfective products, were
fundamental to the development of mreversibility, 1t should be
possible to show the effectiveness of Aureomycin pretreatment
other species, and also with other shocking procedures which are
lethal Therefore, we tried a clamping procedure n the rat

One difference between the rat and the dog 1s that the rat’s
tissues do not normally contain a lot of bactena, especially anaerobic
bactena, whereas the dog’s tissues do We attempted to culture
bacteria from the anoxic legs of rats, kept anoxic for periods of
from 5 hours to 12 hours, and were unsuccessful It seemed to us
that the infective factor in the rats shocked by this procedure was
not great We tried to determine, 1 the rat, the effect of Aureomycin
pretreatment The rat was given 50 mg Aureomycin HCI per 250

*This work 15 now 1 progress my laboratory



140 Shock and Circulatory Homeostasis

the animal for a while through the distal opening When the ammal
was stabilized, we gave 1t some antibiotic through the distal end
and then shut 1t off During the followmg 36 hours, we kept the
animal on fluids intravenously. When his weight and apparent health
seemed as good as 1t was at the start, we put him through hemor-
rhagic shock, which proceeded to irreversibility and death as m
control animals. Swab cultures of the gut were sterile. Even though
such sterile cultures don’t prove that we got rid of bacteria from
the intestine, because we made cultures from swabs mstead of from
biopsies, we are mclmed to believe that mvasion from the mtestine
during the shock state 1s not an essential feature of the development
of irreversibility. If intestinal bacteria are already present in the
tissues, they are probably more mmportant. In that case, 1t 1s not
necessary to supermmpose the load that additional invasion from
the gut would create. But we can’t hold to this conclusion defini-
tively until we repeat these experiments with biopsy instead of
swab cultures

Green. There is a clinical impression that Chloromycetin may
cause 2 hypotensive reaction I wonder whether that is one of the
things that reduced the apparent effectiveness of Chloromycetin.
Could you give us some data as to the variabihity of survival of
your controls at different seasons of the year?

Fine: They are surprisingly umform throughout the year. The
figure is almost the same m every group from one month to the next.

Engel Have you done any experiments on anmimals treated with
cortisone?

Fine. Yes, we reported those a long time ago Cortisone does
not do these ammals any good, mtravenously or otherwise. Neither
does ACTH.

Engel. Theoretically, it should do them harm

Fine: Perhaps it did, I don’t know. But it did not make any
difference m the survival.

Engel. It should mcrease the rate of mvasion by bacteria in rats
and mice, which ordinarily do not have bacteria. There 1s a tre-
mendous invasion of bacteria after cortisone

Cotzias: But these bacteria do not bother the animals, do they?

Engel. Yes, they certainly do Rats given Jarge doses of cortisone
for various periods of time are perfectly happy untl the pomt of
bacteral mvasion, but then they die at a rapid rate, with lung
abscesses and all sorts of infections.

Knisely Two major considerations arise in connection with these
experments One 1 the question of what these things mean in an
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analysis of shock, and the other 1s the reahzation that ultimately
all efforts toward handling shock have got to be directed towards
taking care of people You have made a distinction between 36-hour
survivals and animals that lasted totally. For the purpose of analyz-
mg the data, you may want to emphasize that difference. For the
purpose of planning therapeutic regimes, will it be possible to go
on from here and add, perhaps, one or two more things and save
these animals?

Fine. For one thing, antibiotic therapy in the recovery period can
be continued to see whether the antibiotics, as we have given them,
mhibit bacteria sufficiently to allow recovery from shock, but not
enough to prevent the activated bactenia from reasserting their
pathogemicity, so that they may kill later while the defenses of the
dog are still weak Survival beyond 36 hours may be a matter of
balance between persisting pathogenicity, the degree of natural
defense, and residual antibiotic activity.*

Knisely. 1t might be possible, from these data, to assist in
therapeutic regimes that work, even though you do not understand
exactly what you are doing

Fine There are instances in military, as well as in civilian medi-
cne, of shock states not in the least benefited by blood volume
therapy, but which are cured as a result of antibiotic therapy. Such
observations need to be multiplied If an antibiotic can reverse
otherwise fatal shock, I do not care whether its action 1s antibac-
terial or nonantibacterial

Shorr- I think perhaps Dr Haist could add something pertinent
to this discussion.

Haist We were simulated by Dr Fine’s report at this Conference
last year, and felt that if infection, or mfective products, were
fundamental to the development of wreversibility, it should be
possible to show the effectiveness of Aureomycm pretreatment in
other species, and also with other shocking procedures which are
lethal Therefore, we tried a clamping procedure n the rat

One difference between the rat and the dog is that the rat’s
tissues do not normally contain a lot of bactera, especially anaerobic
bacteria, whereas the dog’s tissues do. We attempted to culture
bacteria from the anomc legs of rats, kept anoxic for periods of
from 5 hours to 12 hours, and were unsuccessful It seemed to us
that the mfective factor in the rats shocked by this procedure was
not great We tried to determine, in the rat, the effect of Aureomycin
pretreatment The rat was given 50 mg Aureomycm HCI per 250

*This work 15 now m progress mn my laboratory
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gm daly for 6 days by stomach tube, and a priming dose of 100
mg per 250 gm. was administered 15 minutes prior to the clamp
release This Aureomycin pretreatment did not appreciably affect
survival time 1n the rats shocked by a clampmg procedure If
anything, mm some of the rats, the survival time was shortened.
Nor did 1t affect the ultimate survival of the rats This was true
whether they were clamped for 5-hour periods, or for 12-hour
periods.

These results made us feel that one should be careful mn inter-
pretation of the results of Aureomycin pretreatment I suggest
that 1t mught be possible to distinguish between the metabolc
effects of Aureomycin and the antibacterial effects by i1epeating
some of Dr Fine’s experiments mn the rat

Fine. The fact that the Ameomycin did not do the rat any good
might argue, for one thing, that Ameomycin m dogs does not act
by exerting a pharmacologic action If Aureomycin succeeds only
when shock 1s due to bacterial action, one would not expect 1t to
do anything for the rat mn shock, since there are no bacteria mn
its tissues

Our data on the bacteria 1n the rat are the same as Dr. Haist’s,
m fact, we have gone on, as a result of this observation, to make
a study of the normal incidence of bacteria mn the tissues of many
species The rabbit 1s mtermediate between the dog and the rat.
The hamster shows the same data as the rat The guinea pig shows
a low mcidence of bacteria

The death m Dr Haist’s animals has to be explamed Why did
they die? If they didn’t die of bacterial action, what did they die
from? He told me last night that he treated these animals with flud

Haist. Not these particular animals, this 1s an entirely different
series

Fine Then these ammmals, of course, died of flud volume de-
ficiency But you did have other animals not treated with Aureo-
mycm, which were treated with flmd volume therapy

Haist Fluid therapy with dextran, or PVP ( Polyvinylpyrrolhdone)
mcreased the survival of rats shocked by this procedure to 50 per
cent, whereas 90 per cent of the untreated rats, without any fluid
therapy and with the 5 hour clampmg period, died Incidentally,
pretreatment with 20 mg Dibenamine 20 hours prior to clamp
release dramatically mmproved survival

Shorr+ I think Dr Remington will be pleased to hear that

We are, mm this situation, resorting to comparative biology We
have a dog whose tissues are mnfected, protected with antibiotics,
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and a rat whose tissues ai1e not infected, unprotected by antibiotics.

Burton. May 1 ask a question? I wasn't clear whether Dr. Hast
was studying the same thing Were you studying irreversibility
even when you give transfusion, or were you just studying death
due to the shock from clampmg? Dr Fine, 1t seems to me, 1s study-
mg the effect of these antibiotics upon the ureversibility to trans-
fusion

Fine. Right.

Burton: It seems to me you were not You were not retransfusing
these amimals at all, were you?

Haist- No, we were not If transfusion was done after a period
of hours, 1t was likely to be meffective It 1s necessary to transfuse
farrly soon after the time of clamp release in order to have the
transfusion effective.

Burton. You didn’t see whether the antibiotic had any effect
upon the retransfusion recovery?

Haist No, it is quite a different procedure, more drastic, I beleve,
and that 1s why I say that i order to determune whether the effect
of the Aureomycin in Dr Fine’s type of experiment 1s due to the
antibacterial effect, or the pharmacologic effect, his experiment
should be repeated 1n the rat or in some other ammal that has tissues
relatively free from bacteria I do not claim that thisis a repetition
of his experment, but I do feel that if an mfective factor 1s funda-
mental to ureversibility, then the Aureomycin pretreatment should
prevent death, or at least prolong survival, regardless of how the
shock was produced

Fine I would disagree wath that.

Shorr Do you mean that you would not expect the development
of the shock syndrome to take the same course m the rat and the
dog, smce there are no bacteral flora 1n the rat’s tissues?

Fine The development of the shock syndrome may, up to the
time of transfusion, be precisely the same In both istances, there
1s a flmd volume deficiency The question 1s whether the rat is
going to respond to fluud volume therapy alone If 1t 1s, then 1t 1s
a rat which 1s simply suffering fluid volume deficiency If it 1s not
gomg to respond to adequate flud volume therapy, then the ques-
tion 15, why not? But before asking this, we might determine
whether Dr Haist’s 50 per cent survival rate does not suggest that
his flud volume therapy was not always adequate to cover the
defiait If the deficit 1s not covered, no amount of Aureomycm will
help, whether there are bacteria in the rat’s tissues or not
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Zweifach: The question remains as to the cause of death 1 rats
subjected to hemorrhage in which a bactenal factor, ongimating m
the gut, would seem to be ruled out

Fine. Is 1t exactly the same?

Zweifach. 1 do not think that 1t 1s essential for the shock pro-
cedure m the rat and m the dog to be identical in every detail.
So far as one can ascertain by any of the physiologic or biochemical
criteria which have been used to study the syndrome, the sequence
of events 1s basically similar m the rat and n the dog

Fie. Then the question 1s whether a rat can be a vichm of
mvading bacteria from the gut or the pharynx during the shock
phase. That is a question that needs to be studied

Shorr. Perhaps I could rephrase it this way. that due to the
absence of bacteria in the tissues m the rat, one should expect no
beneficial mfluence of antibiotics in the rat

Fine. Unless bacterial invasion occurs, say from the gut, and 1t
can be shown that the mreversibility to transfusion can be made
reversible by an antibiotic Ths is, in fact, one of the things on
our protocol

Eprror’s NoTE:

Dr Fine reports that since the Conference his laboratory has found
mn some preliminary experiments in rats that Aureomycin given orally
a dose of 150 mg per Kg body weight prevents the development of
wreversibility in hemorrhagic shock Bactena-free tissues, therefore, do

not exclude the possibility of bactenal invasion during shock from the
gut or elsewhere

Shorr. If, however, a bacteria-free animal were actually protected
from an otherwise lethal shock by the administration of an anti-
biotic, wouldn’t that suggest that the antibiotic was exercising a
biochemical rather than an antibactenal effect?

Fine. 1 think I should like to have you ask 1t over agam because
I am not sure of the conditions you are putting

Shorr We are trying to see if we can reason out the mechanism
by which these antibiotics influence the course of shock m the dog
There are two possibilities (@) as an antibiotic, because the dog’s
tissues are full of bacteria, and (b) as an agent which influences
the behawvior of tissues, in a pharmacological or biochemical man-
ner, so as to favor recovery This would have a concurrent effect
upon the tissues of the organism; 1t might be similar to, or somewhat
different from the action which 1t exerts upon bacteria

Dr. Baez, would you tell us about some of the experiments on
drum shock 1 the rat, an animal with a bacteria-free hver, and the

effect of antibiotics on it?
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Baez. A small series of rats was given Aureomycin 100 mg daily,
mn two doses mormmng and evening starting four days before the
experimental run. In addition, they received a solution of 100 mg,
of Aureomycin mn tapwater, by stomach tube, 40 to 50 minutes
before drumming. After 700 rotations in the drum 87 per cent sur-
vived as compared with 37 per cent in the untreated controls.

Shorr: In other words, antibiotics mm the rat with a supposedly
bacteria-free liver doubled the recovery rate following exposure
to drum shock.

Fine. What happened to the intestinal flora?

Engel. Did you have cultures on these particular rats? I am not
convinced that everybody’s rats are bacteria-free

Shorr. No, we did not have cultures

Fine. Was the last dose of Aureomycin given 1n solution?

Baez Yes. The other was given 1 drinking water.

Fine. That only raises the question agamm whether there 1s any
advantage m possibly mhibiting the vasion of bacteria m the
rat during the shock procedure, but we also need further informa-
tion about ths.

Shorr: If your observations, and Dr. Haist’s, on the absence of
significant bactenal flora in the rat hold for the particular rat stramn
we used, then protection was apparently conferred by an antibiotic:
not by virtue of what it did to the bacterial flora, but by virtue of
its effect on body metabohsm, if I may put 1t in that broad way

Engel Did your control rats get something by stomach tube
before you drummed them?

Baez They were given tap water.

_Stead. 1 think 1t would be of interest to see just what happens
to mtestinal permeabiity during drumming For example, suppose
you gave these rats a large dose of a dye that 1s usually not absorbed
and then you drummed them, would you find that dye through
the body, or not?

Nickerson But they would change equally m Dr Haist’s experi-
ment as the circulation failed.

Fine. Dr Nelson has data on the effect of drummmg on per-
meabihty

Nelson 1t seems to me 1t 1s important that Dr. Haist referred to
the sterile imb tissue of the body rather than to the gastromntestinal
tract, which 1s not stenle 1 the rat, as far as I know. This would

suggest a gastromtestinal site rather than a muscle site of antibiotic
protection in the rat.
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Zweifach: The question remains as to the cause of death m rats
subjected to hemorrhage i which a bactenal factor, origmmating n
the gut, would seem to be ruled out

Fine. Is 1t exactly the same?

Zweifach. 1 do not think that 1t 1s essential for the shock pro-
cedure in the rat and m the dog to be identical in every detail.
So far as one can ascertain by any of the physiologic or biochemical
criteria which have been used to study the syndrome, the sequence
of events 1s basically similar 1n the rat and in the dog

Fine: Then the question 1s whether a rat can be a victm of
mvadmg bacteria from the gut or the pharynx during the shock
phase. That 1s a question that needs to be studied.

Shorr: Perhaps I could rephrase it this way: that due to the
absence of bacteria in the tissues m the rat, one should expect no
beneficial mfluence of antibiotics in the rat

Fine Unless bacterial invasion occurs, say from the gut, and 1t
can be shown that the ureversibihty to transfusion can be made
reversible by an antibiotic. This is, in fact, one of the thmgs on
our protocol

Eprror’s NoTE:

Dr Fine reports that since the Conference his laboratory has found
m some preliminary experiments 1n rats that Aureomycin given orally
a dose of 150 mg per Kg body weight prevents the development of
ureversibility in hemorrhagic shock Bactena-free tissues, therefore, do

not exclude the possibility of bacterial invasion during shock from the
gut or elsewhere.

Shorr. If, however, a bactena-free animal were actually protected
from an otherwise lethal shock by the admimstration of an anti-
biotic, wouldn’t that suggest that the antibiotic was exercisimng a
biochemical rather than an antibactenal effect?

Fine. I think I should ke to have you ask 1t over again because
I am not sure of the conditions you are putting

Shorr We are trying to see if we can reason out the mechanism
by which these antibiotics influence the course of shock mn the dog.
There are two possibilihes (@) as an antibiotic, because the dog’s
tissues are full of bacteria; and (b) as an agent which influences
the behavior of tissues, 1n a pharmacological or biochemical man-
ner, so as to favor recovery This would have a concurrent effect
upon the tissues of the organism; 1t might be simular to, or somewhat
different from the action which it exerts upon bacterna.

Dr Baez, would you tell us about some of the experiments on
Jdrum shock m the rat, an animal with a bacteria-free hiver, and the

effect of antibiotics on 1t?
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Fine. If they have taken back 40 per cent, they are aheady losing
compensation

Shorr That 1s rght, but suppose you made 1t 50 or 55?

Fine Then they would be irreversible.

Shorr To anything, and as Dr Haist pomts out, the degree of
shock 1s far more severe.

Haist On the other hand, 1t 1s possible to reverse this type of
shock by reclampmg the hmbs rather late in the course of the
development of shock

Shorr That 1s because you interfere with the progressive char-
acter of the deficiency As long as fluid continues to sequestrate mn
that limb, the progressive reduction 1 blood volume continues.

Remington. Have you followed the blood picture? Isn't the
greatest part of the fluid loss accomplished m the fist half-hour
after the cuculation 1s re-established?

Haist In measurements of the hmb swelling in rats clamped
for 12 hours, the swelling went up gradually and reached a peak
between one and two hours The swelling was complete within two
hours so far as om limb volume measurements were concerned
Unfortunately, I do not have these data for the rats clamped for
five hours

Shorr Did you measure grom swelling?

Haist We measured up to the grom, but that was all If they
were reclamped at two hours, a lugh percentage of the amimals
survived While some leakage of fluud mmght still be occurring,
normally these rats would die m about three hours and 20 minutes

Shorr 1 am constantly struck with the fact that at a precarous
level of the circulation a relatively small amount of additional fluud
loss 1s critical

Fine That is rnight

Nickerson' There is still the possibihity of matenal contmumng
to pass into the general circulation from tissue which must be essen-
tially dead after twelve hours of clamping This 1s certamly a con-
tinuing stress,

Stead 1 should like to ask whether the amimals change any m
the way they breathe Were they anesthetized or not?

Haist These ammals were not anesthetized

Stead 1 have always been mterested m what happens in the
general reactivity of the amimals A dog with a tormquet on moves
around and 1s quite wrnitable, but immediately after the tourmquet
1s taken off, 1ts respiration slumps and 1t 1s quite a different animal
I have never reclamped these animals, but I would assume that



146 Shock and Circulatory Homeostasis

Shoir We subjected our resistant rats to the same degree of
hemorrhagic hypotension and presumably the same type of intes-
tinal anoxia as our control rats (71) Why should they have
recovered when exposed to the same type of intestinal bacteral
flora?

Burton. Do you know that they have the same type of intes-
tinal anoxia?

Shor1 Yes, we reduced the blood pressure to 35 mm Hg and
mamtained 1t there for two hours We assume they were hypoxic
because they produced ferritin, and the blood vessels that are con-
cerned with the liver are also the ones which piovide the flow
to the gut

Burton. I thought Dr Zweifach this morning was telling us that
when he watched the mesenteric flow, 1t was quite different mn
these resistant rats from the others

Shorr. I beheve that he was describing Dibenzyhne-treated rats

Burton 1 thought 1t was also said about the resistant rats

Shorr Yes, following rotation 1n the drum the mesenteric circula-
tion of resistant rats 1s better mamntamed than in untramed rats
However, what I was referring to here was an expermment m which
a rat which had been made resistant to drum shock was subjected
at first to moderate hemorrhagic hypotension and then to a period
of two hours at 35 mm Hg That 1s a situation, I beheve, which
makes for an impairment of the mtegnity of the mucosa and should
favor bacterial entrance

Fine 1 should think that you might repeat that drum shock
experiment with mactivated Aureomycin

Shorr I think that 1s an excellent suggestion All I mean to
mdicate 1s that the possibilities are still very real that we may have
a specific tissue reaction rather than an antibacterial one

Fine Haist’s experiments wouldn’t support that 1dea, would they?

Haist One difference between our procedure and yours 1s that
ours 1s more drastic, and yours can be more readily graded

Shorr. That 1s right

Would you feel that if the uptake were continued for a couple
of hours longer, a far lower survival rate would be obtammed?

Fine The blood pressure can’t be pushed below thirty The dogs
won't take it

Shorr Or, f you continued 1t for two more hours, that 1s, if you
changed the conditions of your experiment and had a per cent

uptake of 50 or 55
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kept the pressure there for five hours, unless the amimal succumbed
sooner. At hour imtervals we sampled the arterial blood for toxin
assay, which was done by injecting 1 ml of dog blood mto the
perttoneal cavity of mice. As you know, mice are particularly sensi-
tive to botulinus toxin, while dogs are relatively resistant to the
toxin Another reason that led us to choose this particular toxin

for the tracer was the fact that it has a large molecular weight,
about 900,000
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Figure 22 shows the composite results of the mouse mortality
each imected with one ml of dog blood. The mortality rate with
blood from the control dogs was, first of all, 24 dead out of 105
mice 1njected, or 229 per cent, with blood from dogs later to be
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the arterial oxygen concentration mught drop quite low during this
period of lethargy. Do these ammals come back up 1n their breath-
ing when they are reclamped?

Haist: Dogs with cufls left on for six hours, and then removed,
showed a fall in blood pressure which continued along for some
time at a low level without too sharp a progressive drop. If at that
time narrow band tourniquets were reapplied high on the legs,
there was a rather rapid restoration of blood pressure The tongue,
formerly cyanosed, became pink rather rapidly, too

Stead: Do they breathe differently and act differently? In our
experience, before the tourniquet 1s taken off, the amimal 1s moan-
mg and groaning As the tourmquet 1s released, the dog becomes
quiet and 1ts breathing changes. I wonder whether, associated with
reapplication, sttmuli through the nervous system affected its breath-
g, color, and general level of activity

Haist The fact that the reclamping or reapplication of a tourn:-
quet is a strong stimulus, 1s probably of importance and may be
one of the factors mvolved in the restoration of blood pressure.

Shorr Am I wrong mn believing that this is the expermment which
led Cannon to postulate a toxic substance in shock?

Haist In essence, you are right

Shorr Dr Nelson, do you have something to contribute to this?

Nelson: Talking about toxic substances in shock is apt to lead
one into a precarious position Dr Stead alluded to something
which captured our interest about two and a half years ago when
we observed that gram-negative bactena produced shock and death
in experimental animals, giving a rather characteristic metabolic
pattern, the same as Dr Engel pointed out this morning In the
last year, we have learned only too pamfully that the same thing
occurs in humans if they get gram-negative bacteria 1 blood trans-
fusions (72). With the knowledge that gram-negative bacterial
products, presumably the endotoxins, have a deleterious effect on
the capillanes, we were anxious to know whether or not in shock
there was any difference 1 concentration of a bacteral toxmn which
was ongmally present m the mtestine We performed an experiment
using botulmus toxin as the tracer matenal, putting it into the
stomach of a dog by gavage and allowing two-and-a-half to three
hours for the mixture to enter the distal small bowel and colon.
Barum sulfate was added to the toxin so that localization of the
mixture could be documented by roentgenograms We then sub-
jected the dog to a sterile hemorrhagic shopk procedure somewhat
similar to Dr. Fme’s (73). We bled the animals to 40 mm. Hg and
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Figure 24 shows on an hourly basis, the mean mcrease of mice
dying as the result of the mjection of dog blood I am sorry the
standard error is not shown The one-hour difference shows an
overlap on the standard error, but at the two- to five-hour levels,
there 1s no overlap on the range Thus, we know that this 1s a
statistically significant mncrease i mouse mortality, We know that
the death of these mice was due to botulism because for each
sample of dog blood there were several mice, three to five m each
group, protected with botuhnus antitoxin, and of that group of
389 that were protected with antitoxin, there was only one death

Blood culture results from the mitial and final blood samples
as tabulated above The final control samples are from the jugular
vein, all others from the femoral artery

Table V1 1s of interest because we took blood cultures before and
after, just to correlate, if we could, any increase 1 bacteria while
we were getting this increase 1n toxin It shows that we found no
sigmificant difference 1n peripheral blood cultures for bacteria
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bled, there was a similar mortality To begm wath, blood levels of
toxin were comparable. The aggregates {or the one- to five-hour
analyses are tabulated on the right side of the figure In the control
group of dogs, the mortality rate was statistically similar, being 251
per cent of 835 mice mjected, whereas blood taken from animals
m shock produced a mortality rate of 595 per cent

Another way of analyzing the data, rather than by mortalty, 1s
the actual level of toxm m the blood as expressed m mouse MLD
(mmmum lethal dose) umts We analyzed the data in this man-
ner, comparing mortality rates with the mortality of mice given
mjections of known concentrations of toxin That 1s summarized m
Figure 23, showing the same four groupings
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Ficure 23 Concentration of toxin 1n dog blood as expressed m mouse MLD units
1s plotted for the 2 groups of dogs before and during the shock period

In the mitial samples taken three hours after this gavage, the
two groups of anmmals had 07 to 08 MLD botulinus toxin n their
blood. In the central group the level average was 0.9 MLD, but
in the shock group 1t was 3 2 MLD during the ensuing 1 to 5 hours

after hemorrhage
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the two groups. We had a shghtly higher incidence of positive
cultures 1n the control dogs n the final analysis. I might mention
that this sample was taken by a percutaneous jugular puncture,
which probably explamns the difference

There are only two conclusions which I would wish to draw from
these data. One 1s the fact that a blood culture of bacteria 1s not
a measure of the effect of bacterial orgamisms. It merely reveals
the presence of hving bacterial cells and not the effect of the
products of bactena, which apparently are the deleterious agents
mn nfection. The other conclusion 1s that a large molecular weight
bacterial toxin, mitally present m the intestine of the dog, 1s
present 1 higher concentration m the blood of dogs mn shock than
m control dogs not in shock Whether this mcrease in toxin 1s due
to mcreased gut permeability, or whether it 1s due to decreased
detoxification or decreased secretion by the kidneys, we cannot
infer from these data The important thing is that there 1s an
increase, and the mechamsm of its mcrease 1s of secondary but
tremendous importance

Obviously, the thing we should hke to know is not the effect
with botulinus toxin but with gram-negative toxins, which are
certainly toxic to capillaries At the time we did these experiments,
we didn’t feel that the techniques for measuring these toxins were
precise or sensitive, however, we are working to that end and hope
that we shall be able to answer the question specifically as to
whether or not gram-negative bacterial toxins achieve concentra-
tions significant enough to make any difference i animals, or in
humans, 1 shock

Shorr. Have you done any simmlar studies with animals pretreated
with Dibenamine?

Nelson No, but along that vemn, Penner (74) has reported that
pretreatment with adequate doses of ergotamine tartrate or tetra-
ethylammonium chloride prevented the appearance of the changes
m the intestines ordmanly produced by the mtravenous infusion
of B Shiga (Shigellae dysenteriae) toxin mto dogs That 1s the

only lead I have m answer to that question It certamly would be
Interesting to try

MECHANISM BY WHICH BACTERIA EXERT A
DELETERIOUS EFFECT ON THE CIRCULATION

Zwerfach In discussing the contributory role of nfection in
shock, what evidence 1s there concerning the mechanism by which
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the two groups. We had a shghtly higher incidence of positive
cultures 1n the control dogs mn the final analysis. I mmght mention
that this sample was taken by a percutaneous jugular puncture,
which probably explamns the difference.

There are only two conclusions which I would wish to draw from
these data. One is the fact that a blood culture of bacteria 1s not
a measure of the effect of bacterial orgamisms. It merely reveals
the presence of hving bacterial cells and not the effect of the
products of bacteria, which apparently are the deleterious agents
m mfection The other conclusion 1s that a large molecular weight
bacterial toxin, mmtially present m the imntestne of the dog, is
present m higher concentration m the blood of dogs m shock than
mn control dogs not i shock Whether this mcrease in toxin 1s due
to mcreased gut permeability, or whether it 1s due to decreased
detoxification or decreased secretion by the kidneys, we cannot
infer from these data. The important thing 1s that there is an
mcrease, and the mechanism of 1its mcrease 1s of secondary but
tremendous importance.

Obwviously, the thing we should like to know 1s not the effect
with botulinus toxin but with gram-negative toxins, which are
certamnly toxic to capillaries. At the time we did these experiments,
we didn’t feel that the techmiques for measuring these toxins were
precise or sensitive, however, we are working to that end and hope
that we shall be able to answer the question specifically as to
whether or not gram-negative bacterial toxins aclieve concentra-
tions sigmficant enough to make any difference in animals, or in
humans, i shock.

Shorr. Have you done any similar studies with animals pretreated
with Dibenamine?

Nelson: No, but along that vemn, Penner (74) has reported that
pretreatment with adequate doses of ergotamine tartrate or tetra-
ethylammonium chloride prevented the appearance of the changes
m the intestines ordinarily produced by the mtravenous mmfusion
of B Shiga (Shigellae dysenteriae) toxn mto dogs That 1s the

only lead I have m answer to that question It certamly would be
mteresting to try

MECHANISM BY WHICH BACTERIA EXERT A
DELETERIOUS EFFECT ON THE CIRCULATION

Zwetfach In discussing the contributory role of infection 1n
shock, what evidence 15 there concerning the mechanism by which
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bacterial toxins per se exert a deleterious effect on the circulatory
hemodynamics during shock?

Fine: Burrows’ review, Endotoxins contains a number of different
purified extiacts and bacterial antitoxins, which are described as
having a vascular toxic action (75,76).

Nelson' The conclusion 1s that gram-negative bacteria toxims
exert thewr toxic action by virtue of their effect on the capillaries.

Zweifach: T am not questioning the thesis that bacterial toxins
exert a deleterious effect on the peripheral blood vessels, especially
the capillaries My question was directed at the relation of these
agents to the particular type of vascular dysfunction observed
during the shock syndrome Most references mmdicate that bacterial
toxms produce capillary dilation and ncreased capillary perme-
abihity I am not certam that such effects have been shown to
occur 1n the terminal vascular bed of any organ during hemorrhagic
shock

Nelson. That 1s correct

Zweifach. Is there any evidence of a change in capillary perme-
abihity m urreversible hemorrhagic shock?

Nelson I don’t know that it changes capillary permeabihity
except that the diameter of the capillaries 1s mcreased The hema-
tocrit rises Presumably, there has been an extravasation of flud
m the interstices

Fine. I don’t know that Burrows said that there was an mcrease
m capillary permeability The various things that different toxins
can do include vascular damage, which 1s a piopeity common to
all of them I may be mustaken, but I don’t think he describes their
action on the vascular tree precisely m terms of capillary per-
meability

Nelson He uses vascular poison rather than permeabihty

Zweifach My pomt was raised in order to differentiate between
the direct vascular effects of bacterial toxins and those attributable
to a wide variety of indirect metabolic influences which such toxins
may have What 1s the relative importance of infection i imnfluenc-
mng the course of different types of chmical shock?

Stead. Infection would rate extremely high

Fine. Dr Churchill, referring to his military experence, said
there was a distinction between the results of fluud volume therapy
n wound shock and m hemorrhagic shock In the latter, the patient

got better with transfusion even 1if he had been hypotensive for as
long as 14 hours, whereas patients n wound shock did not always
show this 1esponse Too many of them died after they had appro-
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priate fluid volume therapy So here 1s a distmction which 1s vahd.
The mference that these patients who did not survive were septic
was not made by Dr Churchill. But they all had wounds, since
the condition 15 called “wound shock ” I raise the question whether
these men can be said not to have been septic stmply because
there were no overt signs of sepsis These wounded men might have
been succumbing to bacterial products without being able to pro-
duce constitutional or even local signs of sepsis

Zweifach. Aside from the usage of the terms “capillary dila-
tion” and “mcreased capillary permeabihty” — gross descriptive
terms at best — the hemodynamic implications of infection appar-
ently are not very well understood

Stead. I think all that can be said 1s that mmfection will produce
failure of the circulation, but the exact mechanism by which 1t does
so, as fa1 as I know, 1s unknown

Fiemont-Smith. In typhoid vaccine imjections i man, I have
seen the blood pressure go down to shock levels in the chill stage
Also 1n malaria, with the onset of acute infection, there 1s a conds-
tion which clhinically cannot be distinguished from shock except
that m addition to shock the patients have fever

Burch- There are a number of clinical examples which are labeled
“shock-like” syndromes, such as the Waterhouse-Friderichsen syn-
drome, ;n which there are metabolic disturbances and a dechne 1
blood pressure B botulmus infection with so-called “ptomaine
poisoning” 1s another example

Fremont-Smuth Fulmmating flu

Burch Surely Also acute meningitis

Zweifach What are the circulatory changes leading to the de-
velopment of a state of shock in these patients? Are they the same
as those observed following hemorrhage?

