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Foreword

ON Max 1, 1847, toe Fellowship of The New York Academy of Medi-
cing approved the organization of the Section on Microbiclegy, thus
establishing the Gest section of the Academy devoted to basic medical
sciences.

Ample opportunities are already available for presentation and pub-
lication of scientific papers. However, with inereasing duemty com-
plexity, and specxahzauon there is evidart ~ - )
digest and ¥
The m: < axe w0 provade a forum for the
exchang. v mtormation amongst the workers engaged in basic and
clinical sciences.

Accordingly, the scape of interest of the Section on Microbiolagy s
broadly debined as embodying the following: (1) bacterolagy, myeol-
ogy, and parastology, (2) viruses and rickettsiae, {3} malaches of
unknown or pncertain etwology, ppssibly of ifectious origin, {4) im-
munology, (3) chemotherapy, {6} pathology velative to microbiology,
and {7} methods of study adopted from related sciences as apphed to

bialogy The programs of ings of the Section are arcanged
to deal with single topicy in thew various aspects In addition to regu-
tar monthly everung meetings, several symposta are orgamzed vearlv,

each g af tive aftertions am3 -

teiprte —- .
thus .o suentine data wod concepts
to the waunuun of the ologists and athed lak ¥ and climeat

mvestigators Symposia ate soon forgotten «f they are not published,
but thewr benefits may be retained by prompt publication Important
servsee 15 rendered by the Columba Urversity Press, which has ua-
Qertaken the publication of tlus senes under the auspices of the New
York Acad of Med and the editorship of the r
men of the symposta

P chaiz-

GREGORY SYwARTZMAN
New Yark, NY
Apnil, 1953
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Chapter 1
INTRODUCTION

By Grecony SrwaRTZMAN

Ix onbER 70 Grasy the sigraficance of the impact which may be pro-
duced in the near future by the information to be presented at this
symposium it may be well to recall the penodical shifts in interest
which succeeded one another during the past fifty years in the sciences
deabng with mfection and resistance, It was only natural for investi-
gators to be impressed by discoveries of specific causes of diseases and
specific reactions of the body to these diseases This was an era best de-
fined as the era of “spewsficity.” Thus, the main emphasis was laid upen
the mvading agent, 1ts behavior and ch 1sties, and the yesy
of the body to the invader expressing stself m speaific antibodies As
fantful as this trend was, mpasses began to appear Consequently,
many departures from previous thinking resu)(ed from a large body of
ed with + mp and to
disease which conld not be esplained (m the basls of speasfic immumty,
namnely refractormess of certam anmal spectes to highly infectious
agents, vanations m susceptibility to disease withsn the same animal
spectes which could not be accounted for by the presence or absence
of hodies, vanations upon genetic selections, seasonal
vaniations, selective affinities for various tissues and argams, variations
10 age susceptibihty, and so forth
When considered together, these facts mdscate the eustence of im-
portant factors wnrelated to speatfic smmumty which may determine
the predispasition or resistance of the host In other words, the tume
has come to shift our anterest from the causative agent to the bost,
Although the possible role of hoxmnnes n precisposiion and resist-
ance to disease has been Jong susg , p studhes, especaally
reference to adrenocortical function, were at best equivoeal, mamly
becanse adrenacartical extracts of ko and vanable potency and repre-
senting miviures of various hormones were used The effect of adrenal-
ectamy on resstance to mfection, although a subject of prolonged m-
vestigation, farled to give clear-cut information beyond the fact that




4 INTRODUCTION

the absence of the adrenal cortex renders the host extremely susceptible
to a variety of toxic and infectious agents, while administration of
adrenocortical extracts may restore the normal resistance of the adren-
alectomized animal.

However, the attempts in this direction have gained a considerable
impetus from the isolation and physiological identification of adreno-
cortical and adrenocorticotrophic hormones. Shortly after the infrodue-
tion of the hormanes for clinical use, the investigators were 50 im-
pressed with the beneficral therapeutic effect of the hormones on
certain diseases that the initial experimental studies were primaxily
designed to test their curative value in bacterial and viral diseases. It
was soon found that the hormones exerted no protective effect. By re-
versing the conditions of the experiments some investigators were able
to demonstrate the opposite effect, the enhancement of infections.

Although the investigations about to be reported at this sympostum
will deal primanly with the effect of AGTH and cortisane upon infec-
tion and t the Organizing Committee deemed it important
to devote a portion of the time to general considerations of the action
of the hormones, namely, their effect upon metabohe functions and
structural elements of the organism, with the hope that the knowledge
of these basic facts will aid us in the understanding of the mechanism
of the effect of the hormones upon infection and resistance. The struc-
tural changes produced by the h are Jikely to atiract our atten-
tion first. Although very interesting and important, they have to be
viewed as a morphological expression of the profound physiological
role which the b play in many metabolic f There may
be, indeed, different phases of these functions concerned with the
relationship of the host to various viral and bacterial mvaders.

It will be d rated at this symp that in some infections
the effects of ACTH and cortisone are similar, while in others, differ-
ences evist between the action of the two hormones. In the evaluation
of the results it may be well to ber the basic diff 1
the physiologieal action of these hormones,

Under normal conditions adrenocortical function represents a dels-
cately balanced hormonal system capable of elaborating a variety of
adrenocortical hormanes. ACTH stimulates the adrenal cortex as a
whole, thus app eliciting the prod of a number of hor-
mones in addition to cartisone or compound F. In sharp contrast, the
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administration of cortisone results in a depression of the function of
the adenal cortex, presumebly depriving the body of adrenocortical
hormanes other than cortisone. The differences beween the effects of
ACTH and cortisone may thus be due to the ability of seme adrenocor-
tical hormones to oppose the action of cortisone. This is merely a work-
g hypothesis.

At this stage we can do no more than to branch cut over a single
plane and hope to arnve slowly through differentiation at the under-
standing of this new Beld, Fusther progress may be facilitated if we
wvoid generalizations. But I am sure you will ali agree that we are about
to enter a new and fascivating field of studies on host-parasite relation-
shups.
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mones in addition to i or P d F. In sharp contrast, the




ADRENAL CORTEX IN INTERMEDIARY METABOLISM 7

vestigators in other fields who previously did not concern themselves
with the role of endocrines in their experimental results are now ac-
tively engaged in studies in which great emphasis is being placed on
the influences of the secretions of one gland, the adrenal cortex. It is
essential that thesc investigators now have an appreciation of certain
basic facts and concepts of endocrinology. On the other hand, it is also
obvious that those who have been interested in certain narrow aspects
of endocrinology need to broaden their own vistas, and thereby help
to bridge the gap still existing between the varous interests that have
centered on the adrenal cortex. This should be a profitable procedure
for alt of us and should result in a cross-fertihzation of knowledge and
ideas that ought to yield fruitful results. Our greatest need at the mo-
ment is for co-aperative fnvestigation which will serve to make a mean-
ingful link between the metabolic and the other aspects of adrenal
hormone action.

My approach in this discussion then wilf be to review certain con-
ceptsof b function which I ider to be cogent to our mutual
problems, to outhne briefly the better-dmown metabolic efects of the
adrenal hormones, and finally to present some data which may serve to
tink metabolism and function in relation to certain aspects of infection
and resistance.