Burch' 1 do not know There 1s a rapid, thready pulse, a declme
n blood and pulse pressure, sweating, and so forth

Zweifach 1t 1s, of course, possible to produce a state of shock
by bactenal toxins alone Freedberg, et al (77), several years
ago studied the circulatory changes durmg shock produced by
Shiga endotoxmn I reported on observations m the omentum follow-
ng the admmistration of several different Clostridia toxins A state
of hypotension and circulatory collapse developed after several
hours, secondary to a diffuse change 1 vascular permeability and
a loss of flud from the arculatory tree mto the tssues Prior to
these changes, no alterations mn the functional status of the capillary
bed could be detected The sequence of vascular changes which
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ensued, after the vascular system started to lose fluud, was similar

m 1ts course to other types of circulatory faillure which had been
studied.

Fine: These toxins exhibit multiple effects. Von Heynimngen
describes three or four properties of these toxins Some increase
vascular permeability, and some do not. In the face of a mult-
plicity of deleterious effects, the organism does not respond to
flud volume therapy alone. We have seen hypotensive patients
with septic perttonitis who for all the world look like patients who
have simply lost a lot of blood, but they come right out mto a pmk,
dry state, with normal blood pressure after antibiotic therapy, with-
out transfusion

von Euler. It 1s well known that some smooth muscle 1s extremely
sensitive to toxins of various kinds I think every pharmacologist
has noted that For instance, a piece of rabbit’s mtestine taken
out half an hour or so after the death of the animal hardly responds
to anythmg It may very well happen that an 1solated piece of
fowl’s rectal caecum does not respond at all to epmephrine or
nor-epmephrine, if the tubing supplying the bath solution is not
thoroughly cleaned every day If smooth muscle, in general, 1s
extremely sensitive to toxims, that may very well be the case for
the vessels, too. They mught not respond to the normal vasoactive
substance

Knisely. I thmk Dr von Euler has touched on a considerable
vacaum m our knowledge we know that infection 1s bad for
people, we know that often they will die, but the biochemistry of
the mechanmism of that death 1s quite unknown to us

Burton. May I put m a plea, m our obvious 1gnorance about the
hemodynamics and changes m permeability, particularly m the
human, for making use of all the new methods of mvestigation as
they come out? It seems to me that a most attractive one, which
1s easily done, 1s the clearance of radioactive sodium, or other
radioachive 10ns or substances, by mjecting some smooth tissues
m order to see how quickly 1t disappears It 1s true that 1t 1s bemng
used to measure blood flow, but obviously the rate at which it
disappears 1s a combmation of the flow and the permeabihty proper-
ties It would seem to me that mn this problem of shock, particu-
larly m humans, we mght learn a great deal by applymg that

method
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DISTRIBUTION AND POSSIBLE
PHYSIOLOGIC FUNCTIONS OF
EPINEPHRINE AND NOR-EPINEPHRINE

U. S. von EULER

Department of Physiology
Faculty of Medicine, Karollnske Institutet
Stockholm, Sweden

TrE work I am going to speak about has not been concerned, to
a very great degree, directly with the problems of shock How-
ever, some of the things I shall report on may have an indirect
bearmg on that problem

We* have been mterested 1n the distribution of the sympathom-
metic amines nor-epmephrime and epinephrine i the body tissues
and organs, therr formation durmg various conditions, and the
function and differentiation between the different kinds of these
sympathommmetic substances To some extent, we have also had
our interest directed to thewr actions, but I know there will be
more competent reviewers of that particular field.

DISTRIBUTION OF EPINEPHRINE AND NOR-
EPINEPHRINE IN VARIOUS TISSUES

Table VII gives an 1dea of the amounts of the two chief sympa-
thomimetic amines which appear 1n different tissues (1) The
spleen 1s rather rich m nor-epimephrine, whereas in the other
organs the amounts are smaller In the heart, for instance, it 1s
only about one-third of that i the spleen In the hver, 1t 1s still
less, and m an organ such as the striated muscle, very low figures
are found

From the last column of Table VII, i1t can be seen that the
percentage of epmephrine mn terms of total catechols, that 1s to
say the sum of nor-epmephrine and epinephrine, varies quite a
lot In the spleen, 1t 1s generally low, ranging from zeio, or nearly

*] wish to extend my grateful appreciation to Dr E Ostlund, Mrs A Purkhold,
Miss S Hellner, Mrs U Hamberg, and Mrs I Orwén, whose skilful assistance has
contributed largely to many of the results referred to in this presentation For
financial aid, I am mdebted to the National Medical Research Council of Sweden,
the Rockefeller Foundation, and the Astra Ltd, Sddertalje

162



Epinephrine and Nor-epinephrine 163
TABLE VII
OrcaN (sheep) Nor-epinephrine Epinephrine Epinephrine %
ng./gram ug./gram
Spleen 3033 0-011 0-34
Parotid gland 05-22 003-019 5-14
Submaxllary gland 04-11 010-021 12-21
Heart 06-11 01-02 10-20
Kidney 04086 005-0 07 11
Liver 015-020 0007-0 011 4-7
Lung 00801 0 002-0.01 2.5-10
Striated muscle 0025 00013 5

zero, up to something around three or fowr per cent. In other
organs, such as the heart, the relative amount of epmephrme is
rather higher, at least 1n some animals That has been found not
only m our laboratory by Dr Goodall (2), but it has also been
confirmed by others (3), and I think 1t 1s probably a finding of
some significance In the parotid and the submaxillary gland, the
epmephrine figures are relatively hgh

There was one organ in which no nor-epmephrine was found
at all, and no epmephnne erther, and that was the placenta Since
1t 15 well-kmown that the placenta completely lacks nerves, the
inference was that the presence of nerves had somethmg to do
with the amount of the sympathormmetic amines That led us
to look at the contents of the nerve trunks themselves Work of
this kind had been done earher by Cannon and Lissik (4), who
found what they thought was epmephrine in sympathetic nerves

Table VIII shows the content of I-nor-epinephrine 1 various
nerve structures (1) The bram* and spimal cord, contain rela-
tively small amounts of nor-epmephrine. The same 1s the case for
several nerve trunks, such as the vagus, the phrenic, the saphenous,
the cervical sympathetic, and the superior cervical ganghon. In
the other nerve trunks, which contamn a relatively high amount
of postganghome sympathetic nerves of the adrenergic type, the
amount 15 higher. This 1s especially true for the splenic nerves
where the nerve trunk, freed from 1its sheath, may contam as much

*We have confirmed the recent finding of M V.
18 rich 1 nor-epiephrine go ogt that the hypothalamic region
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TABLE VIII
Amount of I-Nor-epinephrine in ;g. per Gram of Nerve

Nerve Cow
Bran 004-02
Spmnal cord 0.12
Vagus 01
Phrenic 015-025
Saphenous . 02-1

| Cervical sympathetic 06
Superior cervical ganglion 1
Mesenteric 15-3
Sympathetic trunk 2549
Splanchnic .o 4
Splenic . coe 85-185

as 185 nug per gm of fresh nerve This seems to mdicate that
there 1s a correlation between the number of adrenergic fibers
m the nerve trunk, and its content of nor-epmephrine There 1s
no column mncluded m Table VIII for the amount of epmephrne
i these nerve structures, but generally 1t can be said that the
amount 1s low and seldom exceeds 5 or 10 per cent of the total
sympathomimetic amnes

Loewi. What kind of nerve 1s the splenic nerve?

von Euler The splemc nerve 1s histologically composed of
unmyelmated fibers, and 1t gives an almost pure C-fiber electro-
gram. Some of these fibers, undoubtedly, are afferent, but the
majonity of them are postganglionic sympathetic ones

Loewi That mght be the reason you found so much nor-
epmephrine What else could explam 1t?

von Euler. The splenic nerve has a larger proportion of adre-
nergic fibers than the other nerves hsted, and we think that the
adrenergic neuron 1itself produces nor-epmephrine by some enzy-
matic achon. Since nor-epmephrine 1s present not only in the
nerve trunk, but also m sumilar amounts m gangha, 1t seems that
the whole neuron 1s capable of forming nor-epmephrme
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Nickerson Do you have any thoughts about the possible con-
centration of these sympathomimmetics i the nerve endings or in
the effector cells? The ratio of concentration n the nerve to
concentration in the whole tssues 1s on the order of 2 or 3 to a
maximum of 6 to 1, and yet the ratio of nerve tissue to other tissue
in these end organs is probably several hundred to one. There
must be some sort of concentration. Have you thought about
where this concentration may be?P

von Euler. Taking the content m the splemic nerve as 15 ug
per gm , and in the spleen as 3 ug. per gm., gives a ratio of 1 to 5.
Obviously, the spleen does not contain sympathomimetic nerve
fibers m the proportion of 1 to 5, which necessarily means that
the concentration m some part of the intrasplenic nerves, if the
substance 1s exclusively bound to the postganglonic sympathetic
fibers, must be much higher than in the nerve

Engel- Are these determinations by chemucal analysis, or by
biological assay?

von Euler. They are made in the followmng way: the nerves,
and the same 1s also the case for the tissues, are ground and
extracted with trichloracetic acid, about 5 per cent, or acid alcohol:
1t does not make much difference To the trichloracetic acid filtrate
1s added aluminum sulfate, to about 0 1 per cent After this, sodium
hydroxide 1s added to 76, and the ensuing precipitate 1s filtered
off The precipitate then contams all of the sympathomimetic
ammes of catechol nature The preciprtate 1s dissolved mm normal
sulfuric acid, and the aluminum salt is precipitated by the addition
of four volumes of a mixture of acetone and alcohol. After filtra-
tion, the acetone and alcohol are driven off and the aqueous
solution 1s tested biologically Usually the amounts obtamed from
tissues are so small that they will not permit a colorimetric estima-
tion, but they generally allow a biological assay

Zweifach Could you describe this physiologic test?

von Euler To differentiate nor-epmephrine and epmephrine
m a mixture, the extract 1s assayed on two test preparations. one
of them having properties such that nor-epinephrine 1s more active,
although acting principally in the same way as epinephrine, and
m the second preparation, epmephrine should be the more active
By estimating the activity ratio of epmephrine to nor-epmephrine
1n both cases, and by estimating the activity of the extract in terms
of one or the other, one can compute the results and get the
answer in terms of nor-epmephrme and epmephrine
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Shorr: Would you mtroduce imnto the record the two systems
that you use?

von Euler We have been using the cat’s blood pressure and
the fowl’s rectal cecum In the cat’s blood pressure, nor-epmeph-
rme 1s about 2 to 5 times more active than epmephrine, giving
an activity ratio of 0.5 to 02, whereas on the fowl’s rectal cecum,
epmephrine 1s something like 20 to 60 times as active as nor-
epinephrme, giving an activity ratio of 20 to 60

Ahlquist It has been shown recently by Swanson and Chen (5)
that 1 cats pithed by their method, the ratio between the activity
of epmephrine and nor-epmephrime 1s just the reverse of what
you state; that 1s, epmephrine 1s much more potent than nor-
epinephrime 1 imncreasing blood pressure Therefore, if you had
a cat which did not follow the general rule that nor-epinephrine
15 the more potent pressor agent, would 1t make any difference
m your biological comparison?

von Euler We are using the cat under Nembutal anesthesia,
and m order to increase the sensitivity of the preparation, we
always use a primmg dose of ergotamine m the amount of about
015 mg per Kg, which stabihzes the blood piessure and increases
the response to epmephrine and nor-epmephrme to quite a good
degree (1)

Eprror’s Note Dr von Euler wishes to add this Conference
“afterthought:”

It would reduce the differentiating abihity of the system, which de-
pends on the relation between the activity ratios With an activity ratio

of 30 on the fowl’s rectal cecum, and 0 3 on the cat’s blood pressure,
the relation 1s 03—°= 100 If the denommator 1s raised, as in the case
suggested by Dr Ahlqust, the relaton may be only —351= 10 If the

relation 1s 1, there 1s obviously no means of differentation between
nor-epinephrine and epimephrnne

For the present discussion 1t mught be of special interest to see
whether these substances are present m the vessels This has
been studied 1n some detail by Schmiterlow (6) The upper curve
in Figure 25 represents a blood pressure tracing of the cat, and
the lower curve the movements of the uterus m situ As Barger
and Dale (7) bhave shown, the virgin uterus of the cat relaxes
much more maikedly m response to epmephrine than it does to
nor-epmnephrme It 1 obvious from Figure 25, Section 1, that
extracts of the mesentenc artery, and the portal vemn, have a much
smaller effect on the uterus mn situ than does epmephrine m a
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dose which gives a comparable effect on the blood pressure. This
expermment 1s of a sumlar kind to those made by Cannon and
Rosenblueth (8). They also used this difference m response to
sympathin liberated from vessels, and epinephrine, although the
same mferences were not drawn

Ficure 25 Cat, chloralose, adrenals removed Upper curve, blood pressure, lower

curve, movements of non-pregnant uterus 1n situ (relaxation downward) Animal
treated with atropme and antergan

I A Extract of 1 g horse mesenteric arteries
B Extract of 1 g horse portal vemn
C 3 pg epmephrime

II A Extract of 1 g horse coronary vessels
B 2 ng epmephrne

Reprmted, by permission, from Schmiterlow, C G The nature and occurrence of

pressor and depressor substances in extracts from blood vessels Acta physiol
scandinav 16, Suppl 56 (1948)

Figure 25, Section 2 shows the effect of an extract of coronary
vessels, which 1s of some mterest At A, one can see that the effect
of the extract of the coronary vessels 1s strong on the blood pres-
sure but practically absent m the uterus in situ, whereas epneph-
rine gives a strong relaxation The active substance 1 the coronary
vessels thus cannot possibly be epmephrine, but agrees m action
with nor-epmephrne

Green Have you tried a mixture of epmephrine, and nor-epmeph-

nme, on the uterus to see if the nor-epmephrine mght mhibit
the relaxation due to the epmephrie?
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Shorr. Would you mtroduce mto the record the two systems
that you use?

von Euler. We have been usmg the cat’s blood pressure and
the fowl’s rectal cecum In the cat’s blood pressure, nor-epmeph-
rine 1s about 2 to 5 times more active than epinephrine, giving
an achivity ratio of 05 to 02, whereas on the fowl’s rectal cecum,
epmephrine 1s something like 20 to 60 times as active as nor-
epinephrmme, giving an activity ratio of 20 to 60

Ahlquist- It has been shown recently by Swanson and Chen (5)
that in cats pithed by their method, the ratio between the activity
of epmephrine and nor-epmephrime 1s just the reverse of what
you state, that is, epmephrnne 1s much more potent than nor-
epinephrine m mcreasing blood pressure Therefore, if you had
a cat which did not follow the general rule that nor-epmephrine
1s the more potent pressor agent, would 1t make any difference
m your biological comparison?

von Euler We are using the cat under Nembutal anesthesia,
and 1 order to increase the sensitivity of the preparation, we
always use a priming dose of ergotamine m the amount of about
015 mg per Kg, which stabihzes the blood pressure and mncreases
the response to epmephrine and nor-epmephrme to quite a good
degree (1)

Epiror’s Note Dr von Euler wishes to add this Conference
“afterthought-”

It would reduce the differentating ability of the system, which de-
pends on the relaton between the activity ratios With an actwity raho
of 30 on the fowl!’s rectal cecum, and 0 3 on the cat’s blood pressure,
the relation 1s 33%—: 100 If the denominator 1s raised, as in the case
suggested by Dr Ahlquist, the relation may be only —Ziz 10 If the
relation 1s 1, there is obviously no means of differentiabon between
nor-epmephrine and epmephnne
For the present discussion 1t might be of special mnterest to see
whether these substances are present in the vessels This has
been studied 1n some detail by Schmiterlow (6) The upper curve
mn Figure 25 represents a blood pressure tracing of the cat, and
the lower curve the movements of the uterus m situ As Barger
and Dale (7) have shown, the virgin uterus of the cat relaxes
much more markedly m response to epmephrme than it does to
nor-epmephrme. It 1s obvious from Figure 25, Section 1, that
extracts of the mesenteric artery, and the portal vein, have a much

smaller effect on the uterus mn situ than does epmnephrine mm a
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seems rather high, but since it mvolves a chemical preparation,
and two different test preparations, 1t is probably the best that can
be done unless we had a very large seres

Nickerson- 1 was thinking particularly of the vanability m df-
ferent ammmals Can you consistently reproduce the 04 pg. figure
three or four weeks after denervation?

von Euler That would depend on the degree of regeneration,
which 1s unpredictable However, one would never find a figure
as hugh as 04 pg. per gm m the freshly denervated heart. In the
normal heart, I beheve, the hmits were around 0.5 and 1.

Knisely. If a piece of tissue were cut into, let us say, six parts,
and one sample were prepared for testing immediately, while the
others were tested m an hour, or at various later times, what would
be the nature of the decrease 1n the active substance with time?

von Euler. The decrease 1s quite slow We have not been able
to detect a significant difference in the content, for instance, of the
spleen when one piece 1s processed at once and the rest 1s left at
room temperature for twelve hours.

Burton. Does the pH make a great deal of difference?

von Euler. The organ 1s left as such, and then extracted in the
usual way m an acid medium If, on the other hand, the organ is
deep-frozen, and then thawed and left at room temperature for as
short a time as one hour, practically all activity disappears There-
fore, one cannot use frozen specimens unless they are processed
directly

Engel Is this true of the epinephrine content of tissues, as well
as nor-epmephrine?

von Euler. This is true for both.

Engel It holds for quite a senes of organs?

von Euler. We have had expenence with a number of organs, and
1t has been the same ’

Loewi. If one heart were left mtact, and another mashed. and
the determmation were made after two hours, there should be a
difference in the effects obtamed

von Euler. There would be a considerable difference, yes The
active substance would remain only in the intact organs

Moe With respect to Dr Burton’s remark about the PH, epineph-
rme 18 much more stable 1 blood than 1n salme at the same pH

Burton. I was thinking about the activity of the enzymes which
destroy these ammes. It 1s very much affected by pH. However,

I see that my question was urelevant i i
In connechion wi i
the tissue as 1t 1s f leaving
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von Euler: Yes, it has been done, not only 1 this kind of expen-
ment, but also, of course, to check the method of differentiating the
two in an extract

If the presence of sympathomimetic amines 1n the organs is due
to the sympathetic nerves, 1t should be possible to remove that
action by lethng the nerves degenerate Such experiments were
made by Cannon and Lissik (4), and they found that the content
of the tissues 1 such substances decreased to a great degree.

20
18 m left cerv symp removed
Q1'5 imin W right ~ “ ”
31'4 w left stellate removed
2112 N rnght ~ ” .
=10
508
306
204 -

02 i
0 . |
2 3

=

B (normal)

4 5 6
time-weeks after last operation

Ficure 26 Graph indicating the nor-epmephrine titer i sheep heart after various
operative stages and various times after complete cervico-stellate ganghon ectomy
Beﬁrmted, by permussion, from Goodall, M Studies of adrenahn and noradrepahn
m heart and suprarenals Acta physiol, scandinav 24, Suppl 85 (1951)

Figure 26 15 taken from a paper by Goodall (2), who worked m
our laboratory on the effect of the mnervation on the presence of
sympathomimetic ammnes m the heart of the sheep. After denerva-
tion of the heart, the content went down quite considerably It
was obvious that removal of the nght stellate was most effective m
denervating the organ The content remamed low for a tume, but
after some two or three weeks a gradual increase was noted, and
after some six weeks the content was about as high as 1t was m the
begmnmg. Histologic exammation showed an mgrowth of post-
ganghonic fibers from the sympathetic trunk Therefore, the con-
cusion from these experiments was that the presence of the
sympathomimetic amnes depends on the presence of the adrenergic

nerves
Nickerson. Dr. von Euler, can you give us an approximate error

figures?
fozg;esguleg:r With the biologic method, the standard error 1s

between 10 and 30 per cent, depending on the conditions That
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TABLE IX

17

Epinephrine and Nor-epinephrine Content in Suprarenal Glands,
From Various Animals

Ammal

Baboon
Rabbit
Guinea-pig
Rat

Man

Cow

Zebra
Sheep

Dog
Impala
Grant Gazelle

Wildebeest
Squirrel
Cat

Toad

Lion
Dogfish
Whale

Thompson Gazelleo

Nor-epinephrine Epinephrine %
mg /gm mg /gm Epimephrine
0 083 100
0-02 04 94-100
001-0 07 05 88-98
016 09 84
005-01 03-08 80-90
0513 1833 75-85
0103 14-19 70-85
04-09 08-] 5 . 55-80
05 16 76
02 06 75
03-04 0607 65
036 056 61
06 1 083.. 57
01 01 50
04-08 .0 g-O 8 40-60
1224 1227 40-60
03 02 40
60 30 30
05-25 0-1 0-50

von Euler Small amounts of epinephrine are piesent m chromaf-
fin cells outside the suprarenals
Shorr Is 1t the same for the dogfish? My recollection 1s that
the dogfish the adrenal cortex 1s an entirely separate structure from
the adrenal medulla It was because of this separation that 1t was
first possible for Biedl (13) to show clearly that 1t 1s the adrenal
cortex rather than the medulla which 1s essential for survival
_ von Ez,t’ler. In the dogfish, the preparation taken was the so-called
gangha,” which appear like a string of pearls at the back of the
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von Euler We were afraid of that at first, and were surprised
that the organ could be left as 1t 1s at room temperature for many
hours without any destruction of the catechol amimes Apparently,
the destroying enzymes have no access to the active substance.

Engel. Do you think this would hold true for room temperatures
in America, which are probably a good deal higher than m Europe?

von Euler 1 do not know

Cotzias- The same experience has been reported by Dr Barsoum
of Cairo, Egypt, in connection with histamine (9).

von Euler- 1 am very imterested to hear that.

Shorr. At that temperature your tissues, except for the surface,
are really anaerobic, and the pH would shift toward the acid side.
Both circumstances might be favorable for survival

von Euler. That 1s true So much for the presence of catechol
amines 1n organs and nerves Nor-epmephrine has been shown to
be present also in the suprarenals, as demonstrated first by Holtz,
and his collaborators (10), independent of our experiments on the
tissues although published later

Table IX shows that the relative and absolute amounts of epmeph-
rine and nor-epinephrine vary greatly Some of the anmmals histed
m the Table may appear to be quite unusual and queer, but that
1s due to the enterprising activities of my friend Goodall, who
one day hired an airplane and went down to Africa (he served as
a pilot during the war) and sent home a nice assortment of supra-
renals from various animals, includmg one lion

I do not claim that this list 1s complete, at all, it just gives some
examples picked from the literature and from our own experience,
but 1t 1s evident from 1t that the degree of methylation varnes prac-
tically from 100 per cent down to something in the neighborhood
of 10 per cent Why this 1s so, we do not know [t 1s perhaps
superfluous to speculate on the various amounts at this moment,
but what I want to draw attention to 1s the content 1n man Gen-
erally, the methylation 1 man seems to be around 85 per cent This
1s not a fixed figure As found by Hokfelt (11) m our laboratory,
and also by West (12), the relative amount of nor-epinephrme 1s
much higher 1 fetal suprarenals In fact, n the early fetal stages,
there 1s practically no epmmephrine at all Even at birth, the nor-
epmephrine dommates the picture, whereas later on, at greater
ages, the relative_amount of epmephrine mcreases In one case,
operated upon at the age of 70, the percentage of epmephrine was

over 90
Shorr. Is this total epmephrme, Dr von Euler?
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Rabbit  Noradr. Man Noradr. Man
at Adr. at Adr Adult
birth Hydroxy-tyr. birth ’

Noradr

Adr

Hydroxy-tyr

Figure 27 Paper chromatogram Extracts from suprarenal glands of adult men,
newborn wnfant, and newborn rabbit compared with pure solutions of hydro: a-
mimne, epmnephrine, and nor-epmmephrine Solvent butanol-HCl Time 26 hours
Temperature { 26° C Photographed during exposure to ultraviolet rays after
developing with potasstum ferricyamide Reprinted, by permission, from Hokfelt, B

Noradrenahin antf adrenalin 1n mammahan tissues Distribution under normal and
pathological conditions with special reference to the endocrine system Acta physiol
scandinav 25, Suppl 92 (1951)

Baez Professor von Euler, do you have any mmformation on
amimals with the adrenal demedullated, but with the cortex intact?

von Euler No, we have had no experience with that Would you
expect that the cortex would be of importance in the formation of
these substances?

Baez 1 was thmking about your findings of a higher content of
nor-epinephrine in the parotid and submaxillary glands Something
conditioned these tissues for a higher concentration of nor-epmeph-
rine than 1s present 1n the skeletal muscle or the hiver, for mstance
I wonder whether the distribution m the several tissues would
become more umform after adrenal demedullation

von Euler We have not determined the amount of epmephrine
and nor-epinephrine separately 1n these glands after adrenalectomy
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peritoneum. The total amount of catechol amines 1n the gangha
of the dogfish was 9 mg. per gm., which corresponds very well with
the amount found i the medulla alone. In the cow, for mstance,
it is about 10 mg per gram

Nickerson. Dr. von Euler, I recall that West has suggested, from
a somewhat shorter sertes than this, that there 1s a positive correla-
tion between the cortical-medullary ratio and the ratio of epmeph-
rine to nor-epmephrine Do you find that this relationship con-
tinues to hold m your series, or does it break down?

von Euler: It does not seem to hold true. In the whale, for
instance, the suprarenal looks to me very much like the suprarenal
of the baboon, in general shape and in the relation between cortex
and medulla.

Burch: What is the relationship in the whale?

von Euler. I should say that from a whale, a suprarenal weighing
500 gm would have a cortex of about 2 cm or 3 cm. thickness and
that the rest of it would be medulla, if I remember nghtly from
the experiments of Rastgeld1 (14).

Green: In the whale, did you isolate the amounts 1n the cortex
and medulla, which might be easily separated.

von Euler: Dr. Rastgeldi did not do that. Figure 27 illustrates
the difference mn the proportion between epmephrine and nor-
epmephrime at birth, and in the adult man. This is taken from
Hokfelt’s paper (11), showmg the chromatograph spots for nor-
epinephrine and epmephrme In column 3, nor-epmephrine is far
in excess of epmephrine, whereas i column 5, the reverse 1s true.

Engel- Are there data on the distribution m the rat?

von Euler: In the rat, the distribution 1s about 85 per cent
epinephrine and roughly 15 per cent nor-epmephrine. There 1s also
a shift toward much higher figures of nor-epmephrine in the rat,
as shown by Hokfelt (11).

I should now like to comment on the formation of these sub-
stances It has been suggested repeatedly that the presence of
sympathomimetic amnes 1 tissues, or 1n nerves, depends on the
formation of these substances in the suprarenal medulla, and
1t has been believed that these substances are merely stored in the
nerves and liberated from them. This cannot be the case, however,
because after complete adrenalectomy there is no significant dif-
ference 1n the content of nor-epmephrine mn the organs. This shows,
I beheve, that the substances are really formed by the adrenergic

neurons themselves



Epinephune and Nor-epinephrine 175

from the gland can easily be collected After centrifugation the
plasma can be tested directly on test piepaiations, without any
mterference by chemucal prepaiation methods

Engel. Have you tested the effect of the adienal steroids on the
biologic assay itself? I am thinking of several observations which
suggest that treatment of ammals or patients, with cortisone or
ACTH, will potentiate certamn effects of nor-epinephrine, such as
that on the blood pressure.,

von Euler. 1 do not think 1t will influence the assay, since all the
eshmations are made aganst a standard in each preparation; but
1t 15, of course, of great interest for the mechamsm of action of these
substances

As regards the secretion of these hormones from the suprarenal,
we have been able to confirm the findings of Cannon, and his asso-
ciates, that the secretion at rest 1s quite small Often it is hard to
demonstrate 1t, or to get a rehable figure for the output from the
suprarenal at rest However, even quite small degrees of stimulation
of various kinds induce a secretion, as is well known Such mflu-
ences are some anesthetics, such as chloralose and ether, asphyxia,
sensory stimulation of any kind, and so on Inducement of circula-
t(olrg pr)essor reflexes is one factor which also increases the output

,19

Shorr. Dr von Euler, do you have any ewvidence that pressor
substances, such as renin or pitressin, will mncrease the output?

von Euler: 1 do not know whether such experiments have yet
been done with this method *

Shorr Or epimephrine, itself?

von Euler We have not done that I think 1t would be an
interesting point, since one could compare the output of the two
substances.

Loewi All this was demonstrated long ago Epmephrine, when
mjected, does not nfluence the output of epinephrmme from the
adrenal medulla To my knowledge, only histamine, potassium, and
acetylcholine stimulate the epinephrme secretion from the adrenal
medulla Acetylchohne has the same effect also on the heart

Shorr Does the mjection of epinephrine stumulate the production
of acetylcholme-hke substances?

Loewr Nothing 1s known about this, why should it?

Shorr As a part of the homeostatic mechanmsm

Nickerson As Dr Loewi just mentioned, I think the only place
that 15 known to occur 1s m the heart Certamnly, epmephrine
Injections will cause a vagal release of acetylcholine
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We suspect that the relatively high epmephrine content 1n these
glands 1s caused by chromaffin cells

Shorr These are salt-mamtamed adrenalectomized rats?

von Euler. They were, if I rightly remember, salt-maintained
There were also some experiments on cats.

Shorr. How were they mamtamed?

von Euler They received no treatment They were sacrificed on
the third or fourth day.

One question which has bothered us considerably is the sig-
nificance of the presence of small amounts of epmephrine n the
tissues It has been suggested that the adrenergic neurons produce
epmephrine m addition to nor-epinephrine It has been shown by
Peart (15) that after nerve stimulation, the venous blood from the
spleen may contam small amounts of epimmephrine as well as nor-
epmephrine This, of course, does not mean that the nerve itself
produces epmephrine

We have had some experience with the distribution of the two
substances after degeneration of the nerves In the salivary glands,
for mstance, after cutting the nerves and letting them degenerate,
the content of nor-epmephime 1s very low, but the epmephrme
does not fall off in the same proportion (16,17).