The most b15m concept concemning the endocrine glands 15 that they
are p i 1 with the mah of h tasis. It
is now generally recognized that with respect to the control of mter-
medhary metabolism the adrenal cortex acts in conjunchon with the
secretions of other endocrines to maintan metabohe homeostasis, The
state of normal metabolic balance 1s dependent on the fine adjustment
and mterplay of the secretions of the antenor piturtary, thyroid, adrenat
cortex, and pancreas. In the event of insufficrency or overactivity of one
o1 more of the hormones of these glands a state of disequihbrium results
which persists until a vew level of adjustment 1s achieved, but in each
case the orgamsm loses 1 varying degrees 1ts ability to make those
rapid metabolic adjt which are ial to the of
health or even hfe The achon of hormones in metabolism 15 stretly
regulatory, mvolving only rates of reactions, no single mehbohc action
being either smitrated, 7 d, or even dependent vpen h
In the absence of the pmntary‘ the adrenal cortex, and the pancreas,
the gross metabohe picture may appenr surpnsmgly normal, but the




Chapter 2

SOME GENERAL CONSIDERATIONS CON-
CERNING THE ROLE OF THE ADRENAL
CORTEX IN INTERMEDIARY METABOLISM

By Fraxx L. Encer, Departments of Medicine and Physiology,
Duke University, Durham, North Carolina

V\Z: HAVE BEEN ASKED to open this symposium on the effect of ACTH
and cortisone upon infection and resistance by discussing some aspects
of the role of the adrenal cortex in intermediary metabalism. Although
it had been suspected for some time that the adrenal cortex has an
snfluence upon intermediary metabolism, the basis for our modern
concepts concernng this function lies in the report of Long, Katzm, and
Fry in 1940 (1), a study with which I am sure you are aH thoroughly
familiar Since then a vast amount of investigation has been done in this
area. It is obviously impossible for me to review even the most salent
details of this work m the time available; nor do T think it would be
justifiable to do so before this group, even if ime permitted, since most
of it is so well known to you. I believe that 1t will be more profitable
to discuss certain working T g the possible mect

by which the adrenal cortex, as well as other endocrme glands, inter-
vene 1 intermediary metabolism While 1t 1s true that the intensne
study of the metabolic actions of the adrenal cortex has not yet yrelded
to us the information y to establish precisely the function of
this gland, nevertheless, 1t has bcen possible to crystallize more defintte
concepts as to how the adrenal cortex and the endocrmes fit mto the
total pattern of the regulatory mechamsms of the body from metabolic
studies than from nvestigatton of any of the other body functions

known to be mifluenced by the adrenal cortex. At the same time it is

true that Hench and Kendall's discovery of the therapeutic action of

cortisone wn rheumatosd arthntis and the developments which have

resulted from this discovery have opened new vistas for research and

have made 1t only too app thata ¢ 1 of the fi of

the adrenal cortex only m terms of intermediary metabolism wall hmit

rather than extend knowledge. As a result of this discovery, many -




ADRENAL CORTEX IN INTERMEDIARY METABOLISM 9

Another concept which is particularly pertinent to any discussion of
the adreual cortex is that of the so-called “permissive” action of a hor-
mone, that is, the concept that 2 hormone is necessary, but not responsi-
ble, for a particular response (). This, of course, will be recognized as
simply another way of stating what we said above, namely, that hor-
mones do nat initiate or stop any metabolic reactions, but simply modify
rates of reactions.

This permissive concept is exemplified best in studies on the response
to injury and its relation to the adrenal cortex. Tt 15 now well known that
the normal organism responds to injury 1 a fairly charactenstic man-
ner, a response which has been referred to by Selye as the “alanm
reaction.” The features of this reaction which are common to almost all
types of bodly insults include a negative nitrogen balance, an impaired
carbohydrate tolerance, a tendency to ketosis, a negative potassium and
phosphate balance, relenhon of sodjum and chlonde. eosinopenia and
Jymphopeni: of lymphoid tissue, and thymic atrophy. At
the same e, there are evidences of enhanced activity of the pituitary-
adrenal axis mamfested by ascorbic acid and cholesterol depletion of
the adrenal glands, ndrenal hypertrophy, elevated levels of blood
corticads, and aof corti ds in the urine. Since
none of these changes takes place in the absence of the adrenal cortex
and most of them may be repraduced by administration of ACTH, it1s
understandable that the earlier interg ion seemed very bl
that is, that these are direct effects of the hypersecretion of adrenal
sterods m response to stressful stimuli. The fallacy of this mterpretation
was brought out most clearly by the report of Ingle, Ward, and Kui-
zenga (5), 1n whuch it was shown that adrenalectomized rats main-
tained on a constant dose of adrenal cortical extract which atself had no

pp ble effect on nitrog; ponded to a leg fracture
with a negative mtrogen balance which was quite as smpressive as that
m the controls with normal adrenals Under these expenmental condi-
tions no change 1n adrenal steroid level could occur, and hence it was
concluded that the hormones of the adrenal cortex are necessary, but
not responsible, for this feature of the response to injury. These results
on mtrogen metabolism have been confirmed under different expert-
mental conditions (6-7) and have been extended to electrolyte metab-
olism (8) to the lymphoid tissue response (9), as well as to many other
aspects of the response to injury and of adrena} hormone action (),
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organism is totally incapable of buffering the effects of even the slight-
est threat to its precarious equilibrium, Thus, for example, this prepa-
ration rapidly develops hypoglycemia when fasting and hyperglycemia
after a meal.

While our knowledge of the roles of hormones in metabolism has
been derived largely from studies of the effects of either ablation of a
given gland or overdosage of a particular hormone, it must always be
realized that these are abnormal situations and may not necessarily
reflect the physiclogical action of the hormone, Thus, for example, both
thyroid deficiency and thyroid overdosage result in the development
of a negative nitrogen balance dependent, however, on different mech-
anisms (2),

Furthermore, phenomena observed following ablation of a gland or
overdosage of a hormone cannot necessarily be interpreted solely in
terms of the hormone mn question alone. For example, 2 small dose of
insulin may promote protein anabolism, while larger amounts of the
same hormone may stimulate protein catabolism. The latter response
is part of the compensatory reaction to hypoglycemia and is dependent
on the presence of secretions from the adrenal cortex (2}, An uneritical
investigator conld easly attribute all these effects to insulin. Con-
versely, it1s altogether likely that some of the metabolic changes after
ablation of a gland may be due to the unopposed action of hormones
with antagonistic actions. Thus, 1n the adrenalectomized animal the
possible effects of endogenous insulin and posterior pituitary anti-
diuretic hormone must be taken into account when considering fasting
hypogly cemia and failure of water diuresis, respectively, It should be
apparent, then, that cauhion is necessary in nterpreting results from
any expenments with adrenalectomized animals or these in which
ACTH or cortisone are used in terms of “phystological actions” of the
adrenal cortex until all the y nf 10n is available to make
such inferences. And when we speak of physiological actions, it is im-
portant to emphasize that the only incontrovertible physiological ac-
tions of the adrenal or any other gland are those which result from
endogenous sceretions of the gland As has been emphasized by Dwight
Ingle (4), even this cannot be deBned in exact units. In the case of the
adrenal corter, it is apparent that Jarge amounts of hormone are neces-
sary to maintain homeostasis in the face of stress. In the absence of
stress, the same amount of hormone will produce overdosage cffects
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They pomt ont the difficulty of distinguishing those ph which
may truly be attributed to hormone action from those phenomena
which are part of the reaction to stress, but are, nevertheless, depend-
ent on the presence of adrenal hormones for their initiation and main-
tenance.