It seems, from these experiments, that epmephrine may be formed
by other structures rather than by the adrenergic nerves themselves
Whether this formation 1s in chromaffin cells, present in various
organs, we cannot tell At least it 1s one possibibity It has never
been shown definitely that the adrenergic nerves also pioduce
epmephrine

Alterations 1 the distribution of the two substances can be found
after subjecting an ammal to various operative procedures, or to
mjections of various substances After hypophysectomy, for mstance,
the relative amount of epmephrine increases in the organ After
treatment with ACTH, either i normal or in hypophysectomized
animals, there 1s a decrease mn the epmephrine In thyioxin-
treated animals, there 1s a marked imcrease in the nor-epinephrine
content (11) We do not know the precise meaning of these results
They require a good deal of further investigation, so I shall not
comment upon them any more

As regards the hiberation of these substances 1t has been shown
repeatedly, since the classical experiments of Loew§ and of Cannon
and his associates, that they can be released by stimulation of the
adrenergic nerves It s easy to d?monstrate the presence of these
hormones 1 the suprarenal vemn, in wlich the total venous output
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Loewi. It 1s claimed by some scientists that epinephrine does not
stimulate the anterior lobe directly, but rather some secretory cells
m the hypothalamus, and that thewr secretion passes through the
portal system to the anterior lobe and stimulates 1ts secretions The
whole question 1s not yet decided

von Euler. T might briefly mention a few results which were
obtamned by the Austrian group working with Professo1 Brucke,
Vienna (21) In the cat they studied the output from the supra-
renal gland under the effect of carotid occlusion, and also of direct
electrical stimulation of the hypothalamus, and found that the
proportion of epmephrine rose considerably if they stimulated the
hypothalamus These results are certamnly mteresting, and mght
suggest that there are two kinds of fibers going to the gland one
group perhaps leading to the secretion of nor-epinephrine and
another group to the secretion of epmephrine.

Nickerson Dr von Euler, were these studies on adrenal vem
blood, or on peripheral blood, where material from both the adienal
medulla and peripheral sympathetic nerve endings would be
picked up?

von Euler The suprarenal venous blood was tested directly
Folkow and I (19) have made a few experiments of the same kind,
and with similar results Stimulation of the central end of the
sciatic nerve also leads to an increased proportion of epmephrme

Burton In such an experiment, would one have to measure the
artertal concentration, and work with the arteriovenous difference
between epmephrine and nor-epmephrme n order to rule out the
factor that the concentration m the whole circulation might be
mcreased?

von Euler In the peripheral blood, the concentration would be
of quite a different order, perhaps one-hundredth of that i the
suprarenal vein

Moe What concentrations are actually found i the adrenal
vemn?

von Euler After carotid occlusion, there would be about 05 ng
of nor-epinephrine per ml i the cat At rest, perhaps one-fourth
of that amount would be found

Knisely Is there any chance that the neuron secretes this con-

centration, and 1s the fiber to which we have been referring a little
tube which carries 1t down?

von Euler In the adrenergic nerve fiber?
Kmsely Yes
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von Euler. Raising the pressure i the carotid smus will release
the homeostatic vasomotor reflex, of course. In that way, 1t mght
even mhibit

Burton Have you any data on stress situations emotion, cold,
and so on? Have they been shown to increase the secretion of
epephrme?

von Euler Cold has been shown to increase the secretion

Loewi: Every stress does.

von Euler Some experiments by Abe and his co-workers (20)
showed, 1n the exteriorized suprarenal vein, that such kinds of stress
as hard work — the dog was made to run very fast for a long time —
increased the output If it were a trained dog that ran for a small
stretch, there was very little increase Therefore, 1t depended upon
the degree of stress on the ammal.

Shorr I am still bothered by Dr Loewr’s statement that epineph-
rine per se would not produce any kind of discharge It should
stimulate the adenohypophysis to the discharge of ACTH Then
ACTH mught alter the output of epmephrme from the gland. Isn't
that true?

von Euler 1 do not know We have done only two experiments
so far on that, and we were not able to show any effect of mjected
ACTH on the output.

Shorr What was the chronology of those experiments, how soon
after the mjection were they done?

von Euler One and three hours

Haist An increase m epinephrine output, when epmephrine 1s
given, would be contrary to the usual effect of admimstration of a
hormone on the output of the hormone by the gland would it not?
In most endocrine glands, if the hormone of the gland 1s adminis-
tered, the hormonal output of that gland dimiishes

Shorr That 1s true I just wondered whether this sthimulation
by ACTH would be a self-perpetuating circumstance

Loew: It was demonstrated many years ago that any stress
stimulates the epmephrine secretory center situated in the hypo-
thalamus The sttmulus is then transmtted to the adrenal medulla,
and its secretion is provoked The epmephrine 1n 1ts turn stimulates
the secretion of the anterior lobe Is that clear?

Shorr. Yes, 1t 1s clear I am remunded of what Dr Fremont-Smith
says about questions: “Never worry about asking a foolish question,
nobody knows what wisdom 1t will call forth 1n someone e]se..

Haist: Where does the hypophysial-portal circulation come into

the picture?
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spleen, lower than i the heart, probably because 1t 1s possible to
denervate the spleen more completely.

Cotzias Dr von Euler, we have been encouraged to ask even
foolish questions, and I want to ask one You have to extract these
agents quite vigorously from the tissue m order to get them out, do
you not? In addition, they are rather slow to diffuse. Therefore, I
wonder whether 1t would be possible, m a tissue which 1s known to
contamn a great deal of these agents, to find out actually in what
mtracellular component most of these agents might be concentrated
Specifically, I was thinking of the techmique of Palade, in which a
very high concentration of sucrose 1s used as the medium for disper-
sion It 1s a mld treatment and the hypertonicity 1s such that very
Iittle swelling, or similar phenomena, takes place, there 1s very httle
water movement One might possibly, I presume, be able to test
the fractions with your procedure and find out if a certain cytologic
component 1s blessed with more, or with less, concentration of these
agents than another one Do you think that 1s a foolish suggestion,
mn terms of all the washings that take place?

von Euler Not at all You mean, different structures withm the
cell?

Cotzias Within the cells You see, you can get clean nucler,
completely clean mitochondria, a fraction which consists of a mix-
ture of broken cells, nuclei, mitochondna, all sorts of things that
one cannot further fractionate with this method, and a supernatant
which consists of soluble substances With enzymes and with various
other dgents, 1t 1s possible to get a clear-cut picture of where mn
the cell the agents might be located (23)

von Euler 1 believe this has proved to be useful for demonstiat-
g the position of enzymes, and certain high molecular substances
On the other hand, I think that small molecular substances, such
as catechols, which are readily diffusible, would be more difficult
to place unless they were bound to high molecular substances
There 15 also the fact that they are apparently destroyed, to a
certain extent, at the pomnt of release not as fast as acetylcholne,
but sufficiently fast to prevent any greater leakage out mto the
blood stream

Knisely This 15 particularly interesting i connection wath the
spleen, because 1t has a very precise internal controlling apparatus
fort the dlsttrn})utlon of tl;e blood, which could hardly operate with-
out a contro stem, almo
D rane (24,25,22},’27) st hike the finger controls of playmng a

von Euler 'We have not found any organ with such a high con-
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von Euler- 1 should think that possibility would be excluded by
the very slow propagation of the substance 1 such neural tubules,
if they exist Regarding the prolonged effects of stimulation of
adrenergic nerve with a suitable frequency, one would not think
1t possible that enough material could be shoved down to the nerve
endings

Kmsely That would be my first assumption, but I am stll curious
Has anyone cut off the end, say, of the splenic nerve, and stimu-
lated the upper part to see what comes out? This may be a foolish
suggestion, but perhaps not

von Euler Astrom and I (22) have done a few expertments on
1solated splenic nerve trunks, and on stimulation at the end There
15, m some cases — I would not say 1n all — a release of nor-epineph-
rine at the other end What the significance 1s, I could not say

Knisely TIs the substance produced at the far ends of the nerves,
rather than at the neuron body?

von Euler The substance 1s actually produced by the whole
neuron It 1s found m the whole neuron, but to a much higher
extent in the nerve endings, possibly due to the presence of neces-
sary substrates, or coenzymes, or something hke that, which ac-
celerate the process of formation.

Shorr. That was clear from your work on the spleen

Loewi Why do you thmk so?

von Euler The figures obtained from the splemc nerve trunk,
and the spleen 1tself, indicate that the concentration of nor-epineph-
rine m the nerve endings must be much higher than 1n the trunk
itself

Nickerson That 1s excluding the possibiity that some of the
matenial 1n organs, such as the spleen, 1s stored outside of nervous
tissue?

von Euler: That 1s one possibility, but we have no evidence for
that. There 1s always a quite good correlation between the number
of adrenergic fibers going to the organ and the nor-epmephrine
content of the organ

Nickerson: The sympathomimetics may be formed by nerves, but
not stored in them. If all of the nor-epinephrme i the spleen were
in the sympathetic nerve endmgs, it would probably itself form
an isotomie, or hypertonic, solution

Stead: If the spleen 1s denervated, is there the same drop mn
tissue concentration as when the heart 1s denerva‘ted? .

von Euler- Yes The content goes down to practically zero in the
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s just a fine strand of fibers leading to the kidney, much less in
proportion to the weight of the organ than for the spleen.

Burton. Have you ever looked at the thymus? This is a wild hope,
but m view of its connection with the pituitary-adrenal axis, it
would be mteresting

von Euler: Yes. but I must say it was a great disappomtment.
The amounts of epinephrme, and nor-epmephrine, are very small
in that organ On the other hand, the content 1s quite high m
lymph glands.

Nickerson: One mught postulate a relationship between the fine
control of blood distribution in the spleen, and 1its rich content of
nor-epinephrme. However, my impression 1s that aside from pre-
venhng massive contractions, denervation does not really cause
much breakdown m splenic function I wonder if Dr. Knisely can
tell us how much derangement of the splenic circulation occurs
following denervation.

Knisely- 1 do not know at all

Shorr- With respect to what?

Nickerson With respect to the opening and the closing of shunts
and the distribution of blood. Grossly, the denervated spleen
appears to function normally, except that it does not pour out a
mass of red cells under sympathetic stimulation. The reason I raise
this question is that I thmk it 1s dangerous to conclude that because
of the high nor-epinephrine content of the spleen, nor-epinephrine
1s responsible for the precise control of the splenic circulation.

Burch Have you studied any abnormal spleens or diseased
spleens, such as 1n a patient with a lymphoblastoma?

von Euler. We happened to get a spleen from a young boy with
some blood disease 1 cannot say in detail what the symptoms
were, but there was occasion, apparently, for removal of the spleen
The spleen came to us fresh from the operating table, and we
extracted 1t in the usual way We found absolutely no nor-epmeph-
rine m 1t at all

Cotzias Was 1t very large spleen?

von Euler 1 did not have that mmpression

It would be interesting, m regard to the production of catechol
amines from the suprarenal glands, to mvestigate therr liberation
m shock That has not been done, I believe, at least a differential
determmation of the epmephrine, and the nor-epmephrine com-
ponent has not been made I think, m all experiments of this type,

1t 15 necessary to differentiate between the two since they are not
released 1n a parallel way
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tent of nor-epinephrine as the spleen. It 1s an outstanding organ
from that pomt of view.

Fine Where does the bone marrow come into the picture?

von Euler. The bone marrow does not contamn any measurable
quantities. I have not been able to get really rehable figures

Shorr: That brings up one point, Dr. von Euler. We have always
been thinking about the adrenal as a source of release, and have
exammned adrenal vem blood Thinking in terms of some of the
problems we have encountered, I wonder whether similar studies
have been done on the spleen under a vamnety of circumstances,
such as after ACTH, pressor agents, or what not?

von Euler. Dr. Shorr, it 1s relatively easy to demonstrate the
Cannon-Rosenblueth effect by stimulating the splenic nerves Nor-
epmephrine leaks out mnto the blood stream in sufficiently large
amounts to be demonstrated i the same ammal by a rise m blood
pressure.

Knisely. What are the effects of these substances on hver and
hiver circulation? The spleen 1s just upstream from the hver, so
the liver must get the highest concentration from the splenic blood.
Are there special effects on the liver?

von Euler. 1 think Professor Hermann Rein would like to answer
that, but I cannot venture mto that rather intricate field.

Fine. Is there any evidence that nor-epmephrine 1s mactivated
i the liver?

von Euler: Both epinephrine and nor-epmephrme are inactivated
by the liver. When epmephrine 1s mfused through the hwver, it is
destroyed relatively rapidly

Fine 1 should think, purely on empirical grounds, that it 1s a
necessary provision of nature, since presumably the very high blood
concentration of nor-epmephrine 1s for the purpose of mobilizing
blood To flood the circulation with nor-epinephrine on such occa-
sions mught even be detrimental, unless the liver were able to take
care of the excess.

von Euler: The liver is certainly effective in that respect.

Baez Is there any other organ which has adrenergic fibers in
amounts comparable to the spleen? If so, what 1s your explanation
for finding a much larger concentration of nor-epinephrme in the
spleen?

von Euler: I do not know of any organ with the same great sup-
ply of adrenergic nerve fibers as tlu? spleen. For mstance, if one
compares the nerves leading to the liver, the nerve bundle is quite
small for that large organ. The same is true for the kadney. There
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effective than nor-epmephrine, but when larger doses were tried,
that ratio was much less. The simultaneous admimstration of cho-
Ime, acetylcholine, or metlionne mcreased the effectiveness of
nor-epmephrine, but not that of epmephrine. It was considered
possible that when large amounts of nor-epinephrine are m the
crculation, some of 1t may be transformed to epmephrme, and that
the admimistration of methyl donors facilitates this process (31).

von Euler There 1s a possibihity of methylation, which 1s hard
to exclude However, this mechamsm does not seem to be present
to any great degree Otherwise, one would expect to find large
amounts of epmephrine in the tissues

Another mteresting thing about pheochromocytoma is that 1n
cases where the tumor contaimns almost exclusively nor-epmephrine,
the tumor 1s situated outside the suprarenal or loosely connected
to 1t, whereas 1 those cases 1n which 1t contans epinephrine and
nor-epmephrme, it is emerging from the medulla Therefore, the
two types seem to be origmating from two different kinds of cells.
This has, mcidentally, given a hint as to the position of these
tumors, since the output 1 urine reflects very well the proportion
of nor-epmephrine and epmephrine in the tumor In a case where
there 1s exclusively nor-epiephrine in the unne, the surgeon can
be advised to look for the tumor outside the suprarenals, and
usually somewhere along the aorta

Goldenberg: 1 am sorry to have to disappomt you, Dr von Euler,
but we have found that rules in pheochromocytoma hold only as
long as the series 1s small, with a larger series, they become mvahd
In our last eleven cases, m all of whom the urinary excretion of
catechol amines was studied, only one tumor was extra-adrenal
and ten were adrenal Of these adrenal tumors, three showed pre-
dominantly nor-epimephrine, and one contamed practically no
epinephrine at all For weeks, chromatograms were run, just to show
traces of epinephrine mn this tumor In this patient’s urme we found,
m addition to nor-epmephrine, a hydroxytryamine-hke substance
in large amounts, but no trace of epmephrme This was an mtra-
adrenal tumor (32)

I think that as far as the 1dea of the separate secretion of nor-
epmephrine and epmephrine goes, we may have to wait for more
proof I admut that Brucke’s mvestigations (33) are quite sugges-
tive, but the differentiation of small shifts in the epiephrine/nor-
epmephrime ratio by bioassay still seems problematic It 1s note-
worthy that Gaddum (34) abandoned the use of the primary
bioassay (modified de Jalon method) for the differential estimation
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Dr Burton suggested that I should also say somethmg about
the production of catechol amines in adrenal medullary tumors.
the so-called pheochromocytoma It was shown by Pamela Holton
(28), mnt.England, that some pheochromocytoma contamed rather
high proportions of nor-epmnephrme. In two cases she found
approximately 90 per cent, in a third about 50 per cent, and the
rest was epmephrme. We have been able to confirm this (29), as
has Dr Goldenberg (30) and others It seems to be quite often
the case that the tumor contans practically nothing but nor-
epmephrine In other cases, there 1s a higher content of epimephrine,
m addition, but there 1s always more nor-epinephrine than in the
normal gland

There would perhaps be a possibility of finding out whether
there are different kinds of cells producing nor-epmephrme and
epmephrine 1if one really looked carefully mto these tumors. Our
histologists and pathologists have not so far been able to tell us
whether there 1s any difference in, for imstance, a rabbit’s supra-
renal, producing only epmephrine, and m a pheochromocytoma
that is producing only nor-epmephrine

Moe- 1 presume the tumor cells do not have any mnervation from
so-called preganglionic fibers

von Euler. I think not .

Moe- It would be very strange if they did You also remarked
that m the fetus the content of nor-epmnephrine 1s much higher
than of epmephrine, 1s that night? ’

von Euler That 1s nght :

Moe Can 1t be that chohne 1s the methylating agent, and that
the humoral agent which causes the liberation of epinephrme from
the normal medulla is the agent which adds on the methyl group?
Henry Hoberman had a fanciful theory about this ten years ago
when I was m Otto Krayer’s laboratory in Boston. We set’ up an
assay procedure with the hope of distinguishing between epineph-
rine and nor-epinephrine, using the relaxation of the constricted
bronchi as an evidence of epmephrine action, and the blood pres-
sure response of the same amimal as a measure of the sum of nor-
epmephrme and epinephrme. I won’t go mto detail, because we
did not have much m the way of results However, we were trymg
to demonstrate the possibility of methylation of nor-epinephrine
by the addition of cholme or acetylchohne.

Nickerson+ 1 recall that someone was studying the effect of
epmephrine and nor-epmephnne on the mouse pupil It was found
that if minimal doses were used, the epinephrine was much more
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replacement which has to be given m order to mamtam a normal
blood pressure postoperatively.

I remember one case we studied in which we had to give 03
mg of epmephrine per minute mtravenously for forty-eight hours,
in order to keep the systolic blood pressure at about 110 mm Hg.

Loewi. What kind of case was 1t?

Shorr. A pheochromocytoma after operation

Moe- A special mechanism for the release need not be postulated,
it seems to me, because if these tumor cells are synthesizing
epmephrine and nor-epmephrine continuously, 1t has to get out. It
cannot be contamed within the cell forever It could leak out in
the direction of the concentration gradient

Loewi: Not necessarily, it could also be destroyed within the cell.

Moe Surely

Shorr+ It 1s an accepted fact that the tumors are independent of
the usual type of shmulation for this release

Nickerson 1 get the mpression from the pharmacologic methods
of nducing attacks mn patients with pheochromocytoma that there
1s some correlation between vasodilation m the tumor tissue, which
allows the pressor matenal to be washed out, and the production
of an attack. It may be largely a mechanical process

Zweifach- What 1s the physiologic significance of differences mn
the content of nor-epmephrine and epmephrine of various tissues?

von Euler. In my opmion the nor-epmephrine 1s at least the
predominant, and may be the exclusive, mediator of the adrenergic
nerves, whereas epmephrme probably serves other purposes

Zweifach You presented i several of your illustrations the
comparative content of nor-epimmephrine and epmephrne for dif-
ferent tissues, some tissues having rather large amounts, relatively
speaking s there any significance attached to these figures,
aside from the type of mnervation, with reference to function or
physiology?

von Euler T should thmk that the amount of nor-epmephrine
sigmfles the degree of adrenergic nervous mmmervation In some
organs, such as a striated muscle, or the lung, the supply of adrener-
gic nerves, 1s apparently rather small, whereas i other organs an
extensive adrenergic nerve supply 1s required TIn such a case, there
will be a large amount of the substance What governs the adrener-
gic nerve supply to the organ 1s another question

Shorr. Dr von Euler, have you ever stuhied the effects of

adrenergic blocking agent .
the adrenal medu]%a? gents on the production of epmephrine by
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of epinephrine and nor-epmephrine 1 mixtures of these compounds,
and replaced 1t by chromatographic separation of the compounds,
followed by bioassay of the smgle eluted compound (35).

It is hard to beleve that there are different cells containing
epinephrine or nor-epmephrine, because an mndividual starts in
fetal life with a gland producing nor-epmephrine only, and comes
to have, by slow transition, a gland producing a muxture which is
predommantly epmephrine I questioned pathologists about the
differentiation of tumor cells producing, predominantly, epinephrine
or nor-epmephrine No luck

von Euler. They have not found the answer

Goldenberg: One must look either for different cells, or for dif-
ferent transmutters in the adrenal medulla, if an immdependent secre-
tion of epmephrine and nor-epinephrme 1s assumed

von Euler Dr Goldenberg, do these tumors really emerge
the medulla, or are they just adjacent to the medulla?

Goldenberg 1 had always thought that the extra-adrenal tumors
were more frequent, since we had observed a higher percentage m
our previous series However, 1n the last eleven cases we were not
lucky; we had just one extra-adrenal It had a high percentage of
epinephrine

von Euler: All T can say is that in our thirteen cases, it has been
true that when there 1s nor-epinephrine in the urine, the tumor has
been extra-adrenal

Loewi Do these tumors produce and release nor-epmephrine?

von Euler- They release, in many cases continually, one or both
of the substances.

Loewi This is obviously not a release from nerves.

von Euler. No

Loewi. Is anything known about substances which provoke the
release?

Goldenberg Histamime does, for example, 1t has been used as a
test We tried to block the release by antihistamines It always
worked for two days but not on the third day.

Burch. It may be released by massage

Goldenberg Mechanical factors succeed so rarely that it seems
possible that a humoral factor may release it. Unfortunately, we
do not know how the attacks are precipitated.

Shorr: There are cases in which the tumor is readily acces_mble
to palpation, and in which a small amount of palpation variably
produces a 11se in blood pressure However, the extent of the con-

tinuous release may be indicated by the amount of epmephrine
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replacement which has to be given m order to mamtamn a normal
blood pressure postoperatively.

I remember one case we studied i which we had to give 0.3
mg of epinephrme per mmute mtravenously for forty-eight hours,
mn order to keep the systohic blood pressure at about 110 mm Hg.

Loewi. What kind of case was it?

Shorr. A pheochromocytoma after operation

Moe A special mechanism for the release need not be postulated,
1t seems to me, because if these tumor cells are synthesizing
epmephrine and nor-epmephrine continuously, 1t has to get out. It
cannot be contamed within the cell forever It could leak out m
the direction of the concentration gradient

Loew: Not necessanly, it could also be destroyed within the cell

Moe. Surely

Shorr It 1s an accepted fact that the tumors are mdependent of
the usual type of stmulation for this release.

Nickerson 1 get the impression from the pharmacologic methods
of inducmg attacks in patients with pheochromocytoma that there
is some correlation between vasodilation m the tumor tissue, which
allows the pressor matenal to be washed out, and the production
of an attack It may be largely a mechanical process

Zweifach What 1s the physiologic sigmficance of differences in
the content of nor-epinephrine and epiephrine of various tissues?

von Euler In my opmion the nor-epinephrine 1s at least the
predominant, and may be the exclusive, mediator of the adrenergic
nerves, whereas epmephrime probably serves other purposes

Zweifach You presented mn several of your illustrations the
comparative content of nor-epmephrine and epinephrine for dif-
ferent tissues, some tissues having rather large amounts, relatively
speaking Is there any sigmificance attached to these figures,
aside from the type of innervation, with reference to function or
physiology?

von Euler 1 should think that the amount of nor-epmephrine
sigmfles the degree of adrenergic mervous mmervation In some
organs, such as a striated muscle, or the lung, the supply of adrener-
gic nerves, 1s apparently rather small, whereas in other organs an
extensive adrenergic nerve supply 1s required In such a case, there
will be a large amount of the substance What governs the adrener-
gic nerve supply to the organ is another question

Shorr Dr von Euler, have you ever studied the effects of

adrenergic blocking agent >
the adrenal me dul%a? gents on the production of epinephrine by
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von Euler: No, we have not done any such experiments.

Loewi. Quite recently some experiments of this kind were per-
formed I have here a preprnt of a preliminary note. Shall I
read 1t?

Shorr- Yes, do

Loewi The followmg 1s from “Sympatholytic Drugs and the
Adrenal Glands,” by Mary F Lockett (36,37)

“Bulbring (1949) first demonstrated the methylathon of nor-
adrenaline to adrenaline by munced suprarenal gland, and found that
added adenosine triphosphate was essential for this methylation

“Lockett (1952) confirmed Bulbring’s work, and extended 1t by

showing that the minced suprarenal glands demethylate adrenaline to
noradrenaline m the absence of added ATP

“Ergotoxine ethanesulphonate, tolazolne, (priscoline), hydrochlor-
ide, or dibenamine, added to suspensions of adrenal glands, suppress
the demethylation of adrenaline and cause methylation of nor-adrenahn
in the absence of added ATP Sympatholytic drugs therefore act hke

ATP 1n this respect, and make ATP no longer essential for the methyla-
tion of noradrenalne 1 vitro

“Similar action results from the tn vivo use of sympatholytics Sus-
pensions made from the adrenal glands removed from amimals after
‘adrenaline reversal’ had been induced with any one of these three
sympatholytics, methylated noradrenalme to adrenaline in the absence
of added ATP, suspensions of control glands, removed from the same
ammals prior to the mjection of a sympatholytic drug, demethylated
adrenaline to noradrenaline 1n the absence of added ATP, and methy-
lated noradrenahne to adrenalne in the presence of either added
ATP, or an added sympatholytic drug”

Shorr It does not answer the question of total production, but
of a shift n equibbrium, which mught conceivably be the mecha-
nism, rather than different cells If there were an equilibrium
reaction between epmephrine and nor-epmephrine m the medulla,
which could be influenced in one direction or the other, then 1t
would not be necessary to postulate different cells for doing different
things

Hast: 1 should like to ask if 1t 1s possible to alter the proportion
of epinephrne and nor-epmephrine m tissues by diet For example,
if a choline-deficient diet were admimstered, would it have any
effect on the proportion of the two?

von Euler- We have had no experience with that, I think it 1s a
question which 1s worth looking into

Burch. Dr von Euler, have you studied the influence of con-
tinued prolonged stimulation, such as might occur 1n stress situa-
tions, to see if there is any exhaustion phenomenon, and if so,
whet’her epinephrme or nor-epinephrine becomes exhausted first?
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von Euler. We have just started some experiments but the num-
ber of them is so small that I would not like to comment upon
them I would say that so far we have not been able to detect any
consistent alteration 1n the content of the organ The stimulation
periods, however, have been up to only twenty mmutes.

Moe. Is this nerve stmulation?

von Euler It is nerve shmulation of the spleen

Moe. There were some old experiments, I think from Edmund’s
laboratory, which mvolved giving physostigmine, and atropine, and
then several large doses of acetylcholine. There was repeated
liberation of the medullary hormone, and I believe they demon-
strated a significant reduction 1 the content There was, of course,
no differentiation between epmephrme and nor-epmephrine n
those experiments

von Euler On splanchnic stimulation, 1t 1s possible to empty the
gland to a ceirtamn extent Insulin 1s still more effective, as shown
by Hokfelt in the rat (11)

Moe. However, 1 think that without the addition of physostig-
mine 1t 1s 1mpossible

Loeur Elhott, long ago, strongly diminished the content of the
adrenal medulla by splanchnic stimulation without using physostig-
mme (38)

Moe This was prior to the demonstration of nor-epmephrine mn
the adrenal

Fine Are the amounts of epmephrine and nor-epinephrine de-
creased at the same time?

von Euler On splanchnic stimulation, yes

Fine Does that suggest that epmephrine 1s the precursor of
nor-epmephrine m the tissues?

von Euler I would not say so

Nickerson Before we leave the note which Dr Loew: read, I
should just hike to add a word of caution This 15 an nteresting
observation and may ultimately prove to be immportant However,
at the present time, 1t probably should not be taken as an indication
of the mechanism of action of these drugs

Loewi T fully agree with you

Nickerson In the case of Dibenamime, we know that the com-
pound 1s a potent mhibitor of certamn sulfhydryl enzymes The
epmephrine-nor-epinephrine mterconversion may well be dependent
upon the action of such enzymes The mhibition of some enzyme
mvolved m demethylation could cause the apparent shift in the
direction of the reaction We shall have to know more about this
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von Euler. No, we have not done any such expermments.

Loewi. Qute recently some experiments of this kind were per-
formed I have here a preprint of a preliminary note Shall I
read 1t?

Shorr Yes, do.

Loeun The following 1s from “Sympatholytic Drugs and the
Adrenal Glands,” by Mary F Lockett (36,37)

“Bulbring (1949) first demonstrated the methylation of nor-
adrenaline to adrenaline by minced suprarenal gland, and found that
added adenosine triphosphate was essential for this methylation

“Lockett (1952) confirmed Bulbring’s work, and extended it by

showing that the minced suprarenal glands demethylate adrenalne to
noradrenaline mn the absence of added ATP

“Ergotoxine ethanesulphonate, tolazohne, (priscoline), hydrochlor-
ide, or dibenamine, added to suspensions of adrenal glands, suppress
the demethylation of adrenaline and cause methylation of nor-adrenalin
m the absence of added ATP Sympatholytic drugs therefore act like

ATP 1 this respect, and make ATP no longer essential for the methyla-
tton of noradrenaline n vitro

“Similar action results from the in vivo use of sympatholytics Sus-
pensions made from the adrenal glands removed from amimals after
‘adrenaline reversal’ had been mduced with any one of these three
sympatholytics, methylated noradrenaline to adrenaline i the absence
of added ATP, suspensions of control glands, removed from the same
ammals prior to the injection of a sympatholytic drug, demethylated
adrenaline to noradrenaline in the absence of added ATP, and methy-
lated noradrenaline to adrenaline mn the presence of erther added
ATP, or an added sympatholytic drug”

Shorr: It does not answer the question of total production, but
of a shift in equibbrium, which might concervably be the mecha-
nism, rather than different cells If there were an equilibrium
reaction between epmephrine and nor-epmephrine m the medulla,
which could be mfluenced in one direction or the other, then it
would not be necessary to postulate different cells for doing different
things

Haist: I should hike to ask if 1t 1s possible to alter the proportion
of epinephrine and nor-epimephrine i tissues by diet For example,
if a choline-defictent diet were administered, would it have any
effect on the proportion of the two?

von Euler- We have had no experience with that; I think it 15 a
question which is worth looking mto

Burch: Dr von Euler, have you studied the influence of con-
tinued prolonged stimulation, such as might occur mn stress situa-
tions, to see if there 1s any exhaust.lon phenomenon, and if so,
whether epinephrime or nor-epinephrine becomes exhausted first?
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reaction before we can say that this effect of Dibenamine 1s related
in any way to the other actions of this drug

EXCRETION OF CATECHOL AMINES IN URINE

von Euler: I should like to give a short survey of some observa-
tions on the excretion of the sympathormmetic ammes m urine,
and a brief outline of their actions. I know that Dr Ahlqust 1s
going to present some more precise data as to the mechamsm of
action.

With regard to the excretion in urine, 1t was shown by Holtz
and co-workers (10), that normally a certain amount of sympa-
thomimetic amines 1s present in the urine He mferred from his
experiments that these amines were epmephrine, nor-epinephrine,
and hydroxytyramine, which has been confirmed by us (39).