The metabolic reactions whose rates are known or suspected to be
influenced by adrenal-hormene action or deficiency are summarized m
the diagram below indicating rates of reaction by the size of arrows
and concentrations by the height of the columns, and these are com-
pared in normal, adrenalectomized, and animals receiving an overdose
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of adrenal hormone The size of arrows and columns s entirely arbi-
trary, and 1t is not to be nferred that these represent accurately quan-
titative relationships, Only gross ever-all steps in the interconverston of
carbohydrate, protem, and fat are indicated, without any attempt
either to indicate all the mtermediary steps or to pmpoint any possible
smgle stte of action of the hormone It 15 to be understood that other
honmanes are involved i ths scheme and that by “normal” we refer
to the crreumstances 1n which there evists a proper halance betwcen
the secretions of all the hormones concemned with itermedtary metab-
ohsm This figure emphasizes the continuity of mtermediary metabo-
lism, namely, that 1t 15 drfficult to affect any one part without modifying
reactions elsewhere, No attempt will be made to document all the
hanges to be deseribed I fe may be found elsewhere (6, 10-13)
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We may begin by considering the right side of the graph, that is,
protein and amino acid metabolism, Since the report of Long, Katzin,
and Fry (1) it has been known that nitrogen excretion may be increased
when there has been adrenal-hormone overdosage and decreased when
there is adrenal insufficiency Studies on the protemn content of the
carcass and of indnadual tissues, such as lymphoid tissue, thymus, and
skin, indicate that these tissues contain less protemn than normal in am-
mals treated with adrenal hormone, while in the adrenalectormzed
animal the relative content of protein and water is greater than is
normal in the carcass and in lymphoid tissue. Studies in epiphyseal bone
and hair growth in adrenal ized and in adrenal-hormone-treated
animals suggest that protem anabolism (the arrow pointing upward)
is increased in the former and decreased m the latter, since these tissues
do not ordmarily undergo cataboltsm. The negative nitrogen balance
m the fasted animal receiving adrenal hormones has generally been
thought of in terms of increased protein catabolism. Confirmation that
both anabohism and bolism are infl d in the directions indi-
cated has come from studies with N** labeled “ammo acids.” The over-
all effect of adrenal-hormone overdosage 1s to mhibit growth, but the
reverse is not arily true in the adrenal ized ammal, as the
latter’s ability to grow is imited by 1ts poor appetite And finally it
should be noted that these effects of adrenal hormone on protem me-
tabolism may be modified considerably by nutntional factors, for a
sufficient 1ntake of carbohydrate may sharply decrease or even abolish
the negative mitrogen balance from adrenal-hormone averdosage (6).

The changes in ammo acid bol. t to adrenal
hormone action are reflected in the rates of urea formahon and excre-
tion and in gluconeogenesis, as indicated by the arrows below and to
the left of “amino acaids ” Whether an action of adrenal 15 exerted at the
level of deammation of amino acids has been the subject of consider-
able debate, having been both denied and affirmed If there 1s such an
action, it may still be secondary to changes in carbohydrate metabolism,
particularly in relation to the Krebs cycle, since, although it is not
apparent from this chart, the glycogenic amino acids are converted to
glucose only after transformation to the smaller intermediaries

The change in gluconeogenesis from amino acids noted above is
reflected 1n elevated levels of liver glycogen and blood sugar after
adrenal-hormone overdosage, while the reverse is found 1n the case of
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of adrenal hormone. The size of arrows and columns 1s entirely arbi-
trary, and 1t 15 not to be mferred that these represent accurately quan-
titative relationships Only gross over-all steps 1n the interconvession of
carbohydrate, protein, and fat are indicated, without any attempt
either to mdicate all the intermediary steps or to pinpoint any possible
single site of action of the hormone It 15 to be understood that other
harmones are mvolved in this scheme and that by “normal” we refer
to the circumstances 11 which there exists a proper balance between
the secretions of all the hormones concerned with imtermediary metab-
ohsm This figure empl the inuty of i diary metabo-
lism, namely, that 1t is difficult to affect any one part without modifymg
reactions elsewhere No attempt will be made to document all the
changes to be described References may be found elsewhere (6, 10-13)
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in rats during both their fasting and cold stress produced with cortisone
and hydrocortisonc and have further shown that the previously reported
Letosis from ACTH in rats is probably the result of a contaminant, since
it can be mduced as readily in adrenalectomized rats as in normal rats
(19). The latter observation pomnts out the need for caution in mter-
preting results from experiments with ACTH solcly in terms of the
effects of adrenal cortical shmulatlon

The diagram and the p d ion have outlined the
ways in which the adrenal cortex seemmﬂly modtfies metabolic reac-
tions. Howener, it should be recalled that at every point where we have
indicated that directly or indirectly the influence of the adrenal cortex
is apparent, the impact of other hormones can also be demonstrated.
They function in an interlocking manner, any two hormones having
both synergistic and antagonistic actions to one another in different
phases of intermediary metabolism, resulting in the normal orgamsm
in smooth shifts 1n metabohism to meet the demands of the moment and
maintain homeostasis. It is hard to 1gnore the possibility that the same
may be true with regard to those other actions of hormones which have
become particularly apparent in recent studies on ACTH and cortisone

At this time, we might appropnately inquire as to the relations be-
tween these metabolic effects of the adrenal cortex and the more re-
cently described tissue and other effects influenced by this gland. In
my opinion it can be stated without equivocation that so far it has not
been possible to d any ingful fon between the
known metabolic effects of the adrenal hormones and their therapeutic
effectiveness Yet it1s hard to believe that the two are totally dissociated
or that there is no relation between the physiological actions of the
adrenal cortex in metabolism and the tissue reactions to njury, and so
forth It 1s in this area that the greatest need exists for co-operative
effort b those d in bolism and those studying other
aspects of adrenal function Several possible hinks are suggested. Cer-
tamly 1t appears that the metabolic response to injury noted earlier 1s
meanngful, for when 1t fails to occur, as in the adrenalectomized ani-
mal, not only is the boli deficient, fatal hypogl
frequently being the outcome, but the tissues’ response is also abnormal.
This particular metabolic pattern, which is dependent on the presence
of adrenal hormone, 15 apparently necessary, then, m order that certain
of the normal tissue-defense mechanisms may develop fully. At the
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the adrenal ized animal. Evid for an i d formation of
glycogen from nonglucose precursors in the former circumstance and
ad in the adrenal d animal has been obtained by Hast-
ings with the aid of C' labeled “intermediaries.” On the other hand,
it has been found by a similar technique that the increased liver
glycogen levels after adrenal hormone are not associated with an in-
creased rate of conversion of glucose to glycogen, but that actually this
rate is Jess than normal. At the same time, glycogen breakdown 1s Jess,
so that a net accumulation of liver glycogen may occur. In the adrenal-
ectomized animal the reverse is true, that is, there is an increased
synthesis of liver glycogen from glucose, but an even greater break-
down, so that there is a net loss of glycogen. Data from a variety of
sources indicate that glucose utilization, probably by way of the Krebs
cycle, is i A in the adrenal ized animal and 4 d after
adrenal-hormone overdosage, while Welt and Wilhelmi's (14) data
suggest the same for the conversion of ca.rbohydrate to fat Since the
adrenalectomized animal which is exhibiting an ion
of carbohydrate to fat may at the same time lose body fat, it seems
likely that fat breakdown may also be enhanced so that the net effect
is the loss of body fat. The opposite appears to be the case dunng
adrenal-hormone overdosage, with net accumulation of fat. These data
concerning fat metabolism are still tentative, if not controversial, and
are complicated by such observations as those of Altman and others
(15) who report a synergistic effect of insulin and cortisone in increas-
ing fat synthesis from carbohydrate in liver, while Balmain and his co-
workers (16) describe antagonustic effects of cortisone and insuln on
fatty-acid synthesrs from labeled acetate in mammary gland tissue,
insulin having a stnulating effect, and cortisone an inhibitory one. The
studies of Brady, Lukens, and Gurin (17) hikewise imply an accelerated
synthesis of fatty acids from acetate in Iver slices in the absence of the
adrenal cortex and its inhibition by cortisone It is apparent that no
certain statements can be made as yet about the role of the adrenal in
this aspect of metabolism.