The normal excretion in man appears to be, according to our
estimation, about 4 to 8 ug of epinephrine per day, on an average,
and about 20 to 40 ug of nor-epinephrie per twenty-four hours.
If one follows the excretion mn a hospitalized patient, for instance,
who 1s hving under rather regular conditions, the output n urme
1s quite constant On the other hand, if the subjects are up and
domng therr daily work, there might be alterations which would
exceed those figures.

Loewi. Were the determmations made directly or, according to
Richter, after hydrolysis of the urme?

von Euler These figures were obtamed after hydrolysis of the
urme. We used twenty-minute hydrolysis with sulfuric acid at
pH 15, at 100 degrees centigrade

Loewi. Was Richter’s 1dea correct?

von Euler It was correct, except that Richter did not, at that
time, demonstrate the presence, at normal times, of such substances,
or therr spontaneous output That was first shown by Holtz

Green. What technique did you use to demonstrate the presence
of these substances?

von Euler- We used essentially the same techmque that we used
for demonstrating their presence 1 organs After hydrolysis of the
urine, aluminum sulfate, and then sodum hydroxide, were added
to form the precipitate which absorbs the catechol ammes The
precipitate was then dissolved m acid and the alummnum salts
removed It has been shown that during certam conditions the
output may be greatly altered One of the first series of experi-

ments we made was on the effect of muscular work
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von Euler: That 1s a very good pomnt This particular subject did
not show an mcreased output until his work went up to about 3 or 4
liters of oxygen per mimute However, mn untramed subjects a
similar mcrease could be noticed even at 2 to 3 hiters per minute
Therefore, it appears to be the degree of stress on the subject which
determines the degree of output of catechol amines

Shorr. Have you smmlar observations following ACTH?P

von Euler We have only one case, I have not mentioned 1t
because I felt 1t mght be premature to do so

Green Are there data on the time course of this output, with
respect to a period of work?

von Euler. Unfortunately, no The necessary mimimum amount
of urmme can hardly be produced m less time than, say, fifteen
mmutes, and that makes a detailled study somewhat difficult,
especially since one cannot be sure about the complete emptying
of the bladder before and after It would make the figures rather
uncertam

Stead Do you have figures on the excretion during motionless
standing, or a simuilar type of stress?

von Euler No, we have not

Shorr Dr Selkurt, would you tell us somethmg about what hap-
pens to renal function and flow, and to excretion, during these
pertods?

Selkurt. It 1s a well-known fact that renal function tends to go
down during exercise, and also that the actual urine output goes
down There may be a combination of reduced renal blood flow
and alteration 1n normal output of ADH (antidiuretic hormone)
m terms of the final effect on volume of urine

Shorr Therefore, Dr von Euler was really justified n warting
for a considerable time after the period of actual work?

Selkurt Yes, 1 should say so Of course, 1t leads to an mteresting
question 1 terms of the mechamsm of excretion. If the catechol
amine is simply filtered, then a reduction of urine volume would
not matter because 1t would be concentrated more highly m the
final specimen

Shorr But this 1s still referred to 1n terms of output per minute,
so the concentration would not matter

Selkurt Then 1t could be mfluenced only by alteration m fltra-
tion rate

Shorr 1In other words, the changes may be very much greater,
because Dr von Euler collected urine at a time when the filtration

rate was low, so that he would not be getting as much from the
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Table X gives an example of a series of determmnations mn a
well-trained subject. The work done was controlled by measuring
the oxygen consumption There 1s no definite alteration m the
catechol amine output as long as the muscular work does not exceed
2 4 hters of onygen consumption per minute. On the other hand,
if the amount of work per umt of time 1s mcreased considerably,
up to about 4 liters per minute, which of course 1s quite heavy
work, then the output figures go up steeply (40) As shown m
Table X, at 4 liters per minute, the output was about 05 pg. per
nunute: approximately a tenfold increase

Nickerson: What was the duration of each of these collection
periods and work periods?

von Euler- The work periods lasted from five to twenty minutes,
and the collection of urme was usually once an hour In those
cases the calculation was made on the basis that the normal output
m 1est should be 0.05 pg per minute

Nickerson. They were not consecutive periods?

von Euler. No, they were on different days The next to last
column shows that the percentage of epimephrme did not change
very much Therefore, both nor-epinephrime and epmephrine would
be secreted i increased amounts

Thus, perhaps, should be commented upon a httle further When
the adrenals have been removed, the epmephrine output in urine
falls practically to zero (40) That means that the source of the
epmephrme output 1s chiefly the suprarenals On the other hand,
m adrenalectomized patients, the nor-epmephrine output does not
change to any great degree, which shows that the nor-epinephrine
1s not derived from the suprarenals to any great extent but comes
from other sources, presumably the adrenergic nerves

This 1s of some interest because 1t shows that during heavy
muscular work there 1s a considerable increase i the activity of
the adrenergic nerves At the same time, formation and release of
epmephrme from the suprarenals takes place These are probably
qute different procedures

Remington Did you say adrenalectomized patients?

von Euler Yes These patients were maintamed on a daily dose
of 50 mg of cortisone We followed the catechol amine output
1egularly )

Engel- Would there be any difference m the output with muscle
exercise between an mdividual 1n poor condition and, say, an

athlete?
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von Euler. That 1s a very good pomnt This particulai subject did
pot show an mcreased output until his work went up to about 3 or 4
liters of oxygen per mmute However, m untramed subjects a
similar mecrease could be noticed even at 2 to 3 liters per munute
Therefore, 1t appears to be the degree of stress on the subject which
determines the degree of output of catechol amines

Shorr Have you smular observations following ACTH?

von Euler We have only one case, I have not mentioned it
because I felt it might be premature to do so

Green- Are there data on the time course of this output, with
respect to a period of work?

von Euler Unfortunately, no The necessary mmimum amount
of urine can hardly be produced m less time than, say, fifteen
mimutes, and that makes a detailed study somewhat difficult,
especially since one cannot be sure about the complete emptymng
of the bladder before and after It would make the figures rather
uncertamn

Stead Do you have figures on the excretion duing motionless
standing, or a similar type of stress?

von Euler No, we have not

Shorr Dr Selkurt, would you tell us something about what hap-
pens to renal function and flow, and to excretion, during these
periods?

Selkurt It 1s a well-known fact that renal function tends to go
down during exercise, and also that the actual urine output goes
down There may be a combmation of reduced renal blood flow
and alteration 1n normal output of ADH (antidiuretic hormone)
m terms of the final effect on volume of urne.

Shorr Therefore, Dr von Euler was really justified i waiting
for a considerable time after the period of actual work?

Selkurt Yes, I should say so Of course, 1t leads to an mteresting
question 1n terms of the mechamism of excretion If the catechol
amine is simply filtered, then a reduction of urme volume would
not matter because 1t would be concentrated more highly m the
final specimen

Shorr But this 1s stll referred to 1n terms of output per minute,
so the concentration would not matter

Selkurt Then 1t could be mfluenced only by alteration n filtra-
tion rate

Shorr In other words, the changes may be very much g1eater,
because Dr von Euler collected urine at a time when the fltration
rate was low, so that he would not be getting as much from the
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blood. Also, during the post-exercise period, inactivating mecha-
nisms may be operating to reduce the amount appearing m the
urine. Therefore, these figures might be regarded as mmimal.

Stead Do you know to what level these materials have to be
raised 1n the blood stream in order to obtain this amount of urmary
excretion?

von Euler: Yes; Dr Luft and I (41) have studied the effect of
ntravenous infusion of nor-epinephrine on urinary excretion, and
found that between 15 and 3.3 per cent of the amount given was
excreted m the urme per umt time These figures, I believe, are
1 approximate agreement with those obtained by Dr. Goldenberg,
who found 2 per cent Is that right?

Goldenberg: May 1 tell you what we found later? As we became
more courageous, and increased the amounts of infused nor-epmeph-
rine, we found that the excretion increased to 4 per cent There
seems to be an increase of excretion ratio with increasmg load.
Some cases of pheochromocytoma, with paroxysmal hypertension,
who have had a single severe attack lasting for fifteen minutes only
during a 24-hour period, excrete amounts comparable with that of
a patient who has had persistent hypertension due to pheochromo-
cytoma for 24 hours. That means that if the circulation 1s suddenly
flooded with very large amounts, an even higher percentage of
excretion than 4 per cent occurs I do not think that this percentage
change would really matter in the case of work, because the total
amounts are still small and would not influence the results

Burch: Was the 15 per cent of the total amount collected over
a given period of time?

von Euler. It was 15 to 33 per cent

Burch Did you measure the blood level?

von Euler No, we have no method of measuring the blood level
unless 1t 1s very high Dr Lund, in Copenhagen, specialized m the
fluorometric method and found that during normal conditions the
level, less than 1 ug per liter, 1s too low to be estimated m penph-
eral blood. But m cases of pheochromocytoma he succeeded m
demonstrating nor-epinephrine several times, and arrived at figures
which are probably nearly correct

Moe What are those figures, approximately?

von Euler. In the one case which we observed jointly, he found
on an average, 36 ug per Iiter of plasma (42): '

Moe: What would be the expected excretion rate in such ar;
ndividual? Perhaps you have determmed this in the same manner
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von Euler Yes, we determmed the excretion rate It was about
100 ug per hour agamst the usual figure of 1 to 2 micrograms.

Moe Would you say 2 pg. per mmute?

von Euler Something hke that.

Shorr We have some observations on bloods from a few pheo-
chromocytoma patients which may be of interest We first estab-
lished, m a rat meso-appendix preparation, the threshold response
to topical application of epinephrine, and then mstead of epmeph-
rme we apphed the blood topically Samples drawn from patients
m a quiescent state were equivalent to epmephrme dilutions of
one part m three or four mlhon Bloods drawn during mduced
attacks assayed at one m one milhon or less, mndicating roughly a
three or fourfold mmcrease n whatever was giving the epmephrie-
like response, and suggesting that the meso-appendix can be used
to measure these high levels, at least approximately

Nickerson: During the past year, Dr Peacock from Bristol,
England, who was working at the University of Micligan, carried
out some epmephrnne and nor-epmephrine assays m our laboratory,
using the chromatographic method described by Crawford and
Outschoorn (35), and both fluorometric and ammal assay of the
eluates Although the figures, mn general, tended to be somewhat
higher than expected, 1.e, normal values of 1 to 2 ug per 100 ml.
of blood, the material which was obtained seemed, by all critera,
to be sympathomimetic, and the amounts obtamed correlated very
well with the responses of patients with Raynaud’s disease to cold
At least in this applhcation the procedure seemed to give a fairly
good measurement of what was gomng on m the body

Burch Do calculations of the clearance suggest that there was
reabsorption of that which filtered through the glomeruli?

Nickerson No, this work was done on peripheral blood, and on
renal vein blood obtamed by catheterization He obtamed con-
siderably higher concentrations m the latter

Burch Did calculations indicate reabsorption of large quantities?

Moe 1 thk there was about 50 per cent reabsorption from this
Copenhagen-Stockholm patient, without correction for possible
binding to plasma protemn

von Euler Of course there are the recent estimates by Weil-
Malherbe and Bone, reported at the Chemical Congress m Parrs,
m which they estimated, by means of the fluorometric method,

after condensation with ethylenediamine, the amount of catechol

ammes to be normally about 03 pg per 100 ml th
blood (43) gD m the penpheral
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Nickerson: Was this determination preceded by chromatography?

von Euler: No.

Nickerson+ This was the direct coupling reaction?

von Euler. Yes. They absorbed 1t first with an alummum hydrox-
ide to punfy it

There have also been some other observations on the output of
sympathomimetic amines in the urine. In a series of experiments,
Dr. R. Luft and I (44) showed that after msulin, 0 1 International
Unit per Kg itravenously, the output of epinephrine was increased
ten times In this case, the nor-epmephrine was not mcreased at
all. In fact, there was a small but statistically significant decrease
in nor-epmephrine This shows that there 1s a distinct difference
between the processes which determune the output of epinephrine
and of nor-epinephrine, as might be expected.

Moe. Couldn’t this just mean that the imsulin provokes a discharge
of the adrenal medulla, but not of the sympathetic system n
general?

von Euler Yes

Loewi- It is a hypothalamic stimulation, so 1t must act on the
nerves

Moe 1 agree

von Euler That's nght In msulin-resistant cases, such as acro-
megalic patients, there is no increase in the epmephrine output

Nickerson. Weil-Malherbe has published an abstract of expen-
ments 1 which he found that the admmmstration of insulm m
humans caused qute a sharp reduction 1 the amount of circulating
epmephrine (45) I am not sure how 1t fits mto the picture

von Euler. I beleve, Dr Nickerson, that what they estimated
was not epmephrme That 1s the only inference I think one could
draw Dr Weil-Malherbe himself 1s quite careful not to state that
1t 1s epmephrime He says it 1s an epmephrine-like substance which
mght mnclude not only epmephrine and nor-epinephrine but also
some other things

Nickerson 1 am not sure that the reduction 1 active matenal
in the peripheral blood, and the increase mn excretion of hydrolyz-
able material, are necessarily ncompatible with their being basically
the same substance It may be that production 1s increased but
that utlization, or conjugation, 1s mcreased even more What you
are measuring 1 the urine reflects tl.le total production, and what
is measured in the peripheral blood is the difference between pro-

duction and utilization, or mactivation
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von Euler. That seems to me hard to understand, because if
hypoglycemia leads to an increased output of epmephrine n the
suprarenal gland, I am sure 1t would show m the blood.

Loewi. Is the output 1n urine ten times the normal?

von Euler Yes These observations are 1n agreement with changes
m the circulation observed by Luft and myself, and by Ernstene
and co-workers (46) They showed that the mcrease m heart rate,
and the alterations n the diastolic and systolic pressure, would be
mn agreement with epmephrime excretion

In the acute stage of coronary thrombosis there 1s regularly
an mcreased secretion of nor-epmephrine, about two or three tumes
normal That has been found by Forssman and co-workers (47).
Luft and I found that i postural hypotension, which 1s perhaps
the first example which has any direct relation to the shock prob-
lem, the output of nor-epmephrine and epimephrine 1s very greatly
reduced In two cases, carefully observed and chnically diagnosed
and verified as true cases of postural hypotension, the output of
nor-epmephrine was reduced to about one-fifth to one-tenth of
normal, and the epmephrine was reduced i about the same way
These patients did not respond to msulin with an increased epineph-
rine secretion, or, if they did, only to a very small degree Ap-
parently, m this particular condition, the ability of the adrenergic
nervous system to produce nor-epmephrine 1s impaired to such an
extent that the vasomotors do not secrete, or do not liberate enough
of the substance

Moe Were these patients unduly sensitive to msulm?

von Euler Yes, these two were

Moe 1 suppose this was spontaneous postural hypotension and
not the result of surgical intervention?

von Euler They were both spontaneous cases

Burton May I suggest that one has to be a hittle more defimite
about postural hypotension, because there are several clinical
examples of i1t Perhaps one should call 1t classical orthostatic
hypotension, which 1s, I think, the accepted name of the type you
are speaking of There are other types m which 1t 1s due to the
pooling of blood, or to cholangiomas It would not apply there,
would 1t?

von Euler Dr Luft, with whom I have been collaborating on
this, was very careful in selecting those two cases

Stead Did they have signs of other autonomic nervous dysfunc-
tions, such as sweating and fixation of the heart rate?

von Euler. Dr. Luft told me that they did not sweat normally
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Burton: Years ago, I studied a case of classical orthostatic hypo-
tension, who had normal sweat gland responses. It 1s not necessary,
in this type of hypotension, that the sweating mechanism be
involved

Goldenberg. May 1 know the absolute values of nor-epinephrime
secretion in these two casesP

von Euler. They were less than 5 pg per 24 hours of nor-
epinephrine

Goldenberg. We found such low values in hypertensives following
thoracolumbar sympathectomy

von Euler If one 1s allowed to calculate the concentration of
nor-epmephrme 1 blood from the infusion rate, which admittedly
mvolves certamn assumptions as to the mactivation rate, one might
arrive at a figure of 1085 on mfusion of 14 pg. nor-epinephrine
per minute. If one also assumes that the relation of the blood level
and the output 1s of the same order, which may not be completely
true, then one would arrive at a figure on the order of 10°* 1n
normal penpheral blood, that 1s to say, a concentration which
would probably not have any definite achon Whereas in pheo-
chromocytoma, the concentration would be something about
1077, which would give a very marked circulatory result This
figure of 1077 1s speculative but 1t fits in quite well with figures
found by Lund Therefore, we have some degree of confidence n
the order of magmtude of these figures

Figure 28 shows the result of analyses of the urine m 500 cases,
which were chiefly essential hypertension The output in urne n
about 70 per cent of the cases was normal In the rest, about 30
per cent, there was a doubtful increase 1n the first column, and then
a defimte mcrease mn the last five columns, representing quite a
small fraction of the total number of these cases

What mnferences can be drawn from these figures I cannot say
at present They would tend to show that the level of circulating
nor-epinephrine mn the majority of cases 1s not mncreased above the

normal
Engel What percentage of normal cases gets up m the range of

the hypertensive patients?

von Euler We have not seen any normal case secreting over
86 4 ug per 24 hours These figures may appear a httle bit queer,
but they are calculated on the output per minute, 1e, 006 pg per
mlﬁll Ee case of pheochromocytoma referred to previously (42), the
urine contamed such high amounts that mjection of 01 ml of the
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Figure 28 Excretion of nor-epmephrine m urme 1 500 cases of essential
hypertension

untreated urme piroduced an effect on the cat’s blood presswme
which was clearly visible, and equal to the effect of 03 pg. of
nor-epmephrime (Figure 29) The total amount m this case was
2400 micrograms It can also be seen that the effect of epmephrine
1s of quite a different type
As a screening method, sumple injections of untreated urine may
be used On the other hand, if the excretion 1s considerably less
than 05 ug per ml, 1t mught be difficult to assay 1t i that way,
without further purification
Loewi May I come back to a question raised before? You found
that m muscular work there was quite a strong excretion of both
nor-epmephrine and epmephrine, but that mn the case of hypo-
glycemic stress, only epmephrine was excreted How do you explam
this difference?
von Euler We have tried to explain 1t this way during muscula
work, there will be a vasodilation m the working muscles, which
might be greater than the corresponding merease m flow, and there-
ore a compensatory vasoconstriction must appear 1n other parts of
the body 1n order to mamtan the blood pressure This can be seen,
for example, after exclusion of the carotid sinus and the other blood
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A B C

Ficure 29 Cat, Nembutal, Blood pressure IV ijections of untreated urine of
case of phaeochromocytoma (G P) B P 130-190 mm Hg Time 1 mm

A 0l ml urine G P

B 08 pg I-nor-epmnephnne

C 04 ug l-epmephrine
Reprinted, by permussion, from von Euler, Lund, A, Olsson, A, and Sandblom, P
Noradrenahn and adrenahn mn blood and urine 1n a case of pheochromocytoma.
Scandinav ] Clin & Lab Invest (In press )

pressure-controling mechamsms If one mnduces moderate muscular
work in a normal anesthetized ammal, there 1s no change m blood
pressure On the other hand, if one excludes these regulatory
mechanisms, the same degree of work produces a profound fall mn
blood pressure, thus showing that normally the blood pressure
homeostatic mechanisms are operating during muscular work (48).

It has also been shown that after sympathectomy 1 man, muscu-
lar work may lead to a fall in blood pressure Thus we believe that
m these cases there 1s a strong increase m the activity of the vaso-
motor nerves m certam regions, leading to mcreased formation and
excretion of nor-epmephrme, which 1s thus concerned with the
vasometer part of the reaction

Green+ Do you, by any chance, have any observations on the
output of epinephrine preceding or during migraine headaches?

von Euler- No, we have not.

RESPONSES IN VARIOUS ORGANS TO INJECTIONS
OF EPINEPHRINE AND OF NOR-EPINEPHRINE

paper of Goldenberg and his associates (49) showed

The pioneer _
P admimistered by infusion in man, raises the

that nor-epinephrine,
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systolic and diastolic blood pressure, and thus the mean pressure,
whereas 1t has been shown that epmephrne raises the systohc
pressure but may, m moderate doses, even lower the diastohc
pressure, thus leaving the mean blood piessure only shghtly -
creased

Ahlguist Dr. von Euler, I should like to put in the record the
doses, 0 11 to 0 4 pg per Kg. pex minute, winch Dr Goldenberg used,
because these small doses, by continuous ntravenous mfusion, are
dufferent from pharmacologic or physiologic doses and do not neces-
sanly produce the same type of response For example, there was
a case i Georgla, done before I went there, m which they were
measuring the arteral pressure in a human with the Hamulton
manometer The mtern madvertently gave ten times the prescribed
dose of epmephrine mtravenously, and the pressure rose to a very
high level There was typical vagal slowing, and it was difficult to
distingwish 1t from the typical epmephrine response in the more
common experimental animals Therefore, I think it 1s 1mportant
that the dose be noted

Goldenberg 1In the case you cite, do you regard the dose as
pharmacologic or physiologic?

Ahlquist. As a physiologist, I usually give more of a drug than
a pharmacologist does, so I would regard that as a physiologic dose.
It 1s common 1 the physiologic hiterature to see doses of epineph-
rme in the range of 05 mg per Kg, and up In the pharma-
cologic hiterature, with the exception of some of the classical work
on Dibenamine done by Dr Nickerson, the dose seldom approaches
that figure I think Dr Nickerson, after his work on Dibenamine,
did give large, physiologic doses of epinephrine

Haist That should be called a physiologist’s dose 1ather than a
physiologic one

Nickerson 1 belheve the major 1ssue 1s not whether there 1s a
significant difference between the action of epmephrme and nor-
epmephrme Everyone will agree to that The hidden question 1s
whether there 1s an mportant difference between the responses
of man and those of our experimental animals This has often been
mmphied, but I beheve that the major difference is due to a difference
m dosage We have studied m fifty or sixty patients the response
to 10 ug per Kg of synthetic or commeicial l-epinephrine, given
as a single, rapid, mtravenous mjection The pressor responses are
almost 1dentical with those seen with the same dose 1 cats or other
experimental animals The systolic pressure rises 40 to 60 mm , and

 emer——
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there 1s always a nse m diastolic pressure which averages about
30 mm , and a period of vagal slowing of the heart.

Ahlquist: What I had i mind was that we should not leave this
particular pomnt until 1t has been clearly established that, up to
now, there has been found no significant difference m the response
to epinephrine and related compounds among experimental animals,
whether they are dogs, cats, or humans. The differences appear to
be quantitative rather than qualitative

Goldenberg There 1s a defimte difference between man and cer-
tain anmimal species, such as the dog Whatever the range of dosage
selected m dogs, consistent hemodynamic differences cannot be
shown between epmmephrine and nor-epmephrine so far as cardiac
output and total peripheral resistance are concerned The fact that
there 1s a striking difference 1n man 1n a certain range, and it 1s a
pretty wide range, should not surprise a pharmacologist, dosage and
responses must be quantitated and over-all estimates of drug actions
cannot be given. Is the same response to digitalis over the whole
range of doses expected? One digitahs dose will mcrease the

strength of the heart, and a higher dose will cause ventricular
fibrillation

The dose range we studied was pretty wide We nfused at the
rate of 0 1 to 0 4 pg per Kg per mmute This 1s a dose which 1s well
beyond the physiologic range, although not the physiologist’s range,
because with nor-epmephrine there i1s hypertension of, let us say,
200/130 1n a normal subject, and with epmephrine a nse of systolic
pressure to about 180 mm of mercury

Concerning the actions of epmephrine and nor-epmephrine m
man under physiologic conditions, we can defimitely state that there
1s a striking difference, nor-epmephrine increases total perpheral
resistance and epmephrine mcreases cardiac output Gomg far
beyond this amount of nor-epimephrine, as i pheochromocytoma,
metabolic actions are encountered which are confined to epineph-
rme 1 the physiologic range On the other hand, the excessive
amounts of epinephrine secreted by pheochromocytomas may cause
over-all vasoconstriction. However, we are not primanly concerned
with pheochromocytoma, but with actions m the physiologic range.

Ahlquist: 1 want to challenge the statement of Dr. Goldenberg,
that 1n the dog you cannot tell the difference between the two
Later, I hope to present some data which will show that there 1s a
marked difference Tt cannot be seen, I admt, on the blood pres-
sure as recorded by the mercury manometer, nor very well on the
heart rate However, 10 certain vascular beds and smooth muscle,
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there 1s a great difference between the two I am sure Dr Green
can bear me out on that

Goldenberg 1 am happy about it What I was referrmg to were
studies by Wegria on cardiac output and the total peripheral 1esist-
ance 1 dogs. He was unable to find any difference

von Euler What seems to be of primary nterest here 1s the
change 1 the mean blood pressme by moderate doses I should
say doses within the pathophysiologic range The cardiac output,
as Dr Goldenberg already has said, 1s mcreased by some 25 or 30
per cent with epmephrine m such a dose range, whereas the output
1s not much altered by similar doses of nor-epmephrime Thus, of
course, means, as Dr Goldenberg has pomted out, that the net
action of nor-epinephrine i the body 1s one of vasoconstriction,
whereas the net result of such a dose of epmephrine 1s vasodilation
I think this difference should be stressed, because 1t appears to be
quite 2 fundamental one I know 1t 1s quite difficult to try to intro-
duce that.kind of concept to several colleagues. to say that epmeph-
rine produces a net vasodilation It produces opposition m them
because 1t 1s well known, on the authorty of every textbook, that
epmnephrine 1s a vasoconstrictor Of course, these figures, just by
plam physics, show that 1t must be a vasodilation

Knisely Dr von Euler, there 1s the work of Bauer, W., Dale,
H H, Poulsson, . T and Richards, D W (50) which shows very
clearly that in the dog epiephrine opens the outlet valves of the
hver It dilates that set of vessels Since then, there has been a
small abstract from our own laboratory showing that certamn small
sphincters, located where the sinusoids of the liver jom the central
vemns, are caused to open by certamn concentrations of epmephrine
(51) Thus, the concept of special actions of vasomotor substances
mn special anatonmcal places 1s now ready for wide investigation

von Euler The slowing effect of nor-epinephrine on the heart
rate 1s largely reflex in ongin and may not be of any primary mnterest
at the present

The effect of nor-epinephrine on the coronary vessels 1s mdeed
of mportance Figure 30 15 taken from a paper by Smith and s
co-workers (52), showimng the dilatory effect of nor-epmephrme on
the excised coronary artery This dilation even exceeds that of a
sumlar dose of epmephrine At any rate, 1t has been shown by other
techniques also that both these substances cause a dilation of the
coronary vessels In view of the picture shown earher this morming
which demonstrated that the coronary vessels do contam nor:
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there 1s always a nise m diastolic pressure which averages about
30 mm, and a period of vagal slowing of the heart

Ahlquist: What I had in mind was that we should not leave this
parbicular pomnt until it has been clearly established that, up to
now, there has been found no sigmficant difference m the response
to epmephrine and related compounds among experimental animals,
whether they are dogs, cats, or humans The differences appear to
be quantitative rather than qualitative

Goldenberg There 1s a defimte difference between man and cer-
tain ammal species, such as the dog Whatever the range of dosage
selected m dogs, consistent hemodynamic differences cannot be
shown between epmephrine and nor-epmephrine so far as cardiac
output and total peripheral resistance are concerned The fact that
there 1s a striking difference mm man 1n a certan range, and 1t is a
pretty wide range, should not surprise a pharmacologist, dosage and
responses must be quantitated and over-all estimates of drug actions
cannot be given. Is the same response to digitalis over the whole
range of doses expected? One digitalis dose will mcrease the
strength of the heart, and a higher dose will cause ventricular
fibrillation

The dose range we studied was pretty wide We mnfused at the
rate of 01 to 0 4 pg per Kg per mmnute This 1s a dose which 1s well
beyond the physiologic range, although not the physiologist’s range,
because with nor-epmephrine there 1s hypertension of, let us say,
200/130 m a normal subject, and with epmephrine a rise of systolic
pressure to about 180 mm of mercury

Concerning the actions of epmephrme and nor-epmephrine m
man under physiologic conditions, we can definitely state that there
1s a striking difference, nor-epmephrine increases total peripheral
resistance and epmephrine increases cardiac output Gomg far
beyond this amount of nor-epinephrine, as 1n pheochromocytoma,
metabolic actions are encountered which are confined to epmeph-
rnne mn the physiologic range On the other hand, the excessive
amounts of epmephrme secreted by pheochromocytomas may cause
over-all vasoconstriction However, we are not primarily concerned
with pheochromocytoma, but with actions mn the physiologic range

Ahlquist: I want to challenge the statement of Dr Goldenberg,
that m the dog you cannot tell the difference between the two.
Later, I hope to present some data which will show that there 1s a
ed difference It cannot be seen, I admit, on the blood pres-
y the mercury manometer, nor very well on the
rtain vascular beds and smooth muscle,
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heart was measured by a rotameter? In these experiments, nor-
epinephrine was found to cause a sigmificant mcrease m coronary
blood flow

Ahlquist. I have reservations regarding all methods of measuring
blood flow m the coronary system when using epmephrine or nor-
epmephrine These substances change the metabohc and muscular
activity of the myocardium. The changes, mn themselves, can make
great differences m blood flow Dr Shipley (53), and others, who
have done a great number of rotameter experiments on coronary
flow with epinephrme, will not make a positive statement one way
or the other as to whether epmephrine 1s, or 1s not, a direct coronary
dilator What I mean by direct action 1s an action not mediated
through changes 1 activity and metabolism of the myocardium

Green+ May I make one poimnt 1n regard to dosage? One micro-
gram of epmephrie ntra-arterially m the leg 1s a potent constrictor,
but 1 pug mtra-artenally 1s almost meffectual in the coronary artery
vascular bed The dose has to be mcreased to almost ten times
that amount to have an effect On the coionary circulation, epmeph-
rne tends to produce, first, a greater reduction m flow durmng
systole, and, second, dilation or increase mn flow n diastole, which
fits :n with the concept that the epmephrine vasodilation may be
secondary to myocardial stimulation rather than a direct vasodilator
effect (54).

Engel What 1s the effect of epmephrine or nor-epmephrine on
the myocardium?

Ahlgqwst- 1 do not know, but 1t makes the heart beat much harder

Engel Has this been studied by in vitro techniques? I am mter-
ested because of an observation of Burdette’s (55,56) In his studies
of the oxygen consumption of cardiac muscle m rats, subjected to
hemorrhagic or tourmquet shock, there was a striking increase m
the oxygen consumption of cardiac muscle slices soon after bleeding,
or withm the first 30 mmutes after removal of tourmquets

When I first saw these results, the question came to my mind as
to whether this could be either an epmephrine or nor-epmephrine
effect Dr Burdette was kind enough to send me some of his
unpublished data mn which he was trymg to answer this by domg
the same experiment 1n the adrenalectomized rat, and n the adrenal-
ectomized rat given a dose of epmephrme (I do not know whether
1t was commercial adrenalin or epmmephrine) In his results there
was a suggestion that the mcrease m oxygen consumption immedi-
ately after injury did not occur m the adrenalectomized animal,
but did m the amimals given a dose of epinephrine ten minutes
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epmephrine, I think 1t 1s clear that this 1s a physiologic substance
for dilating the coronary vessels

Ahlguist. Dr von Euler, do you want us to believe that what
happens to a large artery 1s the same as what happens farther out
m the vascular tree? This must be a fairly large artery which you
are describing, because to use the plethysmographic method 1t 1s
necessary to have something which you can cannulate and put fluud
mto It 1s not an arteriole, and 1t 1s not placed where I think the
flow 1s actually controlled Therefore, my personal opmion 1s that
while this 1s a very good demonstration of what a coronary artery
does, 1t 1s not a good 1illustration of what may actually be going on
farther out where coronary flow 1s determimed

von Euler 1 agree, at least in part, with what Dr Ahlquist has
said I had some reservations about saying that on the perfused
heait, also, there 1s a vasodilator effect which can be demonstrated
However, I quite admt the vahdity of the objection

Moe Also m reference to Figure 30, do you know, Dr Nickerson,
whether the pig has a rise of pressure n response to histamne?