Similarly controversial and unsettled is the question of ketone metab-
olism and the adrenal cortex It 1s widely stated in textbooks and else-
where that adrenal-hormone overdosage is associated with ketosis.
However, Kinsell and his coworkers have shown that both ACTH and
cortisone inhibit fasting ketosis in man (18). We have confirmed this
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1o change in oxygen ption, d d lactate production, de-
creased glucose utilization, while the pH of the medmm was greater
than that of the contrel at the end of the mcubation. Leukocytes from
untreated diabetic patients showed a normal lactate production, but
decreased glucose utilization, Insula had no effect on normal cells, but
inereased the lactate production and ghicose utilization of leukocytes
from, disbetic patients to levels above normal Cell injury by various

dotoxins depressed axygen ption and i d both Jactate
production and glucose utihzation, with concomitant fall in pH. Cor-
tisone and hydrocortisone added to the cell suspension three hours
prioe to the toxins completely p d the metabohe effects of injury.
Martin has also conducted studies on the effects of disease and hor-
mones on Jeukacy te migration and phagocytosis. The results of alf these
studses suggest that hormones may play an important role 1n leukocyte
function and that this may Uy be lated with bot
changes in these cells. It is from studies of this sort that we hope to
achieve an understanding of the role of hormones 1 the all-important
Link between cellular function and metabohsm

1 will close, then. with the plea that in our enthusiasm for the study
of the remarkable effects of ACTH and cortisone, we shall not forget
that the adrenal 1s anly one of a set of glands concerned 1 homeostasts
and that with regard to metabolism, at least, it 1s not possible to drvorce
the effects of any one gland from that of all others and that all in turn
are mochified by nonendocnne factors I need only call to your attention
the recent report by Meites that aureomyem and vitamn B,, prevent
completely thymic atrophy resulting from cortisune m rats on a B, de-
Bcient diet to indicate the compleuty of the situation (20) We must
maintain onr perspective and at all times attempt to distinguish between
effects of hormones which are phystologreal and effects which are
pharmacological, as well as between effects which are direct and those
which are mdrect mamfestations of hormone action
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same time, since we know that the normal defense reaction accom-
panies stress, while adrenal-hormone overdosage actually lowers some
of the defense mechanisms (that is, d to bacterial
invasion), it would seem likely that other hormones, not only the
adrenal cortey, are involved in the normal response to injury.

When we consider demonstrable links between endocrines, metab-
olism, and function in regard to resistance and infection, we have few
data to support us. In the past, interest has been focused on lymphoid
tissue, including antibody production, as a result of the studies of
Dougherty and Whte, but this has proven to be a most controversial
subject, as will be apparent from later papers in this symposium Other
studies have been dirccted toward connective-tissue function and
metabolism, including observations of certain enzymes, such as hyalu-
ronidase. Recently Dr. Samuel P. Martin, in the Department of Medi-
cine at Duke University, has been approaching this problem by carry-
ing out correlative studies on the function and metabolism of human
leukoeytes in vitro as infl 1 by hormones and injury. These studses
will be reported in deta) at a future date, but prelummnary results are
shown n the table. In this inveshigation the oxygen consumption, Iactate
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Chapter 3

THE INFLUENCE OF ADRENALECTOMY AND
CORTISONE TREATMENT ON CERTAIN
ENZYMATIC REACTIONS IN THE RAT

By W. W. Unsrerr, The Merck Institute for Therapeutic Re-
scarch, Ralucay, N J.

'I;m REMARKABLE EFFECTS of cortisone upon certain diseases has re-
sulted in the search for some explanation of these actwities. Naturally,
too, some explanation is sought in the field of enzymes, since it is m this
area that rather remarkable progress has been made in studics on the
“mode of action” of a variety of substances Of course, hormones have
been studied in terms of their enzymatic effcets, but on the whole the
results have not been stuking Nevertheless, a sufficient number of
studies are now avalable, and 1n retrospect certan thmgs are now
apparent which were not obvious when the stuches were begun. I pro-
pose to review these briefly; they are admittedly somewhat confusing
when considered en masse, but such a review is more or less necessary
as a backdrop to an analysis of what enzymatic studies have so far
found out about the action of the hormones and for an evaluation of
what enzyme studies may be expected to contnibute to this problem.

Almost all cases are those n which one measures the level of a
specific enzyme 1n the tissue. Here certain facts ought to be recogmzed

1. The quantity of a given enzyme 1 a tissue may not be exactly
measurable, and the results obtamed are dependent, naturally, upon
the method used for The develop of guantitative
assay methods for specific enzymes 1s not as simple a task as has heen
assumed,

2 The enzymatic complement of a cell 15 not necessanly a constant
matter; 1t can at times be varied by external influence For example, the
suecinoudase content of the lver of the rat may be markedly depleted
by placing the animal on a protein free et for a few days

For these reasons one must be wary of alleged changes m the enzyme
content of tissues However, some changes have been observed
Whether or not they are ad to a pattern of resp 18
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animals, while growth hormone decreases it Adrenalectomy reduces
arginase more than hy popl\) sectomy (1- ) The enzyme could be in-
creased i normal, ad 1, or hypopt ized animals
by corticosterone, 11-dehydrocorticosterone, or cortisone After treat-
ment with cortisone there is no increase until the protem catabolic ef-
fect has worn off (3). DOC has no effect, but DOC and testosterone in-
crease it (+4). Estrogens and androgens have no effect. It 1s decreased by
thyrotropic hormone (1) and thyroune (5).

In the kadney, castration causes an increase in arginase activity per
unit weight, but not in total amount, since the castration decreases kid-
rey weight (6-10). The sleronds producing kidney hypenrophy (an-
dragens, testosterone, methy and prop )
merease the absolute arginase content In the mammary gland, arginase
15 decreased on adrenalectomy (11) and not restored by adrenal cor-
tical steroids, although lrctation is improved

While the phosphatases are a famly of enzymes, the type with which
we shall deal here are the phosph hydrolyzing the
orthophosphate monoesters, since 1n essence they are the only ones
which have been studied 1n relation to adrenal function. But among the
phosphomonoesterases we have at least four enzymes which are 1sody-
namue, that is, they catalyze the same reaction, but at different pH’s. A
simple separation of “acid” and “alkaline” phosphatase is no longer
possible, simce there are at least three “acd” phosphatases However,
the actual measnrements simplify the picture, since only one of the acid
phosphatases 1s normally measured

Turmng first to “alkaline phosphatase,” it 15 especally high in intes-
tmal mucosa, lidney cortex, lactating mammary gland, and lymphod
tissue and lower n hver or bran Upon adrenalectomy this enzyme de-
creases in the mtestinal mucosa (12) and increases on ACE or corti-
sone treatment In the hidney, adrenalectomy decreases alkaline phos-
phatase (13) which in the rat 1s restored by salt or DOC (14) Further,
m the lidney the ad ratton of and
varous denvatives to castrated mice causes hidney hypertrophy and a
dectease m allaline phosphatase (15), with werease in acid phos-
phatase. In liver and intestnal mucosa these two enzymes are not af-
fected by this treatment. Adrenalectomy of male rats decreases the
alkaline phosphatase of the kidney Wath testosterone propionate there
15 a partial return to normal, but castration causes a simlar decrease,
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up to your judgment. I will first deseribe what is in the literature and
give you a brief, if somewhat confusing, summary. I am going to do
this for two reasons: (1) To show you what the data are like, haping
that somewhere we may strike 2 chord of response—that somewhere
in this welter of confusion one or mare of you may be able to discern a
pattern; (2) to illustrate some principles which may possibly emerge:
principles that I think may be true of the action of the hormones on
enzymes. I am not sure that they are true, however, so first I shall as-
semble the bricks, and then use those with which I can build a house.