Nickerson I do not know about the pig

Moe These are tremendous doses for the whole pig, I should think
Probably 1t 1s not a very large p1g Are these 50 gamma of epmeph-
me 1 a small volume of flud, or 50 gamma per hter?

Coldenberg May 1 ask Dr Ahlquist whether he will accept
Wegria’s experiments™ 1n which the coronary flow of the dog’s

+Wegna, R, e gl Unpubhshed data
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marked constriction that 1t 1s almost the equivalent of a coronary
artery occlusion (54 ).

Loew:: Dr. Engel earher mentioned experiments which I per-
formed ten years ago. I wonder whether 1t 15 permussible to refer to
papers more than forty years old? In 1905, O B. Meyer kept 1ngs
cut from various arteries m oxygenated Ringer’s solution and added
epmephrnne The rmgs of all the arteries were constricted, except
those from the coronary arteries, which mn most cases were dilated
(60) Later, these results weie often confirmed I dont know
whether experiments of this kind aie sthll valid

Moe That was Dr Ahlquist’s objection to the big coronary artery.
that it was a large vessel and not an aiteriole

Ahlguist I do not thmk the large arteries control the flow. I am
sure there are a Jot of things that go on in the aorta. for example,
the size of the aorta changes, but I am sure 1t does not affect mean
pressure very much. It may change the pulse contour, which we do
not want to get into here because the proponents of that are stll
arguing about what it means

von Euler. May I add just one thing? Precisely in these large
coronary arteries, nor-epmephrine was shown to be present 1n the
extracts, which probably means that they are mnervated by vaso-
motor nerves producing nor-epmephrine Perhaps it will be admitted
that nor-epmephrine 1s the predominant factor in the action of the
vasomotor nerves, and that probably m the heart its actions would
then be fauly satisfactorily hmuted.

Turning to some other types of actions of these substances, 1t may
be appropnate to look at the metabolic actions first

It has been well known for a very long time that epmephrme
acts on the metabolic process 1 various ways, as seen by 1its effect
on the blood sugar, on the blood lactic acid, on the oxygen con-
sumption, and so on The question has been whether nor-epmephrine
has more or less the same action. It seems from the data available
in the hiterature that nor-epinephrine does have a similar action,
but 1t has also been shown that 1t 1s necessary to give a somewhat
higher dose 1n order to produce the same effects.

Table XI illustrates this pomt (61). Here are hsted, somewhat
arbitranily, a few actions on metabohe processes and the substance
responsible for primanly vascular actions It should not be forgotten,
of course, that nor-epinephrine also mfluences the activity of the
smooth muscle 1n general, m such places as the mtestinal tract and
the uterus. On the other hand, epmephrime seems to act predomi-

nantly on metabolic processes which are accelerated to a higher
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before he sacrificed them. I was wondering whether there was any
precedent for behieving that there might be such a metabolic effect
of epmephrine, or nor-epmephrine, on the myocardium.

Ahlquist 1 think there are many references n the hiterature to
the fact that oxygen consumption of the heart 1s very defimtely
mcreased by very small doses

von Euler. Yes, Gremmels and others have shown that.

Engel. Is this oxygen consumption of the myocardium measured
in vitro? There 1s the problem of blood flow if the oxygen consump-
tion is measured in vivo, which might conceivably modify the
oxygen consumption.

Ahlquist: I presume 1t would occur in vitro just as well as in vivo,
because with the isolated perfused heart, which 1s supphed with
nothing but Ringer’s solution and some glucose, there will be the
same response of the heart. It 1s not necessary to have blood there,
or any oxygen, except what 1s dissolved 1n the Ringer’s solution

Green: There were several papers which showed that the effi-
ciency of the heart goes down 1n terms of oxygen consumption per
umt of work done under the influence of epmephrine (57)

Moe. That, by the way, depends very strongly on the conditions
under which the heart 1s allowed to respond to the epinephrine
If the heart 1s allowed to diminish 1n s1ze 1 response to epmephrine,
and I presume also to nor-epmephrine, the oxygen consumption 1s
not mcreased so much, the work also 1s not increased so much. If
an attempt 1s made to keep the fiber length constant, in the Starling
fashion, and an equivalent dose of epmephrine 1s given, the work
goes up enormously, and the oxygen consumption may not mcrease
i proportion as much as the work Therefore, under those condi-
tions an mcrease n the efficiency of the myocardium can result

von Euler I think it 1s Gremmels who has done some experiments
on this, and has demonstrated mn the heart a so-called wasteful
oxygen consumption after epmephrime (58)

Moe Gollwitzer-Meler has done similar experiments, with the
same results But m both cases, the volume of the heart, that 1s the

fiber length, was not controlled The heart was allowed to diminish

i size (59)
Burch. I should hke to ask a question for my own edification Is

there any rehable coronary vasoconstricting agent?
uist Pitressin
gﬁfih I had forgotten about this action of pitressmn
Green. Pitressin mnjected into a coronary artery will produce such
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degree than with similar amounts of nor-epmephrine There 15 thus
an indication of functional differentiation between the two systems.
the adrenergic sympathetic system acting through nor-epmephrine,
and the suprarenal medulla acting primarily by secretion of
epmephrine.

I am stressing this because there 1s frequentl}:‘ found 1n the
physiologic and chnical hterature the expression. “the §ympatho-
adrenal system,” which I think is rather musleading, since it seems to
imply that these two systems work parallel and produce the same
kinds of changes in the body. I do not beheve this is true They can
vary, as we know, mndependently of each other, and I think one
serves the circulatory functions primanly, and the other serves
metabolic functions

Shorr: Dr. Bradley has information regarding the striking differ-
ences in the effects of epmephrine and nor-epinephrine on the excre-
tion of sodium and potassium

von Euler- Just one further word before Dr Ahlquist gives a more
extensive review of the mechanism of action, and that is the effect
on the nervous system. It has been shown by Marrazzi, and by
others, that epmephrine inhibits the transmussion n pernpheral
synapses This effect 1s not produced by simlar doses of nor-
epmephrine, which 1s about five times less active m this respect
That would seem to mdicate that here also a metabolic process of
some kind 1s mvolved

I should Lke, too, to draw attention to the well-known fact that
the subjective effects of epmephrime and nor-epmephrine are quite

erent in man After an injection of, say, 1 mg of epmephrme,
most subjects have a pecuhar feeling of anxiety and apprehension.
After nor-epmephrine, these very charactenistic subjective feehngs
are not m evidence There may be a vague impression that some-
thing 1s going on in the circulation, but no feelngs of the kind pro-
duced by epmephrine are noticeable This may mdicate, too, that
epmephrine acts on some metabolic processes i the cortex, which
are not influenced by similar doses of nor-epmephrme

Green Could you clanfy what you meant by peripheral synapses?

von Euler Peripheral autonomic synapses, such as m the superior
cervical ganghon

Moe Ths 15 probably a ndiculous question, but I have always
been curious about the difference between epmephrine and nor-
epmephrme m regard to the feelng of apprehension Is it true that,
In severe emotional stress such as fright or extreme anger, the
adrenal medulla itself discharges? In other words, in severe emo-
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apprehension when the patient 1s under the influence of Di-
benamine?

Nickerson The effect 1s not as great, although the tachycardia
may be more pronounced. The Dibenamme certamly does not pre-
vent the apprehension, but it seems to reduce 1t.

COMPARISON, IN VARIOUS ORGANS, OF THE
RESPONSES TO INJECTIONS OF EPINEPHRINE AND
NOR-EPINEPHRINE

Ahlquist Up to now, Dr von Euler has led us along a very attrac-
tive and temptmg path to the end of the nerve He has proposed
that from the adrenergic nerves comes nor-epmephrine and that
from the adrenal medulla comes primanly epmephrine, subject to
species variation as he has shown I should like to make an approach
from the other end, starting from the effector cell and working back
from the neuro-effector junction to see if we come out with the
same answer

Furst, a defimtion of terms 1s appropnate, so that we all under-
stand that we are talking about the same thing Dr von Euler has
faithfully tred to use the terms epinephrine and nor-epmephrine,
rather than adrenahin and nor-adrenalin I shall speak of epinephrine
and “arterenol,” arterenol being the name for nor-epmephrine which
I prefer When 1 speak of arterenol, unless 1t 1s qualified definitely,
I am speaking of synthetic levo-arterenol bitartrate made by
Winthrop-Stearns Epinephrme 1s the synthetic levorotatory bi-
tartrate

As a very brief mtroduction, I should like to bring you up to date
on what we have done 1n the past (63) In Figure 31 are shown
five sympathomimetic amimmes and their chemical relationships
arterenol (nor-epmephrine), a compound I call methylarterenol,
which is also known as Cobefrine, epmephrine, a compound which
I call simply methylepimephrine, and finally, N-1sopropylarterenol,
known also as 1sopropylnorepinephrine, Isuprel, or Aludrine These
were used m their raceme forms because three of them are not yet
available in their levorotatory forms They were first compared m
arteral pressure on dogs, cats, and rabbats They were also compared
on 1solated vascular beds, as shown m Figure 32

This Figure shows the peripheral resistance plotted agamst time
There 1s first a companson m the renal artery At the arrow, the
ammes were given intra-artenally, vasoconstriction 1s indicated by
zta};eansstz 111121 ptzlripheral resistance The l-epmephrine, which was used

ard throughout, gave the greatest mcrease in peripheral
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tional stress, will there be an outpouring of epmephrine itself,
whereas 1 response to ordinary circulatory stresses, such as a change
m posture, will the carotid reflexes, governing the adrenergic con-
strictors which hibeirate nor-epinephrine be evoked? Any individual
~ature enough to serve as a subject for the administration of laige

doses of nor-epmephrme, would certainly, at one time or another, or
at many times, have been exposed to severe emotional or frightening
situations And I wonder if the cardiovascular picture produced by
epmephrime mught not evoke, as a sort of conditioned reflex, the
feeling of apprehension

von Euler The experiments by Dr Cannon, and his co-workers,
have clearly shown that durmmg fright, or other kinds of severe
emotional stress, there 1s an increased output of epmephrine Every-
body who has had the experience of an intramuscular, or even
mtravenous, mjection of epinephrine, remembers that very pecular
and disagreeable feeling The subject probably states that he feels
very much the same as he would feel if he had been driving a car
and had just narrowly escaped an accident

Remington Do you think that 1t 1s any more than the feeling of
palpitation?

von Euler. Definitely It 1s something which can hardly be de-
scribed As Dr Moe pomts out, even the strong vascular reflexes,
attended by a great number of impulses in vasomotor nerves, would
not produce that kind of subjective feehng

Burton This subjective feeling 1s not present during heavy exer-
cise, 1s 1t? That 1s rather curious

Remington. Perhaps not during the exercise However, 1t would
appear immediately afterward, while the tachycardia still persisted,
and there was nothing to distract the attention

Goldenberg. Hemodynamic studies were done on patients who
were mildly frightened I think they were done 1 your department,
Dr. Stead, by Dr. Hickam (62) These patients showed the same
circulatory changes as though they had been given epinephrme- an
increase 1 pulse rate and a drop 1 total peripheral resistance.

Nickerson- I have a feeling that the cardiac response, although
it is probably not the only factor, 15 1mportant in producing the
subjective reaction We have observed this subjective response in
hypertensive patients who were given Dibenzyline and developed
o marked orthostatic hypotension with tachycardia If the tachy-
cardia was prevented with a gangliome blocking agent, the feeling

hension was much reduced
of ;14130]5;1:6 Does a large dose of epmnephrme produce a feeling of
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apprehension when the patient 1s under the imfluence of Di-
benamine?

Nickerson The effect 1s not as great, although the tachycardia
may be more pronounced The Dibenamne certamnly does not pre-
vent the apprehension, but 1t seems to reduce 1t

COMPARISON, IN VARIOUS ORGANS, OF THE
RESPONSES TO INJECTIONS OF EPINEPHRINE AND
NOR-EPINEPHRINE

Ahlguist Up to now, Dr von Euler has led us along a very attrac-
tive and temptmg path to the end of the nerve He has proposed
that from the adrenergic nerves comes nor-epmephrine and that
from the adrenal medulla comes primarily epmephrime, subject to
species variation as he has shown I should like to make an approach
from the other end, starting from the effector cell and working back
from the neuro-effector junction to see if we come out with the
same answer

Furst, a defimtion of terms 1s appropriate, so that we all under-
stand that we are talking about the same thing Dr von Euler has
farthfully tried to use the terms epmephrine and nor-epmephrine,
rather than adrenalin and nor-adrenalin I shall speak of epmephrine
and “arterenol,” arterenol being the name for nor-epinephrine which
I prefer When I speak of arterenol, unless 1t 1s qualified definitely,
I am speaking of synthetic levo-arterenol bitartrate made by
Winthrop-Stearns Epinephrine 1s the synthetic levorotatory bi-
tartrate

As a very brief mtroduction, I should like to bring you up to date
on what we have done mn the past (63) In Figure 31 are shown
five sympathomimetic amines and therr chemical relationships
arterenol (nor-epmephrine), a compound I call methylarterenol,
which 1s also known as Cobefrine, epinephrine, a compound which
I call simply methylepmephrine, and finally, N-sopropylarterenol,
known also as 1sopropylnorepmephrine, Isuprel, or Aludrme These
were used 1n their racemic forms because three of them are not yet
available 1 their levorotatory forms They were first compared in
artenal pressure on dogs, cats, and rabbits They were also compared
on 1solated vascular beds, as shown m Figure 32

This Figure shows the peripheral resistance plotted against time
There 1s first a comparison 1 the renal artery At the arrow, the
ammes were given intra-artenally, vasoconstriction 1s indicated by
the nise m peripheral resistance The l-epmephrime, which was used
as a standard throughout, gave the greatest mncrease m peripheral
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Ficurc 81 The chemical relationship of the sympathommetic ammes most closely
related to epmephrine

resistance The racemic epinephrine was second, arterenol was third,
and methylarterenol was fourth. Methylepmmephrine and N-1so-
propylarterenol had little effect on the peripheral resistance n the
kidney

In the mesenteric artery, ignoring the l-epmephrine, epmephrine
and arterenol were about equal In the femoral artery, a much
greater difference was seen With epmephrine, the primary vaso-
constriction was followed by a secondary vasodilation, but with
arterenol there was no secondary dilation The methylepinephrine
and N-sopropylarterenol, produced typical vasodilation mn the
femoral artery.

Table XII summanzes the earher work Here the ammes are
arranged m the order of their comparative activity The most active
are to the left, the least active to the right Vasoconstriction, as
judged from renal resistance in the dog and arterial pressure mn the
rabbit, uterine excitation, i rabbit uterus mainly, the effects on the
nicttating membrane and dilator pupillae m the cat, ureteral con-
striction, which I know some will object to, determined i the mtact
rabbit; and mtestmal mhibition m dogs, cats, and rabbuts, all follow
the same order of activity The effects histed at the bottom of the
Table vasodilation, judged by the arterial pressure response after
an adrenergic blocking agent, and by the secondary effect i the
femoral bed; uterme mhibition in the rat, gumnea pig, and virgin cat,
and myocardlal excitation, determined on the perfused rabbit heart,
and on the pulse contour of the dog, follow a different order of

activity
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Figure 32 Comparative actions of the amines on vasomotor resistance (VR) m the

renal, mesenteric and femoral vascular beds of dogs Ordinates VR plotted loganth-

mically for convemence only (VR == Pressure m mm Hg-20/blood flow 1

ml /mm ), abscissae, time marks at 10 second intervals The ames were mjected
wntra-artenally as 0 1 ml of the concentration shown Reprnnted, by permssion, from,

ﬁgl;léjlsh R P, A study of the adrenotropic receptors Am ] Physiol. 153, 586
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When I found these two orders of activity, I proposed the exist-
ence of two adrenotropic receptors, through which the sympatho-
mmehc substance acts on the effectors Some sort of receptive
mechanism must be postulated because the muscles are anatomically
similar, the nerves ale anatomically simlar, but a different response
15 obtamed from nerves gomg to one muscle and nerves gomg to
another muscle This receptive mechanism 1s an old concept, mtro-
duced by Dale (64) about fifty years ago. For want of better terms,
I called these the alpha and beta 1eceptors, the alpha all bemng
excitatory with the exception of the gut, the beta all being mhibitory
with the exception of the heart It 1s questionable wheie the intes-
tmal mhibition should go It doesn’t go with vasodilation, or uterme
mhibition. And 1t 1s also questionable where myocardial excitation
belongs It obviously doesn’t belong with vasoconstriction and that
group It may be that there are more than two kinds of receptors
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Ficure 33 Artenal pressure and splemc contraction m the dog Tmme breaks at

llé)h_:sggggsll;xtervals Dose, 1 = 001 ml of M/1000 solution/Kgm admmstered

. The next four Figures 1llustrate the maimn thesis I wish to discuss
Tilgure 33 15 a record of the artenal pressure and splenic contraction *
€ contraction of the spleen 1s recorded by a “difficult” method

*The studies .
Assocbon. T :: levo-arterenol were supported by a grant from the Amencan Heart
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very easy to see, the spleen contracts until it 1s obvious that 1t can-
not get any smaller. Therefore, the 100 per cent mark 1s easy to
determme The exact comparison between the epmephrine and
arterenol depends on where they happen to be on the slopes Near
the bottom of the slopes, the epinephrine 1s about five times more
active than arterenol A httle farther up on the slopes, 1t 1s ten times
more active In the region where maximal contraction with epmeph-
rne 1s obtamed, the epmephrme 1s mfinitely more active than
arterenol In fact, I have not yet obtamed a maximal contraction of
the spleen with mtravenous arterenol
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Ficure 35 The comparative effects of intravenous epinephrine and arterenol on
renal blood flow and resistance For explanation see text

Figure 85 shows a similar study, but one done on renal blood flow
The records at the top of the Figure are examples of the actual
records, but they have been clarified to make a better picture The
dotted hine represents the approximate mean renal arterial pressure
(mm Hg) as determuned from an optical record, which can be
seen faintly under the dotted lme The next hine up 1s the renal
arterial flow (ml per min ), and those top little marks are urimne
drops as collected from the renal pelvis It can be seen that there
15 a difference m the shape of the flow curves, epmephrine 1s to the
left and an equimolar dose of arterenol to the nght

Shorr What 1s the time relationship?

Ahlquist There are famt breaks on the pressure record at ten
second mtervals, about eighty seconds of the record are illustrated
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The usual one 1s to put the spleen 1 an oncometer and measure the
volume changes. In the present method, the spleen is exteriornized
through a midline incision in the abdomen and the spleen laid on a
plastic plate. One edge of the spleen is fixed to the plate, a string
from the other edge runs to a lever As the spleen contracts, one gets
a record as from any other smooth muscle The dose of epmephrine
or arterenol administered is based on what we call a “standard dose,”
which 15 0 01 ml of M/1000 solution per kilogram. Several epieph-
rine and aiterenol doses are illustrated to show that there 1s a
difference m the response. With the arterenol doses, the arterial
pressure rises higher, which mght prevent the spleen from con-
tracting However, we have studied enough dogs to know that by
this method the size of the spleen 1s more or less independent of the
arterial pressue

SPLEEM CONTRACTION = Percent of daximm,

loz 0105 0'1 L o' ! ! ! —
o 0 0.25 L 10 9
Donl-ooi + H/1000 soln / Xgm, 5 0 25 50

Ficure 34 The dose-effect comparisons of epmephrine and arterenol on the spleen
Average results obtamned from six dogs

Figure 84 is a prehminary draft of the splenic dose-effect com-
parison 1n several ammmals The dosage 1s on the abscissae on a
logarithmic scale, the 10 mndicates the standard dose, as just men-
tioned The spleen contraction 1s expressed as per cent of the
maximum contraction of that spleen The maximal contraction 1s
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very easy to see, the spleen contracts until 1t is obvious that it can-
not get any smaller Therefore, the 100 per cent mark 1s easy to
determme The exact comparison between the epmephrme and
arterenol depends on where they happen to be on the slopes Near
the bottom of the slopes, the epmephrine 1s about five times more
active than arterenol A hittle farther up on the slopes, 1t 1s ten times
more active In the region wheie maximal contraction with epmeph-
rmne 15 obtamned, the epmephrme 1s mnfinitely more active than
arterenol In fact, I have not yet obtamed a maximal contraction of
the spleen with mtravenous arterenol
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Ficore 35 The comparative effects of mntravenous epmephrine and arterenol on
renal blood flow and resistance. For explanation see text

Figure 35 shows a similar study, but one done on renal blood flow
The records at the top of the Figure are examples of the actual
records, but they have been clarified to make a better picture The
dotted lme represents the appioximate mean renal arterial pressure
(mm Hg) as determimed from an optical record, which can be
seen fantly under the dotted hne The next line up 1s the renal
arterial low (ml per mm ), and those top little marks are urine
drops as collected from the renal pelvis It can be seen that there
1s a difference 1n the shape of the flow curves, epmephrine 1s to the
left and an equimolar dose of arterenol to the right

Shorr What 1s the time relationship?

Ahlquist There are fant breaks on the pressure record at ten
second 1ntervals, about eighty seconds of the record are illustrated
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Below the records is a table giving the mtravenous dose admm-
istered, the dogs used in the experiments, the pressure and flow
values (first column) for the control periods® and for the periods
of mmimum flow®, and the penpheral resistance (second column)
at these pomnts. The peripheral resistance 1s the ratio of the pressure
to the flow. The flow first increases, due to the rise mm piessure
since the flowmeter 1s in the renal artery. The flow increases until
the drug gets through the flow meter and mto the kidney, then
the renal constiiction occurs In all cases, comparing equumolar
doses, the epmephrine 1s a much more potent renal constrictor
than arterenol. This 1s also apparent in the urine flow. The urine
output 1s dimumished much more with the epmephrine than with
the arterenol

P F .
006 & 786 by
: M%

t  ARTERENOL
P F
agithiy
100 et ——e
AR
* EPINEPHRINE

Frcure 36 The comparative effects of intra-arterial epmephrine and arterenol on
renal blood flow Pressure (P) in mm Hg, Flow (F) in ml /min At the arrows,
equimolar doses admimstered

Figure 36 shows what happens if the drugs are injected mto the
renal artery. These are equumolar doses, equivalent to about one
microgram Smce these are injected mto the renal artery, the vaso-
constriction occurs at once With arterenol, the flow drops to zero,
then returns to normal within a period of fifty seconds With the
same dose of epmephrine, the flow drops to zero, and stays there.
With the rotameter, one 1s never sure about the lower one or two
mulliliters per mmute flow, but as far as one can tell, 1t 1s approxi-
mately zero Although we were not recording the urme flow m ths
animal, there would be no urime produced during the period of
Coﬁ?gge examnes all of the data about the comparative effec-
tiveness of epmephrme and arterenol, it becomes obvious that
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there is a general rule relating the potency of the two compounds.
That general rule 1s. Epmephrine 1s more potent than arterenol.
The principal exceptions to this rule at the present time are the
comparative actions on the heart and intestine i various species.
The human heart, as shown by the rate and output, presumably
follows the rule quite well However, in the open-chest dogs,
arterenol 1s apparently more active than epinephrmme. On some
perfused heart preparations, arterenol 1s presumably moie active.
It 1s very difficult to determune whether these are real exceptions.
If T had time, I could go mto some of the criticisms of the usual
perfused heart preparations in which 1t can be shown that there
are physical reasons why arterenol usually appears to be more
potent than epimephrine when, i actuality, 1t may not be

On the rat colon, work which has been pubhshed by Gaddum
(65), and others, shows that arterenol 1s sometimes moie active
than epmephrine m relaxing this structure However, therr results
are open to question, not as to what occurs, but as to thewr in vivo
sigmficance. These workers used a low calctum bath at a low tem-
perature, and deternuned the spasmolytic potency of the amime
agamst acetylcholine On the gut in general, espeaally in vivo m
the dog, rabbit, or cat, which are the three I have used, epinephrine
1 more active than arterenol, but not much more active

The chief question that I should hke to raise m your minds is
this. Since epmephrme 15 more potent than arterenol, 1s arterenol
(which 15 found 1n the greater amount) or epmephrine (which
1s found 1n the lesser amount) the mediator? Take the spleen, for
example On the spleen, arterenol has only about ten per cent of
the activity of epmephrine According to Dr von Euler’s work, mn
the splenic nerve there is about ten per cent, or less, of epinephrne
Therefore, according to a rough calculation, the same response 1s
found whether 1t is the 90 per cent arterenol which is contracting
the spleen, or whether 1t is the 10 per cent epinephrine in the nerve
which is contracting the spleen. I feel that until we have more
wformation we cannot accept without question the proposal that
nor-epmephrine 1s the mediator, because 1t 15 perfectly possible
that the trace of epmephrine — 1 some cases 1t 1s not a trace, it is
a significant amount —1s the mediator

This brings us to the mam anatomical site which has been ques-
txonfed the neuro-effector junction. What goes on at the nerve
ending? Does epmephrine (or arterenol) come from the nerve end
and act on the muscle? Do they act in such a way that the exact
mediator or mechamsm cannot be determined?
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von Euler: In the splenic nerve, the epinephrine content 1s ex-
tremely low. I said that m nerves in general 1t would not exceed
5 to 10 per cent. As a matter of fact, mn the splenic nerve our
figures have been around 2 per cent.

Ahlquist: Yet, as shown n Figure 84, you cannot get a maximal
splenic contraction artificially with nor-epinephrine, but you can
do it easily with epinephrine. So we still come back to the question
of what really happens m this place that we cannot get at. the
nerve endmg, the neuro-effector junction?

Eprror’s Note: Dr Ahlquist had the following comment to add
after the Conference.

Dr. von Euler has shown that, while the splenic nerve contans not
more than about 3 per cent epinephrine, the spleen itself may contan
up to 20 per cent It 1s perhaps reasonable, therefore, to assume that
the concentration of epmnephrine at the nerve ending could be about
10 per cent.

Nickerson: It 1s possible that the adrenergic mediator 1s not the
same at all loci. Because of the hmitations of the available tech-
niques, we speak of mixtures of epinephrine and nor-epinephrine
m nerves and tissues without really implying whether these reflect
mixtures of mediators within nerve fibers, or mixtures of nerve
fibers with different mediators It 1s only a straw m the wind with
respect to this question, but I was quite impressed by a paper by
Downman 1n a recent issue of the Journal of Physiology (66), m
which he showed rather nicely that the areas of intestinal 1elaxa-
tion, and the areas of vasoconstriction, are not the same following
stmulation of a single mesenteric nerve bundle In other words,
the nerve fibers coming i through one of the arcades produce
relaxation m an area somewhat different from that mn which they
produce vasoconstrichon This mdicates rather directly that the
fibers subserving these two functions are different The mediator
may also be different

Selkurt. There 1s another mnteresting phenomenon that could be
mtroduced here, I think, and that is the imncreased semsitivity to
the action of these drugs when the organ 1s denervated I wonder
if 1t might not be appropnate to mtroduce at least one Figure to
show the difference m response of the normal kidney, and the
organ which 1s denervated This 1s work done by Dr Robert M
Berne (67) of our department

Figure 37 15 a group summary of about 13 dogs showmg the
means of the responses under anesthesia Most of the ammals were
under pentobarbltal anesthesia, but a few were under chloralose
This Figure compares commercial epmephrne, l-epmmephrine and
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Ficure 37 Showmng the effects of commercial epinephrine (C E ), l-epmephrme
and l-arterenol on renal function Sohid bars nerves mtact, hollow bars denervated
kidney RPF renal plasma flow (PAH clearance); GFR glomerular filiration rate
(creatimine clea:anceg, FF filtration fraction, (ratio of creattmne over PAH clear-
ance) Ry renal resistance, Uy,V urmnary excrebon of sodium, V urme volume

nor-epmephrine 1 terms of per cent deviations from the control
for R P F, the renal plasma flow, G F. R, the glomerular filtra-
tion rate, F F, the ratio of the latter to the former, the fltration
fraction; and Rg, which 1s the total renal resistance. We have data
on the breakdown of the renal vascular components, but this Figure
gives only the total renal resistance In addition, there are, I think,
some phenomena which are of interest because of the effect of
these hormones on the excretion of sodium and urine volume. The
sohd columns represent the response of the mmervated kidney.
The open ones are the responses of the kidney which had been
denervated. I mght add that the clearances were done at mtervals
ranging from 9 to 45 days after the nerves had been completely
removed from one kidney

To continue with what Dr Ahlquist has said, renal resistance
goes up with the reduction of R P F In the normal structure,
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von Euler: In the splenic nerve, the epinephrine content 1s ex-
tremely low. I said that in nerves in general 1t would not exceed
5 to 10 per cent. As a matter of fact, in the splenic nerve our
figures have been around 2 per cent.

Ahlquist. Yet, as shown m Figure 34, you cannot get a maximal
splenic contraction artificially with nor-epmephrine, but you can
do 1t easily with epmephrine So we still come back to the question
of what really happens mn this place that we cannot get at. the
nerve ending, the neuro-effector junction?

Eprror’s Note: Dr. Ahlquist had the following comment to add
after the Conference.

Dr von Euler has shown that, while the splenic nerve contains not
more than about 3 per cent epinephrnine, the spleen itself may contamn
up to 20 per cent It 1s perhaps reasonable, therefore, to assume that
the concentration of epinephrine at the nerve ending could be about
10 per cent

Nickerson. It 1s possible that the adrenergic mediator 1s not the
same at all loc1 Because of the limitations of the available tech-
niques, we speak of mixtures of epmephrme and nor-epmmephrine
in nerves and tissues without really implying whether these reflect
mixtures of mediators within nerve fibers, or mixtures of nerve
fibers with different mediators It 1s only a straw in the wind with
respect to this question, but I was quite impressed by a paper by
Downman m a recent issue of the Journal of Physwlogy (66), in
which he showed rather nmicely that the areas of intestinal relaxa-
tion, and the areas of vasoconstriction, are not the same followmg
stimulation of a smgle mesenteric nerve bundle In other words,
the nerve fibers commg m through one of the arcades produce
relaxabion 1 an area somewhat different from that in which they
produce vasoconstrichon This imndicates rather directly that the
fibers subserving these two functions are different. The mediator
may also be different

Selkurt There 1s another interesting phenomenon that could be
mtroduced here, I think, and that 1s the mcreased sensitivity to
the action of these drugs when the organ 1s denervated I wonder
of 1t mght not be appropriate to mtroduce at least one Figure to
show the difference m response of the normal kidney, and the
organ which 15 denervated This 1s work done by Dr Robert M.
Berne (67) of our department

Figure 37 is a group summary of about 13 dogs showmng the
means of the responses under anesthesia Most of the ammals were
under pentobarb1tal anesthesia, but a few were under chloralose
This Figure compares commercial epmephrine, [-epmephrine and
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Ficure 88 Depression of sodium excretion by l-epmephrine (circles), by I-nor-
epmephrne (triangles), and commercial epmephrine (psquares) m the face of increase
In tubular load in the normal (open symbols)

neys Reprinted, by permission, from Berne, R M, Hoffman, W X, Jr, Kagan,
A, and Levy, M N~ Response of the normal denervated kidney to l-epinephrine
and l-nor-epinephrine Am ] Physiol 171, 564 (1952)

and denervated (sohd symbols)

the sodium excretion, which 1s along the ordmnate It includes all
the expermments mn the entire senies in which there were increases
in load, or at least no decrease in load, since the renal physiologists
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mcreased renal resistance 1s exphcitly m favor of epmephrine,
although I don’t think the differences are as great as his data show
However, one 1s struck with the fact that the kidney without the
nerves responds to a much gieater extent, and under these circum-
stances, apparently, arteienol creates the greater response. The
constriction 1s greatest m the denervated kidney i response to
arterenol.

With regard to the other data, I don’t think they are particularly
relevant, except that they show on the aveiage a fall m filtration
rate that 1s related to the vasoconstriction That, of course, 1s greater
m the denervated than i the normal kidney.

The excretion of sodium 1s particularly mteresting to us because
1t ;mndicates another function of the hormones that has been touched
on, ie, the problem of hormonal influence on tubular functon,
aside from hemodynamic changes. Indeed, the excretion of sodium
may be depressed even while the sodium load (product of plasma
sodium concentiation times the glomerular filtration rate) stays
the same or goes up, so that there 1s enhanced tubulai reabsorption
of sodium as a more or less specific response to the action of these
particular hormones As can be seen, 1t goes on m connection with
all three of these types of preparations The effect 1s more marked
i the denervated kidney, where 1t 1s greater 1n response to arterenol
The urme volume roughly parallels the change in sodium excretion,
and our feeling 1s that it follows on an obhgatory osmotic basis
the alteration i sodium excretion The thing that I wanted to
emphasize 1s, of course, the effect of denervation, which most strik-
mgly enhances the effect of these drugs I mught add, too, that the
hormones were given by contimuous infusion mn doses of 1 to 2 ug
per minute per kilogram, which 1s a physiologist’s dose and 1s some-
what high, I think, compared to what we have heard about

Burton Would you mterpret these changes as another case of
Cannon’s sensihization idea?

Selkurt. Yes, 1t 1s a sensibization phenomenon But the mteresting
thing 1s that the sensitivity not only extends to vascular phenomena
but to the problem of sodium reabsorption, which I think 1s worth
considering

Moe Are you certam, Dr Selkurt, that these changes m sodium
and water excretions could not possibly be due to a redistribution
of blood flow?

Selkurt One thing I can say 1s that 1t 15 not due to reduced blood
flow Figure 38 relates to sodium load, which 1s given along the

abscissa in terms of per cent of the control, as compared with
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Ficure 38 Depression of sodium excretion by l-epmephrme (circles), by I-nor-
epmeghnne {tnangles), and commercial epmephrine (squares) 1n the face of mcrease
m ta

ular load i the normal {open symbols) and denervated (solid symbols)
hdneys Reprinted, by permission, fl?rom Bermne, R M, Hoffman, W K, Jr, Kagan,

A, and Levy, M N Response of the normal denervated kidney to l-epinephrine
and l-nor-epinephrine Am ] Physiol 171, 564 (1952)

the sodium excretion, which 1s along the ordinate. It mcludes all
the experiments in the entire series in which there were mcreases
n load, or at least no decrease in load, smce the renal physiologsts
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are aware of the fact that reduced load may be an important factor
m modifymng sodium reabsorption. The hne with maximum slope
represents a group of about a dozen experiments imn which these
drops in excretion occurred, with either small mcreases m load or
no change.

I think the important problem here, i terms of the electrolyte
phenomena, is whether the load 1s reduced If we can rule that
out, I think we can safely say 1t 1s probably a tubular phenomenon.

Ussing. We have been working with the 1solated frog skin, study-
ing the active transport of sodium mward which this organ per-
forms The frog skin responds wviolently to epmephrine The
resistance to sodium movement drops At the same time, what we
call the electromotive force of the sodium transport drops, too
That 1s, the force available to drive sodium thiough decreases In
so far as organs like the tubule and the frog skin can be compared,
that would be in accord with the view that there could be a direct
effect of epinephrine upon sodium reabsorption

Nickerson. Do I mterpret your data correctly as indicating, at
least 1n the denervated kidney, that nor-epmephrine rather than
epmephrine 1s the more potent with respect to what we must
consider to be a metabohic function?

Selkurt. That 1s nnght I mught add that actually, in terms of
over-all renal resistance, 1t appears (67) that nor-epinephrme 1s
more effective than epinephrine n increasing that resistance m
the denervated kidney In the mnervated kidney they seem to be
about equal In other words 1t seems to be true, m a sense, not
only for the sodium mechanism 1 both groups of dogs, but for the
vascular, That difference 1s not so great in the normal kidney

Burch. I should like to ask Dr Ussing 1f his studies on the frog
skin indicate that these two agents might interfere with the amount
of sodium that filters through, assuming, of course, that the rate of
fltration of sodium 1s essentially correct as mdicated

Selkurt It would be a question of whether 1t would mnterfere
with the diffusion of sodum through the membranes But if our
Gltration rate 1s right, we must assume that sodium will pass equally

wickly.
: Ussing. Yes, that 1s right
Stead. 1 should like to ask if there was a reduction 1in the excre-
tion of ;odlum at the time that the blood flow was measured
Selkurt. Yes 1 am not resting my argument so much on the

alteration m blood flow Your question imphes that even though
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fliration rate was mamtained, theie was some continuous reduction
m flow that mmght have had a bearing on sodium excretion.

Stead: Yes.

Selkurt- The over-all data that apply to the filtration fraction
showed that 1t went up m the kidneys with mtact nerves, which
mdicated that there was a more marked effect on plasma flow than
on fltration rate This would tend to answer your question n the
affirmative, although I don’t know what bearing 1t would have on
the urme flow In other words, in these experiments the plasma flow
1s apparently more reduced than filtration, but the crux of the
argument concerning the relationship of tubular reabsorption to
the load 1s not changed. If total blood flow depreciation has an
mfluence on sodium reabsorption, I dont know offhand what this
mfluence might be.

Stead: I just wonder whether the speed of blood flow surrounding
the tubules has any effect on the composition of the urine I think
1t 1s a fair question to ask, I don’t know what the answer 1s

Knisely May 1 ask a question which may affect some of the
mterpretations? Two general classes of chemical reactions may be
considered, one stoichiometric reaction In such reactions two
molecules come together and react with each other forming, let
us say, a precipitate The other we might call enzymatic reactions
It 1s conceivable that one class of molecule m the system of reaction
may be used over and over again.

Suppose that a molecule of, say, epinephrine or nor-epinephrine
were used up stoichiometrically at the junction of, say, a nerve
endng and a muscle If the reaction were stoichiometric, the
molecule of free epmephrine, or nor-epmephrine, would not then
reappear 1 the blood down stream from that myoneural junction

If, on the other hand, the molecule of epinephrine or nor-epmeph-
rine operated as a part of some enzyme system, then the molecule
could carry out 1ts physiological function at the myoneural junction
and be released, and would appear later down stream in blood
coming from that region

Is there any mnformation today which would settle the question
of whether we are measuring simply those molecules not bemg
used up 1 the reaction at the myoneural junction, or whether we
are measuring molecules which participate mn reactions and are
then released?

von Euler I don’t think there 15 any specific knowledge on that
subject, but T think one might imagine that the molecules found,
so to speak, mn the blood stream, are those which have escaped
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cessively increasing doses of one of the adrenergic blocking drugs.
The antiadrenergic drugs used m tlus study were Priscoline, Regi-
tine (C-7337) and Ihdar (RO2-3248) (see Figure 41) The latter
1s structurally quite similar to Dibenamine, except that 1t 1s water
soluble and 1ts action 1s more rapid n onset, and of shorter duration

Figure 42 shows the normal constrictor response in muscle to the
mjection of l-epmephrine After an appropriate dose of the anti-
adrenergic drug, a pure and maiked vasodilator response follows
this dose of epmephrme If the dose of the antiadrenergic drug 1s
mcreased to very large doses, eventually the dilator response can
be blocked, however, the dose of the blocking drug must be m-
creased to about 100 times the epinephrine reversing dose to pro-
duce this effect

Figuie 43 shows the response m skin to the same dose of epmeph-
rine and to doses of Priscobne comparable to those used in muscle
Epmephrine per se produced a vasoconstriction m skin similar to
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that noted 1n muscle. When mcreasing doses of the blocking drug
were given, there was simply a progressive decrease m constriction
with no vasodilation, erther primary or secondary These differences
n response represent a fundamental difference between these two
vascular beds (69,70)

Moe. I mught say, before you go on, that the kidney 15 much like
the skin 1 this respect

Gireen With I-nor-epinephrine in muscle, a typical constriction
was agam found (Figure 44) In a few of the animals, there was a
secondary vasodilation such as was obtamned with [-epmephrine
When the blocking drug was given, however, no conversion of the
response to vasodilation was noted, the only change was a progres-
sive decrease m the degree of constriction

Stead What was the time on that?

Green The times are marked by the vertical arcs. 7 5 seconds
elapse between each arc Mmute ntervals are marked by the signal
at the bottom and aie idicated by the figures near the bottom of
the record

Stead: Could that vasodilation be mamntaned i the muscle?

Green: 1 think with either a continuous mfusion, or with a larger
dose of epmephrine, 1t could be, the larger doses after the blocking
drugs cause quite prolonged vasodilation m dogs

Stead 1 mean before the block

Green. Are you referring to the secondary dilation?

Stead Yes

Green 1 don’t know If the drug 1s given mtravenously, there
may be temporary or small early dilation, followed by a prolonged
vasoconstriction

Moe Are you comparing epmephrime and nor-epmephrime 1n
hyperreactors and hyporeactors?

Green In about half of the experiments, there was a secondary
phase of dilation after the mitial constrictor response to epmeph-
rme and before admmistration of the blocking drug We classified
the muscle experiments mnto hyperreactors m the presence of a
s%condary dilator response to epmephrine, and hyporeactors m 1ts
absence

Moe Ths 1s no more than what might be expected after a period
of one minute of almost zero flow?

Green The vasodilation that follows a comparable period of
reduced flow, produced by mechanical compression at the blood
vessel, 1s usually much less 1n magnitude, and shorter in duration
than that which follows an intra-arterial mjection of eplnephnne,
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cessively mncreasing doses of one of the adrenergic blocking drugs.
The antiadrenergic drugs used n this study were Priscoline, Reg-
tine (C-7337) and Ihdar (RO2-3248) (see Figure 41) The latter
is structurally quite sitmilar to Dibenamine, except that it 1s water
soluble and 1ts action 1s moie rapid in onset, and of shorter duration

Figure 42 shows the normal constrictor response in muscle to the
mjection of l-epmephrine After an appropniate dose of the ant-
adrenergic drug, a pure and marked vasodilator response follows
this dose of epmephrine If the dose of the antiadrenergic drug 1s
mcreased to very large doses, eventually the dilator response can
be blocked, however, the dose of the blocking drug must be -
creased to about 100 times the epinephrine reversing dose to pro-
duce this effect.

Figure 43 shows the response 1n skin to the same dose of epmeph-
1me and to doses of Priscoline comparable to those used 1 muscle
Epmephrine per se produced a vasoconstriction i skin similar to
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It 1s probable that the secondary vasodilation does not represent
reactive hyperemia (see Figures 39 and 40).

Moe Could it be a reactive hyperemia antagomzed by nor-
epmephrme still present m the system?

Green The secondary dilation is present only m about half of
the ammals, whereas the 1esponse to 1schemia occurs m all muscle
preparations
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FfIGURE 45 Flow responses mm a cutaneous vascular bed to intra-arterial mjections

% nslcolp;ngren Sof l-nor—epmephgme l%gfore 82:11 agam fs&er, ntra-arterial imjections of
ame expenment as Figure See also legend to F

absence of primary dilator response g o Tigure 43 Note

Figure 45 shows the response in skin to nor-epmephrine. The
mitial response 1s pure constriction The constriction 1s blocked by
the mcreasmng doses of the blocking drug with no conversion to a
dilator phase

To summarize bitefly, nor-epmephrine and neosynephrine, which
I do not have time to discuss, both cause pure constiiction m skin;
this constriction is giadually abolished by the blocking diug In
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mostly in terms of speafiaty and accuiacy. These techmiques
measure not only the oxygen which replaces the substrate’s ammo
group, but also the oxygen which 1s taken up by other parts of
some of the substrates We therefore had to dewise procedures
which employ the determmation of the ammoma evolved during
the deammation

For most of the work which I shall discuss, we relied on the
Conway microdiffusion methods In addition to bemg accurate and
speafic, these techniques are flexible m the matter of the sensitivity
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skin, [-epinephrine behaves hikewise, but mm muscle the epmephrine
constriction 1s converted to a pure vasodilation with very small
doses of the blocking drug. Nor-epmephrine and neosynephrine
cause constriction in muscle which is gradually blocked as the anti-
adrenergic drug 1s progressively increased

Ahlquist- Which 1s the more potent m skin?

Green. There 1s not a great deal of difference between the re-
sponses to 1 ug doses of l-epmephrine, or to 1 pg doses of I-nor-
epinephrine m skin, or 1n muscle, before admmistration of the
blocking drug

Ahlquist. 1 asked because there are a good number of other ways
1 which skin constriction has been tested, such as mtracutaneously
in humans with a local anesthetic, in rabbits with trypan blue, and
m the dog by means of a photoelectric cell on the ear In all of
them, epmephrme is from five to ten times more potent

Green Differences of the order of five or ten times are definitely
not seen m our studies

Nickerson: Can the difference between your results and Dr
Ahlquist’s be related to dosage? The dose given by you may be
fairly well up on the dose-response curve, where the difference
between epmephrine and nor-epmephrme may be shght

Green We haven’t explored a range of doses of epmephrine in
either the isolated skin or muscle preparations However, see
references (71,72) for data on the whole leg

Nickeison The dose could make a big difference 1n the observa-
tions

MONO AMINE OXIDASE SUBSTRATES AND INHIBITORS

Shorr Just to keep us thinking after we leave the meeting, I
should like to turn to another aspect that 1s, a consideration of
some of the mechanisms through which amines may be dealt with
by tissues on which they opeiate

Cotzias: 1 was keenly interested imn the statements of Dr von
Euler and Dr Goldenberg that a maximum of four per cent of the
mjected nor-epinephrnne and epinephrne are recovered m the
arme I shall try to pomt out a few of the things that might be
happening to the other 96 per cent

Dr Vincent P Dole and I have been interested for quite a while
in the enzyme mono amine oxidase, which oxidatively deaminates
n vitro several amines Early m our work we found that the classi-
cal resprrometric techmques, which we were using for the measure-
ment of the enzyme’s activity, were subject to several shortcomings,
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tures, there is a wide range of substrate concentrations, the vanation
of which does not affect the performance of the enzyme Our
working hypothesis on this phenomenon, which 1s not restricted
only to tyramme, 1s that the amne promotes the thermal denatwa-
tion of this as well as other enzymes. Be that as it may, this situa-
tion forced us to adopt lower temperatures of incubation than those
conventionally used in this type of work, so as to avoid a mult-
phicity of forces which otherwise would adversely affect the average
reaction veloaity of this enzyme system With these precautions, it
1s quite easy to determine accurately the activity of even small
amounts of mono amine oxidase Furthermore, mn the study of -
hibitors, one can be more confident that the mhibition observed
1s due to the mhibitor, rather than to the substrate

TABLE XIII
Distribution of Mono Amine Oxidase

~———Enzyme—— ~—— Nitrogen—— —— Specific Achvity ——
Unuts b % of mM N %of Umts enzyme

- homog- ————— homog- ——————— % of

Fraction g wet tissue enate g wet issue enate mM N homogenate
N 53%*16 219 49+18 231 117= 31 984+ 17
NW 31215 129 11206 52 33 =18 3124218
M 13718 568 5615 264 26 = 69 219+ 25
S 19=x12 79 9133 429 26+ 2 20+ 14
Sum 23 8 995 207 976

Homogen 2412 212+ 38 119+ 26

The fractions are those obtamed by differential centrifugation in 0 88M sucrose
The numbers are the means and standard deviation from 13 experiments

Reprmtedi]by permussion, from Cotzias, G C, and Dole, V P Metabolism of ammes

IT Mitochondrial localization of
Med 18, 157 (1951) ation of mono amme oxidase Proc Soc Exper Biol &

In order to convince ourselves further on the vahidity of ths
measurement, we performed the experiments summarnzed i Table
XIII The symbols under the heading “Fraction” represent the frac-
tions obtamed by differential centrifugation and extraction of 1at
hver homogenates i a medium of 88M sucrose They stand, from
top to bottom, for Nuclei, Nuclear Washings, Mitochondiia, and
Supernate The centnfuged nuclear washings consisted predomi-
nantly of mitochondria When the activity of these mitochondria
was added to the activity of the bulk mitochondnal fraction “M,”
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of the measuiement, because one can easily vary the specifications
of the microdiffusion units to meet a large variety of experimental
requrements

For a number of reasons, tyramine was used as the standard
substrate In trymng to find a tyramine concentration that would
be suitable for the puipose of assay, we encountered the difficulty
llustrated 1 Figure 46. In tlus particular experiment, the enzyme
source was a 1at iver homogenate, but similar results weie obtained
with a number of organs from different amimal species. At tempera-
twes of mcubation close to that of the body, other factors bemng
equal, the aveiage reaction velocity of this system 1s dependent
upon the concentration of the substrate Undex such conditions,
one cannot very well measure how much enzyme there 1s i a given
preparation However, if the temperatme of the reaction 1s lowered,
one gets the famihar Michaelis type of curve, with a comfortable
plateau on which to work

The mtimate details of this phenomenon are better illushated 1n
Figure 47 It 1s evident that below so-called physiologic tempera-
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tures, there is a wide range of substrate concentrations, the variation
of which does not affect the performance of the enzyme Our
working hypothesis on this phenomenon, which 1s not restricted
only to tyramine, 1s that the amme promotes the thermal denatura-
tion of this as well as other enzymes Be that as 1t may, this situa-
tion forced us to adopt lower temperatures of incubation than those
conventionally used mn this type of work, so as to avoid a multi-
pheity of forces which otherwise would adversely affect the average
reaction velocity of this enzyme system. With these precautions, 1t
15 quite easy to determine accurately the activity of even small
amounts of mono ammne oxidase Furthermore, m the study of mn-
hibitors, one can be more confident that the mhibition observed
1s due to the inhibitor, rather than to the substiate

TABLE XIII
Distribution of Mono Amine Oxidase
——Enzyme—— —— Nitrogen—— —— Specific Achwvity ——
Units % of mM N %of Unts enzyme
—— homog- ———— homog- ———~— Z of
Fraction g wet tissue enate g wet tissue enate mM N homogente
N 53%x16 219 49+18 231 117281 98=* 17
NwW 31=+15 129 11+ 06 52 83 =18 3124218
M 13718 568 56+15 264 26 == 69 219=% 25
S 19=%+12 79 9133 429 26+ 2 204 14
Sum 23 8 995 207 97 6
Homogen 24122 212+ 38 119+ 286
The fractions are those obtamed by differential centrifugation n 0 88M sucrose
The numbers are the means and standard deviation from 18 experiments

Reprinted, by permussion, from Cotzias, G C, and Dole, V P Metabolism of amimes

I Mitochondnial localizatr
Med 78, 157 (.?9510)08 ation of mono amine oxidase Proc Soc Exper Biol &

In order to convince ourselves further on the vahdity of thus
measw ement, we performed the experiments summanized i Table
XIIT The symbols under the heading “Fraction” represent the frac-
tions obtamed by differential centrifugation and extraction of rat
liver homogenates 1 a medium of 88M sucrose They stand, from
top to bottom, for Nuclei, Nuclear Washings, Mitochondria, and
Supernate The centrifuged nuclear washings consisted predom-
nantly of mitochondria When the activity of these mitochondria
was added to the activity of the bulk mitochondnal fraction “M,”
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17 amine oxidase units out of the 24 contained m one gram of rat
hver were found associated with those bodies Furthermore, the
satisfactory recovery of the homogenate’s activity i the fractions
demonstrates the validity of this measurement

By working with this procedure, a different sense of quantities
1s developed The question anses whether each of the enzyme
“units” which are located i the cells of various organs, and mn the
various organelles of the same cell, performs the same functions
I do not believe that our present data can fully answer this question
They mught, however, give us a measure of msight into the function
of some strategically-located enzyme umts, under specific conditions

In considermg possible physiologic and pharmacologic functions
of the in vitro substrates of this enzyme, one 1s struck by the fact
that most of the substrates are potent sympathormmetic agents
These amines produce measurable contraction of the terminal vascu-
lar bed If mono amine oxidase were present 1n the vascular bed,
we thought we might be able to manipulate 1ts potency and mvesti-
gate the existence of a concordant variation m the sensitivity of the
vessels to known in vitro substrates of this enzyme It appeared
desirable to use enzymatic mlibitors which by themselves were as
free as possible of sympathomimetic properties

TABLE X1V
- Amine Oxidase
1ssue (Units per Gram Pooled Tissue)

Mesenteric

Arteries 518
Mesenteric

Veins 202
Mesenteric

Membranes 124

Table XIV summarnizes the 1esults of enzyme assays on teased
mesenteric arteries, vems, and relatively avascular membranes
Comparison of the values obtamned m this experiment with those
found m studymg the hver, indicates that 5 umts of mono amne
oxidase are present per gram of arteries, while with hiver there were
94 units per gram, and with hiver mitochondna two to three times
that number Considering the total body mono amine oxidase, 1t 1s
evident that the amounts contamed 1n these vessels are mdeed
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small It 1s, however, obvious that mono amme oxidase 1s mndeed
present m blood vessels, being more concentrated m the arteries
than the vens.

Nickeison Were the membranes fat-free?

Cotzias If you are thinking about the assay, it doesn’t make
any difference as far as we know

Nickerson. No, but it might make a big difference 1n umts per
gram

Cotzias Yes, mdeed We cut out, very specifically, membranes
that did not contamn gross fat, whereas the arteries I am talking
about here were teased from the fatty strands of the mesentery

In order to establish the next premise, we mmvestigated the in vitro
mhibitory effects of some substances which, if anything, have weak
sympathomimetic characteristics We found that there are some
such agents which defimitely mhibit mono amme oxidase, and are
mn the process of looking for more Figure 48 shows the effect of
mdolacetic acid, in the form of 1its sodium salt, on the deammation
of tyramine by a rat heart homogenate In this study, we had to
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avoid the usual tenfold dilution m favor of twofold dilutions so as
not to blot out the weak mhibitory capacity of this agent. The
mhibitory effect 1s evident from the data It 1s of interest that this
agent 1s a potent plant growth hormone, which, however, is en-
countered i mammalian urine, probably as a by-product of trypto-
phan metabolism
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Ficure 49

Figure 49 shows the behavior of Benadryl, which i1s chemically
different from indolacetate compound This antihistaminic 1s a
fairly potent, noncompetitive mono amine oxidase mhibitor In
Figure 50 1s summarized the evidence that the dye methylene blue
1s another in vitro mhibitor of this enzyme

The question now arises as to whether these agents are capable
of mhibiting the enzyme m the intact amimal following mjection
I am afraid that convincing proof of this cannot be shown m the
case of mdolacetate, probably because of the weakness of 1its
mnhibitory power With Benadryl, however, as can be seen 1 Figure
51. 1t 1s another story Plotted m this Figure are the results of
: nts m which the antihistaminic was mjected mtravenously
e ammals which were sacrificed by decapitation 15
The mesenteries of these ammals were dissected,

experime
mto comparalb1
minutes later
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homogenized, and tested n vitro for enzymatic activity. There 1s a
rough reverse proportionality between the amount of mhibitor
mjected mnto the animal and the rate of deamunation of tyramme
per umt of mesentery mtrogen. The same sort of phenomenon occurs
with methylene blue, as shown mn Figure 52.

To summanze, a procedure has been described for measuring
the activity of mono amine oxidase 1n tissues, and some evidence
given that the techmque 1s a'valid one It has been shown that
mono amme oxidase exists m blood vessels and that it can be
mhibited by the 1n vivo admimstration of mhibitors The question
now amnses whether this nlibition of the enzyme m the vessels is
accompanied by some change m the way the vessels react to sub-
stances which are known in vitro substrates. To explore this, we
rehed on the well-known Chambers-Zweifach techmique (Dr
Theodore Balourdas of the Department of Biology at New York
University performed many of the bioassays ) This techmque con-
sists essentially 1n determining the concentration of, for example,
epmephnine or nor-epmephrme, which will cause a definite con-
striction of the precapillary sphincters of the meso-appendix when
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TABLE XV

In Vitro and In Vivo Comparison

Vascular Sensitization
In Vwo
Inhub Conc for 25%
Tnlubutor Inhubition (In Vitro) uM Inhibitor | Sensiti-
Amine 100 gm Rat | zation
Indole -3- 5x 102 Adrenaline 64 20
Acetic acid Nor-adrenaline| 41 100
Tyramine 61 10
Benadryl 5x 104 Adrenaline 102 25
Nor-adrenaline 87 300
Tyramine 93 10
Methylene 5 x 10-5 Adrenalme 24 25
Blue Nor-adrenaline 25 300
Tyramine 28 10

anesthesia, because our rats did not e still with 4% milligrams. We
had to use about 6 milligrams.

The possibility that the in vitro and in vwo correlation could be
forturtous, and might not live up to a study which would employ
a battery of mhibitors, led to the mtioduction of another kind of
control This 1s shown i Figuie 53 On top, the chemical formulae
of the three mhibitors are shown These, as I said, were mjected
mtravenously The chemical formulae of the amines apphed locally
for determination of the threshold are shown in the lower section
These are divided mto two categories 1n respect to theiwr in vitro
behavior towards mono amine oxidase substrates and nonsubstrates
The threshold concentration of the substrates was lowered following
the mjection of the mhibitors

This change n threshold was evident, as previously noted, when
the concentration of the locally apphed amine had to be brought
down to levels which would cause mimimal precapillary sphimcter
constriction It was equally evident when the concentration of these
ammes was kept at the origimal threshold level Then, following the
mjection of the mhibitors, a marked prolongation of the time during
which the vessels remamed constricted was found The constriction
was evident, not only 1 the precapillary sphincters, as was the case
but the entire preparation would blanch out, due to con-

imtially,
imtially f both arterioles and venules, which are normally quite

stricbion O



Epinephrine and Nor-epinephrine 243

INHIBITORS INJECTED

BENADRYL

H H H

| o P N/CH3

T e,
H H

INDOLE ACETIC ACID

CH- COOH

N

H

METHYLENE BLUE

H ¢l B
c $_H _C CH3
Clasn.c? NcZ e Ne-n g
CHy™ | | i é , 8
H'C\C/C\N/C\q¢ .
H H
LOCALLY APPLIED
MAO SUBSTRATES MAO NON SUBSTRATES
ADRENALIN PRIVINE
g H
l Q C—Cx ]
HO C~-CH N—C
. ™ A
HO NH,
NORADRENALINE BENZEDRINE
HO G-CH, CHj
o | CHp-CH
HO i NHy NH,
TYRAMINE EPHEDRINE
CHy~CH
2~ CHy CIZH3
HO NHz Otl:ﬂ-(l: -4
OH NH3

Ficure 53

msensitive to these amies With most experiments, the increased
sensiivity appeared a few munutes after the imtravenous mnjection
of the inhibitor, reached a maximum at about 15 mmutes, and came
back to normal about an hour later

In the case of the nonsubstrates, a different situation was en-
countered The initial threshold concentrations were higher, as a
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rule, than those encountered with the previous group of amines
With Privine, Benzedrine, and ephedrine, 1 per cent solutions had
to be appled, and i some preparations even 10 per cent, in order
to obtain constiuiction of the precapillary sphincters With epineph-
rme, a concentration on the order of 1.5 milhon (w/v) was usually
needed, and with noi-epmephrine 1 1 milhon (w/v). The most
mteresting finding was, however, that after the injection of mdol-
acetate, Benadryl o1 methylene blue, we were unable to detect
any change 1n sensitivity to locally-apphed Privine, Benzedrine, or
ephedrine In other words, the vessels of the meso-appendix seemed
to discriminate between amines which are substrates of mono amine
oxidase, and those which are not, despite their chemical similarities
of structure

Selkurt. May I pomnt out the paiallel mn the experiments I showed,
m that after denervation the response to nor-epinephrine seemed
to be more enhanced Perhaps you could explamn the mcreased
sensitivity

Cotzias I have a fear of dragging mnervation mto this problem,
because I am under the spell of Dr Lorente de N6

Nickerson: 1 mught add that D1 Burn has published data which
he believes prove that changes mn amme oxidase account for the
mcreased sensitivity of denervated structures to mor-epinephine
They are not too convincing in my opmion

Cotzias. We mterpret our data as strongly indicating that mono
amine oxidase 1s a major 1 vwo pathway mn the metabolism of such
ammes as epmephrine, nor-epinephrine, and tyramine. Fo1 the
time bemg, I shall let 1t go at that

Shorr. Before we discuss this work, I would like to mention some
of our very recent, and as yet mcomplete, experiments which have
an mdirect bearing on the possible relation between mono amine
oxidase mhibition, and the hyperneactivity of the meso-appendix
vessels Our objective was to differentiate between hypertensin
and VEM We had found pieviously that the injection of crude
renin gave a delayed VEM response, but we could not tell whether
VEM was present as an impurnity m the renn, or whether renm,
via hypertensm, was of itself exercising a VEM effect More recently,
Dr. Harry Goldblatt very generously gave us a considerable supply
of highly punfied renin with an activity qf 2700 dog umts/mg. N
On mjection, this Iughly punified preparation produced an immedi-
ate brief rise of blood pressure and, 18 to 30 minutes later, a delayed
VEM effect. However, when the kidney was hgated before the
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mjection of renin, the VEM effect was abohshed, although the blood
pressure rose as before

A possible explanation 1s that remn brings about renal vasocon-
strichion, and some measure of renal hypoxia, a metabolic circum-
stance leading to the formation of VEM which 15 then released as
the vasoconstriction wears off Assays of saline extracts of the renal
cortex, excised 20 minutes or so after the mtravenous injection of
remn, showed that VEM was present i considerable concentrations

m the kidney

1t then occurred to us that the action of Benadryl, m increasing
the sensitivity of the muscular capillary vessels to epmephrine,
might hkewise mvolve the renal VEM systems Exclusion of the
kadney from the circulation 30 to 90 mnutes prior to the mjection
of Benadryl likewise abolished, in a number of animals, the hyper-
reactivity observed to follow Benadryl when the kidney was
the circulation

Eprror’s Note Dr Shorr wishes to add the following
An analys;s of this phenomenon, subsequent to the Conference,
appears to have disclosed some of the factors responsible for Benadryl-
induced hyperreactivity 1in the muscular capillary vessels In amounts
of 1 to 3 mg per 100 gm of body weight, Benadryl was found to lead
to hyperreactivity only when the injection was followed by an asphyxal
effect When the asphyxia was prevented by a previous tracheotomy,
the threshold response remamed unaltered In several ammals, with
previous hgation of the kidney, 1n which the mjechion of Benadryl was
assoclated with an asphymal response, no hyperreactvity was en-
countered Hence, part of the hyperreactivity with asphyxial doses of
Benadryl would appear to be attmbutable to the concurrent renal
hypoxa, with the formation and subsequent release of remal VEM
Neurogenic discharge also contributes to hyperreactivity of the muscu-
lar capillary vessels following induced asphyxial reactions (unpubhshed
studies) Hence, 1t would seem that the hyperreactivity of the terminal
vascular bed, observed with these asphyxial doses of Benadryl, cannot
be used 1n support of the concept that there has been an mhibition of
mono amine oxidase at these peripheral sites

Nickerson 1 think one of the imphications here 1s that all sensitiz-
mg procedures are dependent in some way upon the kidney 1
should like to dispel that pomt of view, at least with respect to
Dibenamine, and Dibenzyhne, and some of thewr degradation
products We have obtained sensitization up to the pomnt where
they reacted to one to a bilhon epmephrine m ammals in which
we could not demonstrate VEM 1 the circulation, and also in
arenal amimals 12 hours after operation

Cotzias Dr Shorr, do you really mean to say that when there 1s
no kidney, you do not get sensitization to mjected Benadryl?
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Shorr That 1s the case

Cotzias Have you tried using any of the methylene blue I have
given Dr Baez?