I have confined myself to adrenal sterords, including others only if
they affect the same system. For other steroids somewhat comparable
types of effects are observed. It is to be understood that all of the
following data were obtained by treating the whole animal in the man-
ner described, and then studying the tissue Experience has shown that
this is a very poor approach The mode of action of vitamins and of
antibiotics, nsofar as we know them, was not (with one exception)
discovered thys way, and even that one exception (B,) was only certain
in the ammal because of simultaneons studies on bactetia So far our
penetration mto the mode of action of such agents has been through
studies of bactenal metabolsm where the reaction 1olved was lo-
cated, followed by confirmatory observations an the amumal. But with
hormones 1t is obviously different, and there probably hes the erut of
the experimental problem

That 15, the enzyme chemist’s reputation for solving problems of
“mode of action” rests on studies on vitamins and antibrofcs, as well as
upon intermediary metabolism In the case of the hormones he 15 de-
prived, by the very nature of the problem, of two of his best tools- (@)
2 mucrobial system and (b) m vitro effects related to in vivo action. I
am not sure that 2 microbal system 1s absolutely necessary, it just hap-
pens that so far one has always been avmlable and that the real ad-
vances have come from the study of the microorganism.

Let us briefly evaruune the effects of adrenalectomy on certain tissue
enzymes and their reactions to certain sterosds.

Argnase 15 an enzyme which sphts argmne to ormithine and urea
It oceurs 1n hver (best), mammary gland, testes, kidney, and ntestwnal
mucosa In the liver argmase is subject to several outside mfluences
sex, age, prolunged fast, and so forth Hypophysectomy decreases st
markedly (1-2); ACTH wcreases 1t in normal and hypophysectomized
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and restored to normal by cortisone (22-23). With respect to the kid-
ney, there are two reports: onc that adrenalectomy or cortisone treat-
ment has no effect (23) and the other that the enzyme is decreased on
adrenalectomy (22). The studies differ in the methods used for meas-
urement, and since I was responsible for one of them (23) I naturally
think that cortisone and adrenalectomy have no cffect on Lidney
D-amino acid ovidase. The monamine ovidase of the hver is higher in
the adult male than in the female, but in the male 1t may be decreased
to the female level by cortisone treatment; adrenalectomy has no effect
(24). The proline oxidase system of the Lidney, but not that of the
liver, is decreased on adrenalectomy and restored to normal by corti-
sone tre (23). Liver catalase is d d on adrenal 3%
(26).

This rapid review is confusing, but 1t serves the purpose of illustrat-
ing the experimental facts. There are unquestionably other enzymes
which are altered by these treatments, for 1 do not claim complete

ge of the 1 , and doubtless many other publications will
appear after further study However, a suflicient pattern is even now
available to permit some degree of eval of thus type of approach

Ta the best of my knowledge, all of these effects are observable only by
treatment of the whole animal. There are no known in vitro responses.
Furthermore, all of the effects cited requure at least a day for develop-
ment but usually several days of treatment are necessary. It seems ob-
vious that the hormones are not acting as coenzymes, Cortisone does
not act rapidly on the systems mentioned. Turning specifically to corti-
sone, one may summanze some of the mformation available in the

BeHAVIOR OF THE EXZYME AFTER ADRENALECTOMY @

Alksline Proline D-aruno Acid

Organ Arginase Phosphatase Ondase Oxdase
Liver Is decreased — Isunaltered —  Isdecreased 4
Kidney Isunaltered + Isdecreased Isdecreased +  Is unaltered —

Mammary gland Is decreased —
Serum Unaltered +

© + indicates that the level of enzyme 1s increased by cortisone treatment, — jn-
dicates that cortisone bas no effect 7

table. Here a curious specificity 15 evident. A given treatment may have
one effect upon an enzyme in one tissue, but another effect on the same
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which is not restored by testosterone, but is restored by estradiol and
diethylstilbestrol. Thyroid (or antithyroids) d it in kid-
neys. In the mammary gland upon the onset of Jactation, alkaline phos-
phatase increascs it (16).

The alkaline phosphatase of the serum (which is the predominant
phosphatase in serum ) is apparently derived by diffusion from various
tissues, possibly predominantly from the liver. Upon adrenalectomy in
the rat or the dog, the enzyme does not d appreciably, i
increases, but on treatment of either the adrenalectomized animal or
the normal animal with cortisone, the alkaline phosphatase rises mark-
edly in both species (14, 17). It is still a moot problem as to whether
this is the result of Iymphoid disintegration, since lymphoid tissue is
rich in this enzyme and, of course, is subject to breakdown by cortisone.
Testosterone propionate has no effect (17). Bone alkaline phosphatase
is decreased by ACE and corticosterone and increased by DOC (18).

The acid phosphatase is widely distributed, but in much Jower quan-
tities than is the alkaline phosphatase The human prostate is high in it,
and it is appreciable in liver and spleen. It is curfous that in the prostate
it 15 present only 1 man and the higher apes and virtually absent from
this organ mn other mammals, As mentioned, the administration of
testosterone and so forth to castrated mice causes a marked increase in
kedney acid phosphatase (with a d in alkaline phospl ).
Adrenalectomy increases serum acid phosphatase in the rat, which is
decreased by adl ion of one prop (17).

About three years ago there was a considerable flurry of interest in
relation to the peptidases of human and animal serum. It was suggested
that the presence of peptidases in the sera might be caused by the
liberation of the enzymes in the course of disintegration of lymphoid
tissue, It was then reported (19) that in mice injection of ACE or
ACTH considerably increased serum peptidase, from which it was
suggested that this resulted from hiberation from lymphad cells. How-
ever, in human beings ACTH did not increase serum peptidase in spite
of a large turnover i lymphocytes, and, indeed, when the earlier ex-
periments were repeated by others (20-21) 1t was found that serum
peptidase was not related to adrenal steroids, ACTH, or Iymphoid tis-
sue, but that the effects were caused by dismtegration of the erythro-
cytes, svhich are potent sources of these enzymes.

The D-amino acid ouidase of the liver is decreased on adrenalectomy
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studied tissuc enzymes. Studies on the enzymatic composition of the
tissues have not clarified the underlying causes; the mode of action of
the adrenal hormenes remains as mysterious as ever.
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enzyme in another tissue. Furthermore, there are all possible combina-
tions evident in this table. And finally, it does not demonstrate another
fact evident in the previous papers cited, namely, that 2 given enzyme
may be under the contral of one steroid hormone in one nissue, but
another hormone in another. For example, alkaline phosphatase 1s low-
ered on adrenalectomy in the intestinal mucosa and restored by corti-
sone (12), but it is not affected by testosterone (15). In the kidney,
adrenalectomy also lowers alkaline phosphatase, which is restored by
saline, DOC, or testosterone (14~15). Certainly we are not obtaining
a clear picture of the mode of actron of cortisone from data of this type.

Yet in a general way some principles may be deduced from this con-
fusion and contradiction. Using only the two enzymes proline oxidase
and D-amine acid oxidase, one may first note the cunous tissue spec-
ifiaity Proline oxidase is under the control of cortisone in the kidney,
but not 1 the liver, D-amino acid ovidase 1s under the contro} of corti-
sone in the hver, but not in the kidney. Various other enzymes appear
to show the same p} of tissue specificity. If we ook for a
general term to describe this tissue specificity we mght employ the
term “target organ” And this represents merely an extension of the
concept of target organ to the tissue enzyme level.

Tuming agan to proline oxuidase and D-amino acxd oudase, upon
adrenalectomy the activity of these enzymes in their respective target
tissues drops, not to exactly the same extent, but roughly in the same
arder of magmtude, But there 15 2 residual actwvity of about one fourth
to one half which remains, in the absence of cortisone, at the same level
for months It seems to me that this 1s an evpression of the concept that
a hormone does not mitiate a reaction, but only affects 1its rate or ex-
tent For both enzymes corhisone restores activity to normal, but more
cortisone does not mncrease the level beyond the normal level Ths 15
pot true of all the other enzymes cited. Thus is an expression of the
prnciple that a hormone only acts withm certan hnts

And finally, in all known cases the hormone 15 active only when sup-
phed to the animal and controls the amount of enzyme present This,
too, 15 an expresston of the notron that the hormones are the chemical
messengers of the body

These you will recognize as reasonably basic prnciples of endocn-
nology 1tas curious that one 1s able to Jerive them from studies on the

\( h these principles were known before anyone

tissue



Chapter 4

THE EFFECT OF CORTICOSTEROIDS UPON
LYMPHOID TISSUE

By Wnuam E, Enncs axp ]osmx Sm'n:n, Graduate School of
Medicine, Uni 'ty of P Philad, '," General Hos-
pital, and Wyeth Institute of Applied Biochemi:

Tu: NTERRELATION between adrenals and Iymphoid tissue has been
apparent for many years. Hyperplasia of the thymus in Addison’s dis-
ease was observed in 1895 by Star; thymic enlargement following
adrenalectomy was noted in 1899 by Boinet (1). That the “status
thymicolymphaticus” of Paltauff {2) is caused by hypofunction of the
adrenals was recogmized in 1924 by Jaffe (3) and by Manne and his
associates (4-5). These i g fuded that the adrenals nor-
molly suppress or exerta regulating effect upon thymus and other
lymphoid structures,

The rapid involution of thymus and other lymphoid structures fol-
lowing various stresses was first described in 1913 as “crise caryo-
clasique” by Dustin and m 1821 as “crise hemoclaanue by Widal (1,
6-8). The role of the adrenals in this morp pression of an

“alarm reaction” was first demonstrated 1 1936 by Selye (1, 9}. Since

in adrenalectomized animals mnolution farded to develop, but it could
be induced by mijection of cortin, Selye considered mereased cortin
secretian the cause of the mvolution (9) Because in adrenalectommzed
apimals only large doses of this extract were effective {1) and steroid
hormones other than adrenal corticosteroids eheited 2 sunilar effect
(10), ke also offered an alternative explanation, namely, that the m-
volution was caused by an unknown agent associated with these ster-
ouds (9). The observation that thymic involution may be caused by the
admumstration of large doses of cortin was soon confirmed by Carrierc
and others (11} and Ingle (12)

The effect upon lymphesd tissue of the vanous corticosteroids and
other stevoid hormones has subsequently been stuthed by many investi-
gatars. The depression of lymphod hssue by 11-oxy- angd hydroxycorti-

ds {Kendall's compounds 4, B, E and F) was first observed by
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upon lymphoid tissue was made by Dougherty and White (17-18).
Edema was pronounced within one hour, “Lymphocytolysts,” charac-
terized by shedding of cytoplasm and by pyknosis and karyorchexds of
nuclei, and phagocytosis by macrophages of disintegrating cells, were
evident within the first three hours The intensity of this reaction in-
creased during the following six hours, after which edema subsided
and no further disintegration of lymphocytes was observed. The cortex
of the thymus and the germinal centers of lymph nodes and spleen
were more sensitive than other lymphoid structures. In the germmal
centers most of the large pale cells (“large lymphocytes,” “lympho-
blasts™) remained unaffected, but no mtotic figures were seen, After
twenty-four to thirty-six hours the appearance of the tissue was normal.

The histological changes following continued daily injections of rats
with ACTH have recently been described by Baker and others (34).
Lymphocytolysis proceeded throughout the experimental period of
twenty-one days The formation of new lymphocytes was sharply cur-
tailed, as was previously suggested by Yoffey and Baxter (35) and by
Robertson (86), mitotic figures were generally absent, and large and
medm-size lymphocytes were greatly reduced in number. Baker and
others pointed out that the plasma cells were not increased m number
as was previously reported by Dougherty and White (37}, on the con-
trary, they were depleted from the Iymph nades if sufficient hormone
was given The latter observation is in agreement with our findings
(88}.

Depression of the lymphocyte content of the thoracic duct bv ACTH
was demonstrated by Reinhardt and Ls (39) and by Yoffey and others
(40). That lymphocytopenia may be caused by 1l-oxy- and hydraxy-
corticosteroids was shown by Dougherty and White (16, 18, 41), Rein-
hardt and others (42) and Yoffey and Baxter (35). The reduction in
the thoracie duct occurred within fifteen to thirty minutes after njec-
tion and persisted 1 most rats for the duration of the expenmem {four
to ten hours) (39). The d of the lating lymphocytes con-
tintsed for nine hours, the(eafter these cells returned to normat (16, 18,
41)

The mechamsm of action of the adrenal corticosteroids upon Iymph-
oid tissue has not been eluaidated. In vitro studies wath 1solated lymph-
acytes led to contradictory resuits Dougherty and White (17), adding
aqueous adrenal cortical extract to susy of rat lympt
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Ingle and others (18-15) in intact animals and by Dougherty and
White (16-18) in adrenalectomized animals. Desoycorticosteroids in
small doses had no effect on lympheid tissue, but large doses caused
thymie involution in both intact and adrenalectomized animals (18-
24). The failure of some investigators (15-18, 25) to confirm these ob-
servations can be attributed to inadequate doses (1518} or improper
time intervals (25).

The involuting action on lymphoid tissue of ACTH had been ob-
served previously by Moon (26), that it requires the presence of the
adrenals was subsequently demonstrated by Simpson and others (27)
and by Dougherty and White (16-18).

Steroid hormones other than adrenal corticosteroids which have been
shown to eause thymic mvolution in bath fntact and adrenalectomized
animals include estrogen (that is, estrone, esh‘ad.o] dxelhﬂstxlbes(rol)

testosterone (that is, methyl-t dehyd
and to a lesser extent preg diol and similar compounds (10, 19, "l
28-31) P one pmduced a signifi effect only in intact ani-

mals (10, 19 21, 29, 82) Selye and others (21, 29) have pointed out
that the effectiveness of these steroids increases with their physiological
actity, sexually inert substances causing no thymic involution. The
thymus-involuting effect of the sex hormones could be induced only by
doses many times Jarger than those required for their physiological ac-
tion, It is interesting that the various sex hormones produced also in-
volution of the Leydig cells According to Selye and Albert (21) this
fact almost certainly implicates in this action the antenor pituitary
gland.

Gonadotropm also was found to cause thymic involution, but it did so
only 1n the presence of the gonads. suggesting that 1t acts by stimulating
their secretory activity (33).

The morphological ct induced in lymphord tissue by these
various hormones have been described repeatedly. Selye (1, 6) noted
edema and di g of lymphocytes twenty-four hours after
stress or admunistration of cortin After forty-eight hours these changes

d, The reticuloendothehal cells did not disintegrate, but
undement enlargement. These changes were most marked in the
thymus; in lymph nodes and spleen they oceurred chiefly in the so-

called germinal centers,
A mote detaled study of the effect of the adrenal corticosterords
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negative, but sex h caused ly
bated with serum.