Shorr. Not as yet. -

Cotzias I am wondering what cocane, or any one of the other
agents in which one finds a concomitant mhibition of this system,
would do m an arenal preparation Could you induce any other
type of sensitization in the arenal animal?

Zweifach Surgical removal of the kidneys does not completely
mterrupt the development of vascular hyperreactivity Various
agents, such as histamine, which produce vascular hyperreactivity
upon mtravenous admimstration, bring about the same vascular
change 1n the nephrectomized, as in the normal animal Cortisone
will mcrease the reactivity of the mesenteric vessels m nephrec-
tomized amimals When nephrectormzed dogs are subjected to
several types of acute stress, the termmnal vascular bed m the
omentum shows a significant mcrease i vascular reactivity For
example, using anoxia, or excess COs, as the stress stimulus, a
considerable potentiation of the vascular response to topical
epmephrine 1s obtamed mn control amimals The same experiment
carried out mn nephrectomized dogs produces a somewhat blunted
hyperreactivity about 50 to 75 per cent of the reactivity values
obtamed m control experiments

Cotzias You mean to say that any sort of sensitization of the
vascular bed 1s mediated through VEMP?

Zweifach It 1s obvious that vascular reactivity 1s a result of the
composite mnfluence of a number of separate factors Surgical inter-
ference with each of these systems alters or blunts the response
of the vascular bed to standardized sttmuli As was indicated, the
kidney 1s the source of a humoral principle, VEM, which poten-
tiates the response of the terminal vascular bed to epinephrine
When the kidney 1s removed, this vasoexcitor factor is obviously
ehmmated However, the response to other hormonal and neuro-
genic factors persists In addition, there are a great many local
tissue factors which can increase the vascular reactivity, mrrespec-
tive of the presence of the kidney All of these factors must be taken
nto consideration
Shorr All that we can say 1s that, under these speaific circum-
ances, 1f we exclude VEM production by the kidney, the response
’ endix vessels to mjected renin is completely blunted
1d be mvestigated whether VEM would account
f 1solated organs? In those, also, there 1s a con-

st
of the meso-app

Cotzias It shou
for the behavior 0
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siderable degree of sensitization by some of the agents that I have
mentioned I should also be very much mterested mn finding out
what the mesentery shows on testing in vit10, after the nephrectomy
has been performed and these agents have been ijected. We have
demonstrated mhibition 1 an ammal with intact kidneys, and I
feel that before 1t 1s taken for granted that the phenomenon 1s not
as highly speafic as I stll think 1t 1s, 1t should be demonstrated
that 1t exists in the preparations you have just described

Shorr 1 should Ike to ask Dr von Euler to summarze and

complete his discussion, to the extent that he can, in the remam-
Ing time

NOR-EPINEPHRINE IN SHOCK

von Euler Since this Conference 1s on shock, I thought 1t ap-
propriate to collect some data on the effect of nor-epmephrine, and
epmnephrine, in conditions of shock I should like to add that mn
this work I have not had any personal experience My nformation
1s what I have collected from colleagues and from the literature.
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Figure 54, taken from a paper by Arner (73), shows the effect
of nor-epmephrme in spinal anesthesia It seems that when an
operation 1s started, there 1s a drop 1 blood pressure down to about
80, and then after a few smgle mmjections, and after salme imfusion
of nor-epimephrine, the pressure goes up and 1s kept up. As Dr.
Goldenberg and his co-workers have shown (74) blood, in many
cases, 1s not sufficient to raise the pressure in states of shock;
whereas, when nor-epmephrine 1s given mn addition, 1t 1s capable
of mamtamng the blood pressure
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Ficure 55 Blood pressure of patient from which a phaeochromocytoma was
removed Sharp drop in pressure on removal of tumor Unsatisfactory action of
2 mg epmephrine 1m every 5 mmn for 1% hour Reprinted, by permission, from
Pewper, H J Ueber Phaochromocytome Diss Med Fak. Umv, Mainz, 1952

Figure 55 1s a case of pheochromocytoma, observed by Peiper
(75) After the removal of the tumor, the pressure went down, as
1t very often does, to low levels In this case, epinephrine was
given, and 10 no less a quantity than 245 mg mm 40 hours The
effect was conspicuously quite small on the blood pressure, and
one would almost be tempted to say that the patient survived, or
came out of the shock, in spite of the epmephrime I have the
impression from what I have heard from colleagues that epinephrine
may be quite dangerous 1 c?nd1t1ons of shock similar to this

Nelson Dr von Euler, 1sn’t this because for the patient, blood
flow 1s the most critical consideration? Since blood flow 1s propor-
tional to pressure, and 1mversely proportional to the resistance,
when the resistance 15 mereased and the pressure decreased, the

flow mmght actually be cut down
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von Euler That 1s very possible, I should say. But theie seems
to be a difference mn the action of epmephrine and nor-epmephrme
m this respect In several of the cases of pheochromocytoma, which
I was referrng to this morning, noi-epmephrime was given, and
with a very striking 1esult when the piesswe was low. In one of
these cases, 1t had to be given for 24 hows at the rate of 1 mg per
hour That kept the blood pressure at about 120 mm Hg, and after
that the patient came around with a steady blood pressure. In one
case m which nor-epmephrine was given, the patient was operated
at a time when the old method, if I may say so, of epmephrine was
used In that case, the pressure never rose agam

Nickeison One thing which we might get into the record 1s an
item which came up at this same hour at the session last year
That 1s the data on protection by vasoconstrictors If we lmit
ourselves to data for which there are adequate controls, I cannot
think of a single experiment in which, in shock produced by any
means, the admmistration of a vasoconstrictor to raise the blpod
pressure has mcreased the survival rate On the contrary, the great
majority of these experiments indicate that vasoconstrictois lower
survival rate

Epiror’s Note Dr von Euler wishes to add here an “after
thought” to the effect that perhaps nor-epiephrine 1s a particularly
suitable vasoconstrictor

Remington Dr Nickerson, you are speaking of dog shock, and
perhaps not of the consequences of human syncope

Nickerson Dog shock, or rat shock, or any kind of shock in
which we have a sufficiently standard degree of trauma so that we
can know, at least statistically, whether the subject would have
survived without treatment Other observations are not conclusive
We never know how badly off the patient 1s, and we never know
whether the patient would have survived had a particular drug
not been given I believe that last year D1 Stead proposed that
we classify these as Class A, Class B, Class C, and Class D clmical
observations a very useful classification

Nelson There may be an mdication for the use of a vasopressor
drug as protection agaimst the post hypercapnic phenomenon (76)
characterized by a fall mn blood pressure and cardiac nregularities,
after there has been a change from a high alveolar carbon dioxide
pressure to a normal or to a low pressme The mdividual will have
a fall m blood pressure which may be a precursor of actual cardiac

arrest In dogs, at least, if a Vasopressor 1s given, some protection
1s afforded
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Figure 54, taken fiom a paper by Arner (73), shows the effect
of nor-epmephrme m spmal anesthesia. It seems that when an
operation 1s started, there 1s a drop 1 blood pressure down to about
80, and then after a few single mjections, and after saline infusion
of nor-epmephrine, the pressure goes up and 1s kept up As Dr
Goldenberg and his co-workers have shown (74) blood, m many
cases, 1s not sufficient to raise the pressure m states of shock;
whereas, when nor-epmephrine 1s given m addition, 1t 1s capable
of mamtaming the blood pressure
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Ficure 55 Blood pressure of patient from which a phaeochromocytoma was
removed Sharp drop in pressure on removal of tumor Unsatisfactory action of
9 mg epmephrine 1m every 5 mm for 1% hour Reprinted, by permission, from
Peper, H J Ueber Phaochromocytome Diss Med Fak Umv, Mamz, 1952

Figure 55 1s a case of pheochromocytoma, observed by Peiper
(75) After the removal of the tumor, the pressure went down, as
it very often does, to low levels In this case, epmephrine was
given, and m no less a quantity than 245 mg i 40 hours The
offect was conspicuously quite small on the blood pressure, and
one would almost be tempted to say that the patient survived, or
e out of the shock, m spite of the epmephrme I have the
impression from what I have heard from colleagues that epmephrine
may be quite dangerous m conditions of shock similar to this

Nelson Dr von Euler, 1sn’t this because for the patient, blood
flow 1s the most critical consideration? Since blood flow 1s propor-
tonal to pressure, and mversely proportional to the resistance,
when the resistance 1S mcreased and the pressure decieased, the

flow might actually be cut down

cam
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Theie 1s a fanly convineing paper along these hnes coming fiom
the Halloran and Biooklyn Veterans Admmistiation Hospitals (77).
They used nor-epmephime m diverse types of shock and 1t worked
very well. I adnut that this 1s a pwmely emphical paper Blood-flow
studies m vital o1gans, such as the hiver o1 kidney, were not done,
and these natmally have to be done to piove the pomnt that in spite
of the evidence of all the dog expenments, 1usmg the peifusion
pressuie with nor-epinephrme nught help to maiease the blood flow
m vital ovgans of patients mn shock.

D1. Biadley (78) thought that at a low blood pressure level, ¢ g,
under conditions of high spmal anesthesia, there might be an
merease of 1enal blood flow with noi-epmephune, mstead of the
decrease obseived with noi-epinephiine at noimal presswe levels,
because the influence of the maieased peifusion pressme outweighs
the local vasoconstiiction I am fully awaie that all of the Dibena-
mine eaperiments on pie-tieatment and prevention of shock give
Just the opposite story, but I wonder what these Dibenamine exper-
ments mean. For example, D1 Remington’s paper (79) describes
the best protection as being provided by 5 mg Dibenamine, ad-

mmistered shoitly before the dog was staited bleeding. Is that
correct?

Remington Yes

Goldenberg: The epineplime 1esponse at this dose was still
preseived, not fully 1eveised, as happens with higher Dibenamime
doses I wonder whether the 1esponse to noi-epmephime and to
sympathetic nerve stimulation, was tested under the same condi-
tions. With this Dibenamme dose, the humoal effect of epinephime
and noi-epinephime may be blocked, and the newmogenic vasocon-
stuction may not be able to be blocked. I think that this pomt
was completely disegarded m the papeis on Dibenamme But I
would not tiy to sluft the whole story to the dog, as D1 Ahlquust
did The essential pomt 1s that nor-epinephrme, and epmephine,
actions differ so much fiom species to species that mvestigations
cannot be limited to one species and the 1esults apphed to another,
eg, man If T may make a humble suggestion, the dog seems to
me to be ‘the most unswtable species for this type of mvestigation

Eprron’s Note Because of lack of time, the following materal

was n’ot presented at the Conference, but is added here at D1 von
Euler’s 1equest:

Considerable evidence has alieady accumulated to show that nor-
cpmephrine may be useful i conditions of shock Among those
conditions the followmg may be enumerated postoperative  shock
(74,80,81), barbiturate porsoming  (82), cstirpation of pheochromey-
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Nickerson 1 think one might focus attention on the cardiac
stimulant effect in those cases.

Richards: There are two other indications that I can think of.
One 1s severe barbiturate poisoning, and the other 1s drowning or
immersion. When the respiration has ceased and blood pressure
falls away to nothing, the prognosis 1s quite bad If the patient 1s
then sustamned by neosynephrine, continuous infusion, and artificial
respiration for 48 hours, mnterrupted from time to time, and still
the blood pressure falls, and respiration has not quite recovered,
if after that time the reflexes return and the patient does begm to
breathe agamn, which has happened mm more than one istance —1I
know of two barbiturate poisonings and one drowning that we
have had — then I feel that the sustamning of the blood pressure
over that period of time has had a hife-saving effect

Nickerson. This discussion fulfills one of the purposes of the
Conference It indicates experiments which need to be done If,
mn groups of 20 amimals carried to a comparable point of depression,
the survival 1s actually better with a vasoconstrictor plus oxygen
than with oxygen alone, the point you make will be established

Remungton: Or with a cardiac stimulant.

Nickerson- What do you mean?

Remington With the use of a drug which 1s not a vasoconstrictor,
but a cardiac stimulant

Nickerson There 1s much to be said for that, and I think we have
the pharmacologic tools to evaluate the cardiac factor One might
compare, 1n parallel groups of ammals, the effects of 1sopropylnor-
epimnephrine, epmephrme, and nor-epinephrine

Richards Epmephrine does not work very well, or did not with
us, 1 those circumstances, because 1t mcreased the pulse rate so
much.

Goldenberg 1 wonder whether the dog 1s a suitable amimal with
which to decide the problem of the use of nor-epmephrine in shock
Dr Ahlquist made the pomt that epmephrine 1s a much stronger
vasoconstrictor than 1s nor-epmephrine, 1 e, mn the dog’s exteriorized
spleen I would not say that this 1s proof that it 1s the transmitter
in the dog, but 1t shows the striking difference 1n the hemodynamic
response to nor-epinephrine between dog and man In my opinion,
1t stresses the fact that the crucial experiments must be done in

having a patient 1 hemorrhagic shock who does not
man, €g, g
respond to flmd replacement agd, after rhepeatezll attempts at 1nci11re]as-
g the volume of blood mfused, a switch 1s made to nor-epinephrine

and the patient recovers.
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blood pooled somewhere m the orgamsm It seems most probable that
this 15 1 the venous system, a view held by many authorites on shock

There 1s good evidence that this may actually be the case. With
the aid of radioactive 1sotopes, Nyhn and Panmer (89) studied the
mixing tme 1n varous conditions, and found that m shock 1t may be
greatly prolonged (Figures 56 and 57). Ordinarily, a complete mixing,
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Reprinted, by permiss.on, from Nylhn, G, and Panmer, R L’mfluence de l-ortho-
stabisme et du shock sur la witesse circulatoire determinée 4 l'aide du phosphore
radioactf Arch internat de pharmacodyn et de thérap 73, 401 (1947) Reprinted,

pemussion, from Nyhn, G, and Pannier, R Influence of orthostatism and shock
circulation speed, determined by aid of radioactive phosphorous Nord med.

by
on

34, 1065 (1947)

as judged from the attamnment of an equilibrium 1n the specific activity
of the blood, occurs within a few minutes, while 1 shock mixang may
not be complete until after 40 minutes Obwviously, the total red
corpuscle figures, calculated from the specfic actvity at 5 or 10
minutes, would correspond to much less than the real volume of blood.
The imphcation 1s that blood 1s pooled in the vascular system m such
a way that it does not take part in the circulation at the normal rate
It would seem plausible that this blood 1s hngering m the venous
system, probably largely m the visceral areas The slowly decreasing
figures for the specific activity 1 the expenments referred to indicate

tllxat‘the blood 1s not completely shut off, but simply moving very
siow'v
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toma (83,84), coal gas poisoming (85), spmnal anesthesia (73), hypo-
toma after hexamethonium, myocardial infarct (86,82), postural hypo-
tension, and after adrenalectomy (87)

Goldenberg and lis group (74) were the first to use intravenous
infusions of nor-epmephrine as a therapeutic measure n shock, they
reported favorable results 1n 1949 Since then, the effectiveness of
nor-epmephrine 1 combating shock has been repeatedly confirmed

Mayer and Ruben (80) described an illustrabve case in whom
shock came 36 hours after a severe abdominal operation The patent
received glucose containing epmephrine, and whole blood mn adequate
quantities, but without effect After several hours of unsuccessful treat-
ment, the blood pressure was still 60/40 mm Hg, and the heart rate
160 per minute About 12 hours after the onset of shock, the patient was
given an ntravenous mfusion of a solution contaimng 4 mg of I-nor-
epmephrine per 1000 millihters The blood pressure rose within one
minute to 102/64 and the patient became conscious During the next
four hours, his blood pressure was mamntained with nor-epmephrne,
a total of 10 mg, at 104-124/70-86 Neosynephrine was not effective
It 1s often necessary to continue an intravenous nor-epmephrine drip
for a prolonged period in order to secure a good final result

The beneficial effect of nor-epinephrine in restoring the blood
pressure 1n certain conditions of shock may be due to a favorable effect
on the heart, on the vessels, or on both The reason why epinephrine
1s not capable of restormg, or maintaiming, the blood pressure as effec-
tively as nor-epinephrine, might be explained by the vasodilator effect
of epmephrine 1 mmportant vascular areas, together with its strong
central and synaphc depressant achon In addition, the effects of
epinephrine on the heart (such as tachycardia, and wasteful oxygen
consumption) may be regarded as undesirable

Theoretically, nor-epinephrine should be more suitable for raising
low blood pressure than epinephrine, since 1t 1s the natural vasocon-
strictor mediator and raises the mean pressure without mterfering with
the metabolism to any marked degree There 1s reason to assume that
the moderate store 1n the suprarenals represents a reserve for emergency
blood pressure homeostasis

There are many pomts which ment consideration 1in this connec-
ton There 1s hardly any need to emphasize that no vasoconstrictor
drug can be expected to do much good if a severe loss of flud has
occurred, or if severe anoxia prevaills Only if the blood pressure per-
sists at shock levels after the flmd losses have been compensated and
oxygenation is adequate, might one expect favorable results from
nor-epinephrine

It has been repeatedly claimed on theoretical grounds that there
1s no rationale for the treatment of low blood pressure n shock wath
vasoconstrictor drugs, since there 1s evidence of arterial constriction
m shock This opmnion may be based on an erroneous interpretation of

the actual observations If the cardiac output 1s low, the filing of the

terial tree will be nadequate and a moderate vasocons ric 1on will
ar the vessels narrow, or even shut, if the blood pressure 1s below
l:}(leep ;ecal closing pressure (88) If, on the other hand, gross flud
losese(;rlhave not occurred, there must be a considerable quantity of
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Unfortunately, we know very httle about the cause of this tendency
of the blood to pool outside the effective circulabon Clearly, many
factors would have to be considered toxic influences, local anoxia 1n
the vascular areas, etc Assuming this condition of stagnation i the
vems to be characterishc of shock, how would the effect of nor-
epmephrine be explamed? It seems to me that nor-epinephrine might,
m sufficient doses, constrict the venules and larger vemns to such an
extent that the venous return would be increased and the heart, if
stll m a good condition, could increase its stroke volume and fill the
arterial tree The concomitant arterial constricion would then help to
mamtamn a good blood pressure level So long as nor-epinephrine, or
any sumilarly acting drug, was admimistered, improvement could be
maintamed untl the underlymg cause of the venous pooling had passed
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A

Abdomen, and shock resistance, 50

Acetylcholine, vagal release of, after
epimephrne, 175

ACTH

and epmephnne secretion, 176
and glucose tolerance, 39

and msulin hypoglycerma, 39
and nsubn resistance, 46

for shock, 140

and urea formation, 36

Addison’s disease, and ketosis, 58

Adenosine

m hver, n shock, 66
tniphosphate, in methylation of nor-
epmephrine, 186
Adrenal gland
cortex of
and epmephrine, 35
extract, 36-38
and ketosis, 47
and stress stimulus, 36-38
and traumatic shock, 30
and hemorrhagic shock, 53

hormone from, and traumatic shock,
30-34

medulla of
after emotional stress, 207
and traumatic shock, 30
tumor of, 182-185
See also Suprarenal gland
Adrenal hormone
and fatty hiver, 46
and mjury, 30, 44
and msulin hypoglycemia, 39

and nitrogen metabolism, 36-39
m shock, 46

Adrenal vem, nor-epimephrine concentra-
tion m, 177
Adrenalectomy

epmephrine after, 190
and ketosis 1n rat, 57
nor-epinephrine after, 190

QO

o’

Adrenalectomy—Cont’d
and oxygen consumption of heart, 203
and shock, 47-48, 53
hemorrhagic, 53
traumatic, 30-34
Adrenahn
chemical formula, 243
See also Epmmephrme

Adrenergic fiber, 164

Adrenergic nerve, 180, 185
and epmephrine formation, 174

Adrenergic neuron, 164, 174, 178
Adrenocorticotropic hormone See ACTH
Alcohol, Dibenamine, for shock, 111
Aludrine, 209

Amine
catechol See Epmephrine, Nor-
epmephrine
sympathomimetic, 209-210
formation of, 172
m placenta, 163
m unne, 188-198
See also Epmephrine, Nor-
epmephrine

Ammo acd
metabolism of, 1n shock, 54-55, 60-63
uitrogen
hepatic, 1n hemorrhagic shock, 64
and hver circulation, 69
measurement of, 59
mn shock, 60-61, 64
in plasma
after mjury, 29, 30
m shock, 116-117
after traumatic shock, 29, 30
and urea formahon, after hemorrhagic
shock, 62
Ammonia
m blood, 1n hemorrhagic shock, 56
hepatic, in hemorrhagic shock, 64

61
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Blood—Cont’d
circulation of—Cont’d
mn lidney, after epinephnne, 215-216
m hadney, after nor-epmephrmme, 215-
216
m hver, and fermtin, 82-88
i hver, after hemorrhage, 72-82
and lhiver function, 68-72
m muscle, 225-232
See also Circulation
culture of, in shock, 128
epinephrine 1n, 193-195
hepatic venous oxygen 1, 119
ketone 1n
m shock, 57-58
and sodium octanoate n shock, 66-
67
n kidney
m hemorrhagic shock, 91
medullary vs cortical, 96
nor-epmephrine m, 192, 196
pooling of, i shock, 253-254
pressure of
after Dibenamine, 119
after epinephrine, 199
and liver function, 63
n renal vein, 94-95
sugar n
and cortisone, 39-44
m shock, 51, 54
urea 1, 1 shock, 56
urea nitrogen 1n, 61-62
volume of, n shock, 110
Bone marrow, nor-epmephrime 1n, 180
Botuhnus tovin, mn shock, 148-153
Brain
after hypotension, 118-119, 121
nor-epmephrine in, 163
Bromsulfalem
extra-hepatic removal of, 76-77
hepatic removal of, 73-78

C
Capillary
and gram-negative bacteria toun, 148,
158, 154

permeability of, m shock, 154
Carbohydrate
m hver, n shock, 68

Carbohydrate—Cont’d
metabohsm of

after mjury, 29
m shock, 51, 54

Carotid artery, epimmephrine mjection nto,
2924
Cat
epmephrine and nor-epinephrine re-
sponse of, 166
cpinephrine and nor-epmephrine 1
suprarenal gland of, 171
cffect of sympathomimetic amine on,
210

Catechol anune Sce Epmephrine, Nor-
epmephrine
Cerecbrum
circulation 1n, m hypotension, 121
cortex of, after hypotension, 118-119,
121

Chloramphenicol, for shock, 128, 135-
136, 137
See also Chloromycetin

Chloromycetin
hypotension due to, 140
for shock, 140
See also Chloramphenicol

Cholesterol, in hemorrhagic shock, 53

Choline, 1n methylation of nor-epineph-
rne, 182-183
Circulation
of blood See Blood, circulation of
m cerebrum 1n hypotension, 121
after Dibenamine, 119-120
after Dibenzyhne, 102-104
after hemorrhage, 74, 91, 102-104
m kdney
and Dibenamine, 98
and epmephrne, 98, 215-216
after hemorrhage, 74, 91
medullary vs cortical, 96
after nor-epmephrine, 215-216
and shock resistance, 101
m lhver
and ammo acid mtrogen, 69
and Dibenamine, 120
and ferritin, 82-88
after hemorrhage, 72-82
and Liver funchon, 68-72
m renal vemn, 94-95
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Anesthesia
spinal, nor-epmephrine 1, 248
and VDM, 92-93
Anoua
of extrahepatic tissue, 64
and hver, 69-70, 109
urea formation, 63
liver resistance to, 109
and VEM, 92
See also Hypoxia
Antibiotie, for shock, 125-148, 156
Antiduretic, ferntin as, 87
Antiferntin serum, for shock, 114-115
Antilustamimc, 238-244
Anxiety, after epinephrine, 207
Apoferntin, 113
Apprehension, after epinephrme, 207,
208-209
Arterenol, 210
and colon, 217
and glomerular filtration rate, 219-220
and heart, 217
kidney blood flow after, 215-218
and sodmum excretion, 220-922
and spleen, 214, 217-218
in splenic nerve, 217-218
urime output after, 2186
See also Nor-epinephrine
Arteriole, after Dibenzyline, 103

Artery
carotid, epinephrine 1njection nto, 224
coronary
and epmephrine, 203, 205, 224
and nor-epmephrime, 195, 201-202
and pitressin, 204
thrombosis of, 195
after Dibenzyhne, 103
femoral
epnephrine mjection mto, 224
and sympathomumetic amine, 211
mesenteric, 210, 211
mono amine oxidase i, 236

renal
occlusion of, and kidney function,

71
sympathomimetic amine 1n, 209-211

Ascorbic acid
and ferntmm, 114
mn hemorrhagic shock, 53

Shock and Circulatory Homeostasis

ATP, 1n methylation of nor-epinephrnne,
186

Aureomycin, for shock, 125, 127-128,
133-139, 141-1438, 145

B

Baboon, epinephrine and nor-epinephrine
m suprarenal gland of, 171

Bacitracin, for shock, 126

Bacteria
mtestinal, transmural migration of, 98
n rat, after cortisone, 140
in shock, 123-156

Barbiturate, neosynephrine for poisoning
due to, 250

Basal metabolic rate, and immobilization,
45

Bed rest, and basal metabolic rate, 45

Benadryl
chemical formula, 243
hyperreactivity 1 muscular capillary
vessels due to, 245
m mhibibon of mono amme oxidase,
238-244
and kidney, 245
Benzedrine, chemical formula, 243
Bleeding See Hemorrhage

Blockade
ganglionic, preoperative, 109
m liver, 80-81
of sympathetic nervous system, aund
shock resistance, 100-113

Blood
amino acid mitrogen mm 60-61
and Iiver circulation, 69
ammona 1,
in hemorrhagic shock, 56
arterial pressure, after Dibenzylne,
105
circulation of
after Dibenamine, 119-120
after intra-arterial injection of epi-
nephrine, 225-232
after ntra-artenal injection of nor-
epwmcephr ne, 225-232
after itra-arterial injection of Prisco-
line, 227-231
in kidney, after hemorrhage, 74
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Enzyme
mm epmephrine and nor-epmephrme 1n-
terconversion, 187
and ferntin, 113
Ephedrine, chemical formula, 243
Epmephrine
and acetylchohne, 175
and ACTH, 176
action of, simulated by nor-epmephrme,
205
and adrenal cortex, 35
m adrenal tumor, 182-185
after adrenalectomy, 180
annety after, 207
and apprehension, 207, 208-209
bioassay, 165-166, 183-184
m blood, 193-195
blood pressure after, 199
and cardiac output, 200
and cold, 176
and colon, 217
and coronary artery, 205
coronary flow after, 203
and Dibenamme, 98
and Dibenzyhne, 102
and dihydroergocornine, 98
dosage, 199, 203
after emotional stress, 207-208
enzymatic reaction, 223-224
m fetus, 170
formation of, 174
i shock, 181
after fright, 208
and frog skin, 292
and glomerular filtration rate, 219-220
and heart, 163, 203-204, 217
after hypophysectomy, 174
and hypothalamus, 176-177
mfusion of, 199-200
after insulin, 194, 197
Intra-arterial injection of, 224
blood flow after, 225-232
mtravenous, 199-200
and ketosis, 58
and kidney, 183, 218-229
blood flow, 98, 215-216
after denervation, 218-229
plasma flow, 219, 223
and liver, 163, 180, 201
m lung, 163
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Epinephrine—Cont’d

and metabolic process, 205
methylation of nor-epinephrine to, 186
and mouse pupil, 182-183
after muscular work, 197-198
and myocardum, 163, 203-204, 217
m nerve, 164
and mitrogen metabolism, 33-34
and oxygen consumption of myocar-
dium, 203-204
in parotid gland, 163
and penpheral synapse, 207
in pheochromocytoma, 182, 183
and plasma flow, 219, 223
i postural hypotension, 195
mm potenhation of vascular response,
246
racemic, 210
response of terminal vascular bed to
after Dibenamine, 105-108
after Dibenzyline, 107-108, 112
for shock, 251, 252
due to pheochromocytoma removal,
248-249
and sodium excretion, 220-222
and spleen, 163, 217-218
contraction, 214
stimulation, 187
in splenmic nerve, 217-218
stoichiometric reaction, 223-224
and stress, 176
in striated muscle, 163
subjective effects of, 207-208
mn submaxillary gland, 163
m suprarenal gland, 170-172
of adult, 172
medulla, 207
of newborn, 172
mm thymus, 181
mn tissue, 185
urea formation after, 33-34
n urme, 188-198
vasoconstriction after, 210
vasodilation after, 201, 210

VEM and potentiation of vascular bed
to, 246

Ergotamine tartrate, 153
Ergotoune ethanesulphonate, 1n methyla-

tion of nor-epinephrine, 186
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Clamping, shock due to, 141-143, 147-

148
Clostridia, 126

Cold, and epmephrine secretion, 176

Colon
and epmnephrine, 217
and nor-epmephrine 217

Coronary artery
and epmephrine, 203, 205, 224
and nor-epmephrne, 195, 201-202
and pitressim, 204

Coronary vessel, nor-epinephrine m, 167
Cortex, adrenal. See Adrenal gland
Corticotropin  See ACTH