Interesting results were recently reported by Herlant (50). When
adrenalectomized rats weighing 150-180 gims were exposed 10 stress or
0.2 m! of adrenal cortical extract or hoth, 1t was found that the extract
alone produced Jitle Jymphocytofysis, while the two procedures to-
gether caused extensive caryclasia, These observations strongly sug-
gest that the steriods act m iation with a ditioning factor
or cofactor (49-50), as was suspected by Selye as early as 1936 (9).
It may well be that this factor 15 associated with the edema which
has been observed so consistently since first descnbed by Selye {1) and
Iater pointed out by Dougherty and White (17) According to Selye
(8) the edema may act exther by sensitizing the lymphoid tissue or by
actvating the sterouds. It is possible that it is related to the eofactor
which appears to operate in the hyperglycemic action of these steroids
{8).

The reasan why the lymphoid cells are singled out by the steroids is
not clear. Hechter and Johnson (49), Schreck {45), and Selye (5) con-
sidered responsible their high content 1 desoxynbase nucleoprotein or

lysis even when incu-

the action of desovyribose nuel npon this nucleoprotein It had
previcusly been suggested by us (51} that this a(ﬁmty may be con-
nected with the high ion of nbose nucleop din

thelr eytoplasm rather than the desoxynbose nucleoprotein of their
nuclei.

Our mterest in thls problem dates back to 1945, when we were look-
mg for a hol ! ind; of specific toxcity It was found
that the w exght of {hr thymus offers an wdicator (52) Table 1 shows
the effect of gotrogenic compounds upon thymus weight as compared
with thetr action upon body weight and thewr specific effect upon
thyroid weight. Doses of compounds which caused depression of
thymus weight were regarded as toxe.

Microscopic studies of the thymus of animals treated with toxic doses
of drugs revesled that the depression of its weight was caused by
Iymphocytolysis. Obviously we were dealing with Selye’s alarm reaction
(7} 1t was found that lymphacytolysis can easily be graded. Fagure 1
shows various grades of lymphocv(olysls caused by dzbenamme and
colchicine The 1 hocytolytie effect of dib is g in
view of the theory fest proposed by Long (53) that epimephrine is re-
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found no increased lymphocytolysis. No effect was seen in similar ex-
periments with eschatin and eucortine by Robertson (36), who also
used serum of rats injected with these steroids three hours previous to
its withdrawal, Negative results were obtained in experiments with
compound A by Delaunay and others (43), and in experiments with
compound E by Reiss and others (44). The latter found no effect of
this compound upon the ph of agglutination of bacteria by
antibody-forming plasma cells.

On the other hand, Schreck (45), who studied lymphocytes of rabbit
thymus suspensions by means of a safranine methed, reported in-
creased disintegration of lymphocytes by compounds B and F twenty-
one hours after adding these steroids, while ACTH, DCA, and sex hor-
mones were ineffective. In a subsequent study Schreck (46), employing
a color test based on the capacity of celfular suspensions to reduce 2+
6-dichlorophenct indopheno), observed evidence of lymphocytolysis
following administration of adrenal cortical extract or 1 gamma percent
of cortisone acetate But even n this experiment lymphocytolysis was
noticeable only after seven hours, while in vivo it developed fully two
hours after injection However, Feldman (47), using Schreck’s method,
reported that adrenal cortical extract had an instantancous effect upon
suspensions of lymphocytes Immediately after addition of the matenal
60 percent of the cells were found to be stained, after three hours the
figure was 90 percent, and after six hours 100 percent, after six hours
only 6 percent were dead in the control preparations. It was noted,
however, that compound E had no such effect.

Somewhat different results were obtained when tissue or tissue ex-
tracts, instead of washed lymphocytes, were used n vitro Thus Heil-
man (48), using a tissue culture method, found that the addition to
1 ml of medum of 1 25 to 60 micrograms of compound E or of similar
quantities of compound A caused 2 shght, but sigmficant, degeneration
and inhibition of migration of small and medium-size Iymphocytes as-
sociated with an mcrease i the number of large wandering cells
(macrophages) Small doses were as effective as large doses. Silarly,
Hechter and Johnson (49) observed that the rate of lymphocytolysis in
vitro was significantly augmented by 10 mg per m! of medium of adre-
nal cortical extract if lymphoid tissue homogenates were added. Brain
homogenates had a similar effect, while muscle homogenates or homol-
ogous serum were ineffective. Desoxycorticosteroids were altogether
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oid tissues. These are (1) the diffuse lymphoid tissue of the cortex of
thymus and lymph nodes, of the Iymph sheaths of the spleen, and of
other lymphoid tissues; (2) the so-called germinal centers of lymph
nodes, spleen, tousils, and intestine; and (3) the plasma-cell tissue of
the medullary cords of lymph nodes and of the red pulp of the spleen.

GONTROL OIBENAMINE CALGHIGINE
20MG/XG 3 MO/XG
ervesl
{
i ] i

u

£ $ .

g t

]

ih

1 (W L0 1
te 2% 24 £
HGURS

Fioure 1 LysenocyroLyss i~ Thyaes

While duffuse Jymphond tissue is always present, germna) ceaters and
plasma-cell tissue may be present or absent, depending wpon certain
stimuli. The function of the plasma cells may now be regarded as estab-
tshed. The evidence shows that they are celiular sources of antibodies
and other gamma glabubins (55) The f

of the germinal centers
15 less known 1t s true that they are physiological centers of Iymphocy-
tolysis (56}, but we do not know whether the large pale lymphoid cells
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ponsible for for pituitary stimulation caused by stress. If this theory

were correct, dibenamine should have neutralized epinephrine and thus
prevented lymphocytolysis. Tostead, it caused lymphocytolysis by itself
(54). However, Figure 2 shows that the epinephrine theary should not
be disregarded. It is true that dibenamine does not prevent, but aug-
ments the initial phase of lymphocytolysis caused by epinephrine; but
it depresses it later, This observation suggests that there may be two
phases of Iymphocytolysis, namely, an immediate phase, with 2 peak
at two hours, and a later phase, becoming apparent after six hours; the
latter may occur only in more severe alarm reactions.

TapLg 1

Errects uroN THYROID, Boby AND Tryaus WEIGHT OF VARIOUS
CoXCENTRATIONS OF GOITrOGENIC COMPOUNDS
Dose, Per-
centage in Percentage Thyroid ~ Thymus
Dnnking  Number of Body Weight  Weight, ~ Weights
Water ' of Rats  ChangeperDay — mg/gm  mglgm
14

Controls 40 +6.1 33
Thiouracid 01 4 +85 29 33
Thiouraal 02 4 +82 34 323
Thiouraer) 03 8 +66 .50 2.8
Propylthiouracil .01 4 +72 .63 29
Propylthiouracil .05 4 +75 .56 2.9
Propylthiouracil .10 4 +64 51 23
Fropylthiouractl 25 4 +22 .60 17
Two aminothiazole .10 40 +4.4 36 a5
Dithane 05 4 +38 .18 25
Dithane 10 4 +35 .63 23
Drthane A5 4 416 71 19

From | Seifter and W E. Ehrich, Goitrogenie compounds, J Pharm a Exp
Ther, 1948, 92,303

Figure 3 shows the depend upon the ad Is of lymph Tys
caused by stress. One jection of a potent anti-kidney serum causes
complete necrosis of the thymus cortey, followed by a marked drop in
thymus weight. Thes 15 associated with a marked nse m adrenal weight
Adrenalectonuzed rats also show some augmentation of Jymphocytoly-
s15, but this is not severe enough to alter the weight of this organ

In conswlering the effect on Iymphoid tissue of adrenal corticoster-
oids, it1s ta be recogm'zed that there are at least three different lymph-
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which constitute the bulk of this tissue are lymphoblasts or hemocyto-
blasts or whether they have special enzymatic functions The role of
the small Jymphocytes which constitute the bulk of the diffuse lymph-
oid tissug will be discussed later,

ADRENAL WEIGHT | THYMUS WEIGHT | LYMPHOCYTOLYS'S
* DEPLETION
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These data were colected by Dr. C Forman and one of the authors
Quang a study of experimental nephrosts The figutes at the Jeft indy-
cate mg/10g of body weight (of adrenals and thymus) and degrees
(of lymphocytolysis 1n the cortex of the thymus), 5 + lymphacy-
tolysis indicates complete necrosis.