Cortisone
and bacteral invasion 1n rat, 140
and glucose tolerance, 39-44
and 1nsulm resistance, 45-46
for shock, 140
and urea formation, 36

Cow, epmephrme and nor-epimephrnne 1n
suprarenal gland of, 171

Cystemne, and fermtin, 114

D

Death, impending, 53-54
Denervation, of spleen, 178, 181
Dextran, for shock, 142
DHO-180 See Dihydroergocornine
Diabetes, traumatic, 29
Dibenamme, 209, 245
alcohol, for shock, 111
blood flow after, 119-120
mn kidney, 98
blood pressure after, 119
in hemorrhagic shock, 91
and kidney blood flow, after epmeph-
rine, 98
and kidney vasoconstriction m hemor-
rhagic shock, 95
mn methylation of nor-epmephrine, 186
and response of termmal vascular bed
to epmnephrne, 107-108, 112
for shock, 142, 251
See also Dibenzyline

Shock and Circulatory Homeostasts

Dibenzylme, 208, 245
and epmephrine, 102
and hypotension, 102-104
mcubation, 1 hver, 111
and response of termmnal vascular bed
to epmephrine, 107-108, 112
and shock resistance, 100-113
and VEM, 112-113
See also Dibenamine

Dihydroergocornine, and epmnephrine, 98

Dilator pupillae, effect of sympathomi-
metic amine on, 210

Diphenhydramine hydrochlonide See
Benadryl

Disulfide fermtin, 85, 86

Dog

arenal, after hemorrhage, 89-90

coronary blood flow in, after epmeph-
rine, 203

epmephrine and nor-epmephrine m
suprarenal gland of, 171

and nor-epmephnne for shock, 251

sympathectomized, hemorrhage n, 104

effect of sympathomimmetic amime on,
210

Dogfish
epinephrine and nor-epmephrine 1
suprarenal gland of, 171
catechol amimnes 1n ganghon of, 172

Drumming
shock due to

m arenal amimal, 90

Aureomycin for, 145

hemorrhagic hypotension after re-

sistance to, 146

mortality n, 97

resistance to, 99

resistance to, after Dibenzyline, 100-

102
sublethal, mn conditioning to shock,
47-50
E
Emotion

adrenal medulla after, 207
epmephrine after, 207-208
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Heart—Cont’d
oxygen consumption of
after adrenalectomy, 203
after epinephrme, 203-204
rate of, 201
and sympathomimetic amine m, 168,
210

Hemodilution, m hemorrhagic shock, 110

Hemorrhage
hver circulation after, 72-82
shock due to, 53, 54, 56
mn arenal ammal, 89-90
bactenal factor n, 123-156
and blood amino acid mitrogen,
54-55
and blood ammoma, 56
and blood ketone, 57-58, 67
capillary permeability 1, 154
and Dibenamme, 91
and Dibenzylne, 102-104, 106-108
fluid for, 154
hemodilution m, 110
and wnfusion of sodium octanoate 1n
ammal, 67
and kidney blood flow, 91
and kidney vasoconstriction, 95
hver amino acid mtrogen 1n, 64
hver ammomia m, 64
after nephrectomy, 94
resistance to, 49, 100
urea formation 1n, 62
sublethal, shock resistance due to,
49, 100
in sympathectomized dog, 104
and urea formation, 62
Hexamethonium, preoperative, 109
Histamine, 1 release of epinephrine and
nor-epinephrine  from  adrenal
tumor, 184
Hormone
adrenal
and fatty liver, 46
and njury, 30, 44
and msulin hypoglycemia, 39

and nitrogen metabohsm, 36
m shock, 46

adrenocorticotropic See ACTH
growth, and fatty hver, 46

Horse, nor-epmephnne in coropary ves-
sel of, 187

267

Hypertensm, vs VEM, 244

Hypertension, essential, and nor-epmeph-
rne, 196

Hypoglycemia
due to msulin, and adrenal hormone,
39
and mtrogen metabolism, 36-39

Hypotension
bramm after, 118-119, 121
cerebral circulation n, 121
due to Chloromycetin, 140
and Dibenzyhne, 102-104
and fermtmn, 82-84
hemorrhagic, after resistance to drum
shock, 146
after mfechon, 155
and hver function, 63
orthostatic
classical, 195-196
with tachycardia, 208
postural
epmephnne and nor-epmephrine 1n,
195
neurogenic, 122
and VEM, 82-84, 92, 96
Hypothalamus, epmephrme secretory
center 1, 176-177
Hypoxia
of kidney, 245
liver resistance to, 109
of tissue 1n shock, 117
and VEM, 92
See also Anoxia

I

Ihdar, structural formula, 226

Immobihzation, and basal metabolic rate,
45

Impala, epinephrine and nor-epmephrine
m suprarenal gland of, 171
Indole acetic acid
chemical formula, 243
m mhibition of mono amime oxidase,
237, 238
Injury
and adrenal hormone, 30-34, 44
ammo acid after, 29, 30
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Exercise
and kidney function, 191
and shock resistance, 49

Eye of mouse, effect of epmephrine and
nor-epinephrine on, 182-183

F

Fat, metabolism of, in shock, 56

Femoral artery
epmephrine mjection into, 224
and sympathomimetic amine, 211

Ferritin
as antidiuretic, 87
and ascorbic acid, 114
and cysteme, 114
disulfide, 85, 86
functions of, 87
and glutathione, 114
and hypotension, 82-84
mactivation of
by antiferntin, 114-115
by shock resistant rat, 99
m kidney, 86
and the hver, §2-88, 99
after Dibenzyhne incubation, 111
metabohsm of, 113-118
and phosphoglucomutase, 113
and plasma ammo acid nitrogen 1n
shock, 116-117
m shock, wureversible, 118
and shock resistance, 99-100
m spleen, 86
sulthydryl, 85-86
vs VEM, 115
Ferntmmema, 88
Fetus
epmephnne m, 170
nor-epimephrine in, 170
Fiber, adrenergic, 164
Fibrinogen, hepatic synthests of, after
shock, 63
Flwd, for shock, 142, 143, 156
Formahn, mitrogen metabolism after in-
jection of, 37

Fowl
epmephrine response of, 166

nor-epinephrine response of, 166

Shock and Circulatory Homeostasis

Fracture of leg, mtrogen excretion after,
31-32

Fridenchsen-Waterhouse syndrome, hypo-
tension 1, 155

Fright, epinephnne after, 208
Frog, and epinephrine, 222

G

Ganglion
of dogfish, catechol amines n, 172
preoperative blockade of, 109
Gazelle, epmephrnne and nor-epmephrine
m suprarenal gland of, 171

Gland
lymph, epmmephrmme and nor-epmeph-
rine 1n, 181
parotid
epmmephrine 1, 163, 173
nor-epinephrine 1n, 1683, 173
submaxillary
epmephrine 1n, 163, 173
nor-epmephrine 1n, 163, 173
See also Adrenal gland, Suprarenal
gland

Glomerular filtration rate
after epmephrine, 219-220
after nor-epinephrine, 219-220

Glucose tolerance test

and ACTH, 39

and cortisone, 39-44

m 1illness, 41-44
Glutathione, and ferritin, 114
Glycogen, m hver m shock, 66
Growth hormone, and fatty hver, 46

Guinea-pig, epmephrine and nor-epmeph-
rine 1 suprarenal gland of, 171

H

Heart
coronary flow, after epinephrine, 203
and cpmephrine, 163, 200-201, 203-
204, 217, 224
and nor-epinephrine, 163, 168, 201,
217
output of, 200-201
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Liver—Cont'd
and growth hormone, 46
after imjury, 29
and fermtin, §2-88, 99
mono amine oudase m, 236
nor-epmephrme 1n, 163, 180
oxygen consumption of, 69-72
and plasma amino acid rutrogen, 60-61
protemn metabolism 1, 64
resistance of, to oxygen deficiency, 109
m shock, 78, 117, 124-125
bactenal factor, 131-132
carbohydrates, 66
glycogen, 66
ureversible, 78

shice of, and Dibenzylne incubation,
111

and urea formation, 62-63
Lung
epmnephrine 1, 163
nor-epinephrine 1, 163
Lymph gland, epmephrme and nor-
epmephrine mm, 181

o

M

Malaria, hypotension m, 155

Man, epmephrine and nor-epmephrine mn
suprarenal gland of, 171
Marrow, nor-epinephrine 1, 180

Massage, 1 release of epmephrine and
nor-epmephrine from adrenal
tumor, 184

Medulla, adrenal See Adrenal gland

Membrane, nictitating, effect of sympa-
thomimetic amine on, 210

Mesenteric artery, sympathomimetic
amme m, 210, 211

Mesenteric nerve, 218

Mesentery, mono amme oxidase activity
of, after Benadryl, 238
Methylarterenol, 209
Methylation, of nor-epmephrine, 182-183
Methylene blue
chemical formula, 243

m mhibition of mono amme oxidase,
238, 240

269

Methylepmephrine, 209, 210

Mitochondria, 235
mono amme oxidase m, 236
and streptomycin, 137
Mono amine oxidase, 232-244
mhibition of, 237-244
Muscle
blood flow mn
after ntra-artenal mjection of epi-
nephrine, 225-232
after mtra-artenal mjection of Prisco-
line, 228
smooth
and nor-epmnephrine, 205
and toxin, 156
striated
epmephrne 1, 163
nor-epmephrine 1, 163
vasodepressor material from, 87
Myocardium
effect of epinephrine and nor-epimeph-
rine on, 203-204
effect of sympathommmetic anmune on,
210
See also Heart

N

Neomycin, for shock, 128, 127, 135
Neosynephrine, 231-232

for barbiturate poisoning, 250
Nephrectomy

hemorrhagic shock after, 94

and mtrogen metabohsm, 33
Nerve

adrenergic, 180, 185

and epimephrine formation, 174

epmephrine m, 164

mesenteric, 218

nor-epmephrine m, 163-165
Nervous system, sympathetic

blockade of, for shock resistance, 100-
113

m shock, 119-122
Neurohypophysis, and ferntin, 87
Neuron

adrenergic, 164, 174

nor-epmephrine formation by, 178
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Injury—Cont’d
carbohydrate metabolism after, 29, 51,
54
due to drumming See Shock, due to
drumming

fatty lhiver after, 29
mitial response to, 28-46
mtermediary response to, 50-59
ketosis after, 29
nitrogen metabolism after,

36-38
shock due to See Shock, traumatic
sublethal, and shock resistance, 47-50
due to tourmquet, 30

See also Shock, tourmiquet

29, 30,

Insulin
and ACTH, 46
and corhsone, 45-46
and epinephrine output, 194, 197
and liver glycogen m shock, 66
nitrogen metabolism after mjection of,
38-39
resistance to
and ACTH, 46
and cortisone, 45-46
Intestine
bacteria from, in shock, 98, 132, 140
relaxation of, 218
vasoconstrichion mn, 218
Iron, as vasodepressor, 113
Ischemia, of kidney, 72
Isopropylarterenol, N-, 209-210
Isopropylnorepinephrine, 209-210

Isuprel, 209

K
Ketone, in blood, 57-58, 66-67

Ketos:s
and Addison’s disease, 58
and adrenal cortex, 47
and epmephrnne, 58
after mjury, 29
m rat, 57

Kidney
and Benadryl, 245

circulation 1n
and Dibenamine, 98

Shock and Circulatory Homeostasis

Kidney—Cont’d
and epmephrnne, 98, 215-216
after hemorrhage, 74, 91
medullary vs cortical, 96
after nor-epmephrine, 215-216
and shock resistance, 101
denervated, 219-222
and epmephnne, 98, 163, 215-216,
218-222
after denervation, 218-222
ferntin 1n, 86
function of
and exercise, 191
and occlusion of renal artery, 71
hypoxia of, 245
1ischemia of, 72
and mtrogen metabolism, 33
and nor-epmephrme, 163, 215-216,
219-222
oxygen consumption of, 71
and renin, 245
and vascular hyperreactivity, 245-246
vasoconstriction of, 245
and VEM
mm hypotension, 82-84
after remin, 245
1 shock, 89-96

L

Lactate-pyruvate ratio, 54

Leg, mtrogen excretion after fracture of,
31-32

Limb, after clamping, 141-143, 147-148

Lion, epmephrine and nor-epmephrine
m suprarenal gland of, 171

Liver
mn arenal rat, 97-98
blockade 1n, 80-81
and blood pressure, 63
bromsulfalein removal by, 73-78
carbohydrate 1 shock, 66
circulation 1, 68-72
and ammo acid nitrogen, 69
after Dibenamine, 120
and ferritin, 82-88
after hemorrhage, 72-82
epinephnne 1n, 163, 180, 201
fatty
and adrenal hormone, 46
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Nor-epmephrine—Cont’d
vasoconstriction due to, 201
See also Arterenol

0

Octanoate, sodium, 68
and blood Letones 1n shock, 66-67

Oxidase, mono amine, 232-244

Oxygen
consumption of
by kidney, 71
by myocardium, 204
and sympathomimetic amine m urine,
190
1 hepatic venous blood, 119
and hver function, 69-70
portal venous, and blood amino nitro-
gen, 60
splanchmc consumption of, 74
See also Anovia, Hypoxia

Oxygen difference, hepatic arteriovenous,
74

P

Palpation, m release of epmephrme and
nor-epmephrine from adrenal
tumor, 184

Parotd gland
epmmephrine m, 163, 173
nor-epmephrine 1, 163, 173
Pemicillm, for shock, 125, 127, 128, 134
Peptidase, m plasma shock, 55
Permeabihity, vascular, 154, 156
Pheochromocytoma, 200
nor-epmephrine 1n
blood level, 196
In urme, 192, 196-197
production of catechol amines, 182, 183
shock due to removal of
epmephrine for, 248-249
nor-epinephrine for, 249
Phosphocreatin, 1n shock, 66
Phosphoglucomutase, and ferritin, 113
Phosphorus, 1n shock, 66

Physostigmine, and shmulation of spleen,
187

271

Pig, effect of epinephrine and nor-epi-
nephrine on, 202

Pitressin, and coronary artery, 204

Piturtary gland, epmephrine after removal
of, 174

Placenta, sympathommetic amine 1, 163

Plasma
amo acid 1n
after mjury, 29, 30
m shock, 118-117
amimo acid mitrogen n
measurement of, 59
n shock, 60-61
ammomnia 1, 1n hemorrhagic shock, 56
ludney flow of, 219, 223
nor-epimephrine m, 192

Poisoning due to barbiturate, neosyneph-
rme for, 250

Polyvinylpyrrohidone, for shock, 142

Portal vem, oxygen saturation m, and
blood amino mtrogen, 60-61

Priscoline
mtra-artenial mjection of, blood flow
after, 227-231
i methylation of nor-epinephrine, 186
structural formula, 226

Privine, chemical formula, 243

Protemn
and blood sugar after imjury, 51
metabolism of
m hver, 64
m shock, 54-55

Prothrombin, hepatic synthesis of, after
shock, 63

Pupil of mouse eye, effect of epinephrine
and nor-epmephrine on, 182-183

R

Rabbit
and effect of sympathommmetic amine
on, 210
epinephrine and nor-epmephrine 1
suprarenal gland of, 171
Rat
arenal, liver m, 97-98

bactenial mvasion 1n, after cortisone,
140
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Nicotinamide, and blood ketones, 58
Nicotmic acid, and blood ketones, 58

Nictitating membrane, effect of sympa-

thommmetic ammne on, 210

Nmhydrin method, colorimetric, 1n mea-
surement of plasma amino nitro-

gen, 59
N-1sopropylarterenal, 209-210

Nitrogen

ammo acid, 64, 69
measurement of, 59
in plasma, 59-61, 118-117
m shock, 60-61

excretion of, after leg fracture, 31-32

metabolism of
and adrenal hormone, 36-39
and epinephrine, 33-34
after formalin injection, 37-38
and hypoglycemia, 39
after mjury, 29, 30, 36-38
after msuln mjection, 38-39
and kidney, 33-34
m shock, 29, 30, 54-55
after trauma, 29, 30

urea, in blood, 61-62

Noble-Collip drum, 28

Noradrenaline
chemical formula, 243
See also Nor-epmephrine

Nor-epmephrine
1 adrenal tumor, 182-185
i adrenal vein, 177
after adrenalectomy, 190
broassay, 165-166, 183-184
mm blood, 192, 196
mm bone marrow, 180
m brain, 163
cardiac output after, 201
cardiac rate after, 201
and colon, 217
n coronary thrombosis, 195
in coronary vessel of horse, 167
and Dibenanune, 98
enzymatic reachon, 223-224
epmephrine-like action of, 205
m fetus, 170
formation of

by neuron, 178
mn shock, 181

Nor-epmephrme—Cont’d

m gland
submaxllary, 163, 173
suprarenal, 170-172
and glomerular filtration rate, 219-220
i heart, 163, 217
m hypertension, essential, 196
after insulin, 194
mtra-arterial mjection of blood flow
after, 225-239
mtravenous mfusion of, 192
and kidney, 163, 219-222
circulation, 98, 215-216
denervated, 219-222
mn her, 163, 180
m lung, 163
methylation of, 186
by choline, 182-183
after mono amine oxidase mhibitor, 240
in muscle, stnated, 163
after muscular work, 197-198
and myocardium, 203-204
mn nerve, 163-165
neuron formation of, 164
mn parotid gland, 163, 173
and peripheral resistance, 200
m pheochromocytoma, 182, 183
and plasma flow, renal, 219, 223
in postural hypotension, 195
and mouse pupil, 182-183
response of terminal vascular bed to,
112
n sheep heart, 168
and shock, 247-254
due to pheochromocytoma removal,
249
and smooth muscle, 205
and sodium excretion, 220-222
m spmal anesthesia, 248
m spmal cord, 163
and spleen, 163, 178-179, 180, 181,
217-218
contraction, 214
stimulation, 187
n splenic nerve, 163-165, 217-218
stoichiometric reaction, 223-224
subjective effects of, 207-208
mn thymus, 181
m tissue, 185
and urine, 188-198, 216
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Shoch—Cont’d
hemorrhagic—Cont'd
of prothrombin, 63
and mpending death, 53-54
wreversible
ferritin 1n, 116
hiver i, 124-125
Liver 1n, 78, 117, 124-125
bactenal factor, 131-132
carbohydrates, 66
glycogen, 66
metabolism 1n, 59-68
mtermediary, 50-59
mixing time 1n, 253
Neomycin for, 126, 127, 135
nitrogen metabolism 1, 54-55
nor-epmephrine 1, 247-254
formation, 181
pemcillin for, 125, 127, 128, 134
plasma amino acids in, 116-117
mtrogen 1n, 60-61
plasma peptidase i 55
polyvinylpyrrohdone for, 142
protem metabohsm 1n, 54-55
rate of induction, 52-53
resistance to, 146
and circulation 1 kidney, 101
after Dibenzyline, 100-118
after drumming, 47-50, 99
and exercise, 49
after hemorrhage, 100
streptomycin for, 126, 137
sulfathalidine for, 126
and sulfhydryl fermtin, 85
sympathetic nervous system m, 119-122
Terramycin for, 126
tissue hypoxia 1, 117
tournmiquet
bacterial factor 1n, 133
phosphate compounds i, 68
toxn 1, 148-1586
traumatic
and adrenal gland, 30
and adrenal hormone, 30-34
and adrenalectomy, 30-34
ammo acid after, 29, 30
n arenal ammal, 90
Aureomycin for, 145

carbohydrate metabolism after, 29
fluid for, 154-155

\
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Shock—Cont’d
traumatic—Cont’d
mitial response, 28-46
ketosis after, 29
nitrogen metabolism after, 29, 30
resistance to, 99
vasoconstriction 1n, 81, 249, 252
vasopressor for, 249
VEM 1n, 89-96
due to wound, flmd for, 154-155
SKF 688-A See Dibenzyhne

Skin
blood flow 1n
after intra-interial mjection of epi-
nephrine, 225-232
after intra-arternial mjection of nor-
epmephrme, 225-232
after intra-artenial injection of Pris-
coline, 228
of frog, and epmephrine, 222
Sodium, excretion of
after epmephrime, 220-222
after nor-epiephnne, 220-222
Sodium octanoate, 68
and blood ketones m shock, 66-67
and ketone body in shock, 58
Spmal cord, nor-epinephrine 1n, 163
Spleen
contraction of, 213-214
due to epmephrine, 214-215
due to nor-epinephrine, 214-215
denervation of, 178, 181
epinephrine m, 163, 217
ferritin, 86
and nor-epmephrine, 163, 178-179, 180,
181, 187, 214, 217-218
m shock procedure, 90
stimulation of
epinephrine after, 187
nor-epinephrine after, 187
and physostigmme, 187
Splenic nerve
epmephrine 1, 217-218
nor-epmephrine 1, 163-165, 217-218
Squurrel, epinephrme and nor-epmephrine
1n suprarenal gland of, 171
Streptomycin
and matochondrnia 137
for shock 128, 137
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Rat—Cont’d
and epinephnine, 217
m suprarenal gland, 171, 172
ketosis m, 57
and nor-epmephrine, 217
m suprarenal gland, 171, 172
shock 1n, Aureomycm for, 141-142
suprarenal gland of
epmephrine 1, 171, 172
nor-epmephrine m, 171, 172
Regitine, structural formula, 226

Relaxation, intestinal, nervous mediation
of, 218

Renal artery
occlusion of, and kdney function, 71
sympathomimetic amine m, 209, 211

Renal vemn, circulation, 94-95

Renmn
and kidney, 245
and VEM effect, 244-245

S

Serum, antifernitin, for shock, 114-115

Sheep
epmephrine and nor-epmephrine 1
suprarenal gland of, 171
sympathomimetic amme 1 heart of,
168

Shock

ACTH for, 140
adrenal hormone 1n, 46
and adrenalectomy, 30-34, 47-48, 53
ammo acid

metabolhism, 54-55, 60-63

mn plasma, 116-117
antibrotics for, 125-146, 156
antiferntin serum for, 114-115
Aureomycin for, 125, 127-128, 153-

189, 141-143, 145

Bacitracmn for, 126
bactenal factor 1n, 123-156
blood amino mtrogen 1, 60-61
blood culture 1, 128
blood pooling 1n, 253-254
blood sugar m, 51, 54
blood urea m, 58
blood volume m, 110

carbohydrate metabolism 1n, 51, 54
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Shock—Cont'd
catechol amme formation in See Epi-
nephrme, Nor-epimephrine
chloramphenicol for, 126, 135-1386, 137
Chloromycetin for, 140
and clamping, 141-143, 147-148
conditioning to
by sublethal bleeding, 49
by sublethal drumming, 47-50
cortisone for, 140
dextran for, 142
and Dibenamine, 91, 142, 251
alcohol, 111
and Dibenzylne, 100-113
due to drumming
mn arenal ammal, 90
Aureomycin for, 145
hemorrhagic hypotension after resis-
tance to, 146
mortahty m, 97
resistance to, 99
resistance to, after Dibenzylne, 100-
102
epinephnne for, 251, 252
epinephrine formation i, 181
fat metabolism 1n, 56
ferritin m, 116-117
flud for, 142, 143, 1586
hemorrhagie, 53, 54, 56
m arenal ammal, 89-90
bactenal factor i, 123-156
and blood amino acid mtrogen, 54-
55
and blood ammoma, 56
and blood ketones, 57-58, 67
capillary permeability in, 154
and Dibenamine, 91
and Dibenzyline, 102, 106-108
flud for, 154
hemodilution m, 110
and kidney blood flow, 91
and kidney vasoconstriction, 95
liver amino acid nmitrogen 1n, 64
liver ammonia 1n, 64
after nephrectomy, 94
resistance to, 100
after sodium octanoate nfusion, G7
urca formation mn, 62
and hepatic synthesis
of fibrimogen, 63
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Shock—Cont’d
hemorrhagic—Cont’d
of prothrombin, 63
and 1mpending death, 53-54
ureversible
ferritin 1n, 116
Iiver i, 124-125
hver i, 78, 117, 124-125
bactenal factor, 131-132
carbohydrates, 66
glycogen, 66
metabolism 1n, 59-68
mtermedary, 50-59
muung tume m, 253
Neomycin for, 126, 127, 135
mtrogen metabolism 1, 54-55
nor-epmephnne 1, 247-254
formation, 181
pemicilhn for, 125, 127, 128, 134
plasma ammno acids 1n, 116-117
nmitrogen 1n, 60-61
plasma peptidase 1n 55
polyviylpyrrohdone for, 142
protemn metabolism 1n, 54-55
rate of induchion, 52-53
resistance to, 146
and circulation 1n kidney, 101
after Dibenzylne, 100-118
after drumming, 47-50, 99
and exercise, 49
after hemorrhage, 100
streptomycin for, 126, 137
sulfathahdme for, 126
and sulfhydryl ferntin, 85

sympathetic nervous system 1, 119-122
Terramycin for, 126
tissue hypoxia m, 117
tourmiquet
bactenal factor 1n, 133
phosphate compounds 1n, 66
toxm 1n, 148-156
traumatic
and adrenal gland, 30
and adrenal hormone, 30-34
and adrenalectomy, 30-34
ammno acid after, 29, 30
i arenal animal, 90
Aureomycin for, 145

carbohydrate metabolism after, 29
fluid for, 154-155
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Shock—Cont’d
traumatic—Cont’d
mmtial response, 28-46
ketosis after, 29
nitrogen metabohsm after, 29, 30
resistance to, 99
vasoconstnction 1, 81, 249, 252
vasopressor for, 249
VEM 1n, 89-98
due to wound, flmd for, 154-155
SKF 688-A See Dibenzyline
Skin
blood flow 1n
after 1intra-nterial mjection of epi-
nephrine, 225-232
after intra-artenal mjection of nor-
epmephrine, 225-232
after tra-artenal injection of Pris-
coline, 228
of frog, and epmephrine, 222
Sodium, excretion of
after epmephrine, 220-222
after nor-epmephrine, 220-222
Sodium octanoate, 68
and blood ketones 1n shock, 66-67
and ketone body mn shock, 58
Spinal cord, nor-epinephrine 1n, 163
Spleen
contraction of, 213-214
due to epmephrine, 214-215
due to nor-epmephrine, 214-215
denervation of, 178, 181
epinephrine 1n, 163, 217
ferritin, 86
and nor-epmephrine, 163, 178-179, 180,
181, 187, 214, 217-218
m shock procedure, 90
stimulation of
epmephrine after, 187
nor-epmephrine after, 187
and physostigmme, 187
Splenic nerve
epmephrine m, 217-218
nor-epmephrme m, 163-165, 217-218
Squurrel, epmephrine and nor-epmephnne
in suprarenal gland of, 171
Streptomycmn
and mitochondna 137
for shock 126, 137
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Stress
and adrenal cortex, 36-38
emotional, 207-208
and epinephrine, 176, 207-208
and sympathomimetic amine 1n urne,
190-191, 197-198
Submaxillary gland
epinephrine 1n, 163
nor-epinephrine m, 163, 173

Sugar, 1n blood
and cortisone, 39-44
m shock, 51, 54

Sulfathalidine, for shock, 126

Sulfhydryl group, vasoactivity due to, 85
Suprarenal gland
epwmephrine 1, 170-172, 175-176, 207
medulla of
and epmephrnne, 207
epinephrine secretion from, 175-176
and formation of sympathomimetic
amines, 172
nor-epmephnne 1n, 170-172
See also Adrenal gland
Sympathectomy,
dog, 104
Sympathetic nervous system
blockade of, for shock resistance, 100-
113
mn shock, 119-122
Sympatho-adrenal system, 207
Sympatholytic drug, in methylation of
nor-epmephrine, 186

hemorrhage after, 1n

Sympathommetic amine
Sympathomimetic,
Nor-epinephrine

See Amine,
Epmephrine,

Synapse, peripheral, and epinephrine, 207

T

Tachycardia, and apprehension, 208

Taquum procedure, and VEM, 96

Terramycin, for shock, 126

Tetracthy lammonium chloride, 153

Thrombosis, coronary, nor-epmephrine
m, 195

Tissue 5
epinephrine 10, 162, 185

Shock and Circulatory Homeostasis

[y

Tissue—Cont’d
hypoxia of, m shock, 117
nor-epmephrine 1, 162, 185

Toad, epmephrime and nor-epimephrine
in suprarenal gland of, 171

Tolazoline, 1n methylation of nor-epi-
nephrine, 186
Tourmiquet
mjury due to, 30
shock due to, 133
bacterial factor in, 133
phosphate compounds 1n, 66

Toxin, bacterial, ;n shock, 148-156

Transfusion, refractoriness to, 103
after ferntin, 84

Trauma
diabetic, 29
See also Injury

Tumor, of adrenal gland, 182-185

Typhoid vaccine, hypotension after n
jection of, 155
chemmcal formula, 243

Tyramine, 234

U

Urea
m blood, 1n shock, 56
distribution of, 33-35
formation of, 33-35, 61-62
and adrenal hormone preparations,
36-39
and the liver, 62-63

Urenua, and transmural mugration of
intestinal bacteria, 98

Ureter, cffect of sympathomimetic amine
on, 210

Urine
output of
after epmephrine, 216
and excrcise, 191
after nor-cpmephnne, 216
sympathomimectic amme 1, 188-198

Uterus, cffeet of symphathomimeltic
amne on, 210
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Vascular bed
sensitization of, 245-246
terminal
m arenal dog after hemorrhage,
89-90
crrculation through, 103
and Dibenamine, 105-106
and Dibenzyhne, 103, 107-108, 112
and epmephrine, 105-106
and nor-epmephrine, 112
and VEM, 112
Vasoconstriction
m arenal dog after hemorrhage, 89-90
after Dibenzyline, 1083
nervous mediation of, 218
due to nor-epmnephrine, 201
peripheral, 1 shock, 81
renal, 245
m hemorrhagic shock, 95
for shock, 249, 252
after sympathomimetic amune, 210
Vasodepressor matenal
apoferritin as, 113
iron as, 113
See also Ferritin
Vasodilation
n arenal dog after hemorrhage, 90
after epinephrine, 201, 210
after sympathommmetic amine, 210
Vasomotion, spontaneous, in arenal dog
after hemorrhage, 89-90
Vasopressor, for shock, 249
VDM

and anesthesta, 92-93
See Ferritin

Vein
adrenal, nor-epinephrine concentration
m, 177
portal, oxygen saturation m, m blood
amimo nitrogen, 60-61

renal, circulation 1, 94-95

VEM

and anoua, 92

vs ferntm, 115

vs hypertensin, 244

and hypotension, 82-84, 92, 96

and hypoxia, 92

and potentiation of vascular bed to
epmephrine, 246

and renm, 244-245

response of terminal vascular bed to,
after Dibenzyline, 112

m shock, 89-96

and Taqum procedure, 96

W

Waterhouse-Friderichsen syndrome, hypo-
tension m, 155
Whale
epmephrime and nor-epmephrine m
suprarenal gland of, 171
suprarenal gland i, 172
Wildebeest, epmmephrme and nor-epi-
nephrine m suprarenal gland of,
171
Work

and sympathomimetic amime 1n unne,
190-191, 197-198

Wound shock, 154-155

Zebra, epmephrme and nor-epmmephrine
in suprarenal gland of, 171