Figure 4 shows venous degrees of lymphocytolysis of the diffuse
Iymphoid tissue of the thymus cortex produced by vanous stresses. It
can be seen that many disintegrating lymphocytes have been taken up
by phagoeytes Figure 5 is an example of mduced plasmocytolysis in
medullary cords of fvmph nodes, No phagocytosis is seen Instead, dis-
salution of cells may be abserved Table 2 shows depression of eirentat-
ing lymphocytes six hours foll g int 3 of a typhoid
vaceme,

Figures 6 and 7 present the effect of 5-10 mg per 100 gm of body
weight of cortone and of 50 mg per 100 gm of DCA upon the thymus
of mtact rats weighing 60-80 gms While 5-10 mg of cottone had a
marled lymphocytolytic effect, though this was less marked than that
induced by some stresses employed, 50 mg of DCA caused only mild
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Iymphocytolysis This is in contrast to ACTH, which has been found to
cause complete necrosis of the cortex in doses as small as 0.3 mg per
100 gm (B:ﬂ\er and others; 34}, It may be noted that both curves show
theb h referred to previously. There was a peak at two
hours, , and another after six hours, suggesting that lymphocytolysis
may be caused by more than one mechanism,

TABLE 2
LevkocyTE Couxts Six Hours arTEr ONE INTRAVENOUS INjeCTION
oF a Typnom VACCINE
BE, WE CF
Contral  Slx Hrs Control ~ Six Hrs Control  Stx Hrs
Neutrophiles 4,902 9,903 6,105 10,248 2965 11,745
Lymphocytes 5,010 1049 1403 1,008 2239 1215
Monocytes 430 582 412 732 423 405
Eosinophiles 258 116 330 122 423 185

From . E Ehnich, The chnical ;md pathological sigmficance of the alarm re-
action, J Phila Gen Hosp, 1 27, 1

Following the admlms(mhon of 5-10 mg per 100 gm of cortone
Iymphocytolysis in the germmal centers was only shghtly increased, the
degree of elevation paralleling that of the diffuse lymphoid tissue of the
thymus cortex This seems to show that lymphocytolyss of the germmal
centers will be augmented by adrenal corticosteroids only if given m
doses high enough to cause a greater degree of thymic lymphacytoly-
sis than that seen in germinal centers normally.

While lymphocytolysis was easy to grade, plasmocytolysis was diffi-
cult to measure. Figure 8 shows our observations m three senes of rats
treated with formal, cortisone, or both The biphasic character of
the reaction 1s seen 1 all three curves If severe enough, plasmocytaly-
sts results 1n depletion of plasma cells, showing that they have a simlar
susceptibility to adrenal corticosteroids or stress as lymphocytes.

The sigmficance of lymphocytolysis and plasmocytolysis following
stress, or the inj, of adrenal cort; ds or sex hormenes, is not
fully understood The disintegration of these vanous cells is obviously
associated with Iiberation and degradation of protein It has been sug-
gested by Dougherty and White (16) that this process may be instru-
mental m the gluconeogemc effect of the 11-oxy- and hydroxycorticos-
teroids, the basis for this achion Iying not prmanly in their influence
on the intermediary reactions of carbohydrate formation, but in their
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LYMPHOCYTOLYSIS WEIGHT

FS
T

°
4
a3}
a oEPLETION
2 H
1
| .
H .
o -
b I YO 1 IR (TT Il ) °
246 12 24 a8 246 12 24 4B
HOURS
Ficvre 68 Errecr oF 5-103c/100¢ or Cormisone vroN Trvas
oF Rars

The disintegration of plasma cells may possbly lead to Iiberation of
antibodies and other gamma globulins, as was first claimed by Dough-
erty, White, and Chase (17-18, 53-59) though thesc authors referred
to Iymphocytes rather than plasma cells The farlure of subsequent -
vestigators to confirm these mvestigations does not ily mvalt-
date the previous conclusion, because the later investigators may have
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Ficure 5 Prassa Ceris v 4 Lympa Noor oF 4 Nomrmar Rar
(A) axp CovsipEnasie PrasmocyroLysts CAUSED BY MARKED

Stress (B)
Note absence of macrophages (From W E Ehnch, Present state of
adrenal cortical h ok 1 aspects, m Ad in

Medsctre and Surgery, Saunders, Philadelphia, 1952 )

capacity to supply pratem to the sugar-formmg tissues Bergner and
Dean (57) have pated out that this 1dea tallies with the observation
that significant glycogen deposition m the hver followmg ACTH ad-
ministration occurs only after eighteen to twenty-four hours, while
lymphocytolysis is marked after six hours. This relationship is well iflus-
trated in Figure 9, which shows the effect of 5-10 mg per 100 gm of
cortone upon glycogen content of the liver of rats as compared with

Iymphocytolysis in the thymus cortex
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dealt with amumals which contained fewer plasma cells or less antibody
in these cells, or they may have used stimuli which were not strong
enough to cause dlssol\mtm of these cells

Lymphocytolysis and p tolysis also result in liberation of
nuclem acids and their spllt products. In fact, lymphocytes consist
largely of nucleoprotemns The thymus of young rats has been found to
contain 114-135 mg per 100 gm of fresh tissue of ribose nucleic acid
phosphorus, a quantity which is surpassed only by the amount con-

WEIGHT GLYCQGEN CONTENT
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tained 1n the pancreas Its desoxyribose nucleic acid phosphorus con-
tent was found to be 181-261 mg per 100 gm of fresh tissue, a quantity
which 1s much larger than that of any other tissue (60). It has often
been d d that the d gratimg lymphocytes are taken up by
macrophages which rapidly digest thewr nucleoproteins.

The degradation of nucleic acids and some of the enzymes concerned
with this degradation are given m Table 8 A study of the actwity of
adenosme deammase and xanthme oxidase m lymphoid tissue was re-
ported by Wagner and Ehnich (61) It was found that following the
mjection of a vaccine mnto the foot pad of rabbits the adenosmase activ-
1ty rises with the activity of or lymphocytolysis in the germinal centers;
1t was not related to antibody formation or the concentration of desoxy-
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of purines and pyrimidines and other split products of nucleoprotemns.
As purines have been shown to be powerful stimuli of phosphorylation,
or, more precisely, they act as phosphorus transferring enzy {Polis
and others) (62), our results may be interpreted to mean that Iympho-
cytolysis furnishes not only building stones but also energy for syn-
thetic processes. If this were true, we would understand why lympho-
cytes are formed continually, why they are dispersed throughout the
body, and why they are removed after a life span of pusslbly less than a

day. We should comprehend alse why lymphocytalysis is iated
with or preceded by swelling of reticuloendothelial cells; these are the
cells which contain the enzymes ary for the degradation of

nucleic acids

However this may be, we fecl that lymphocytolysis plays a basic role
ot only in the action of steroid hormones but also in physiology m
general. We also believe that 1t furnishes a clue to the function of the

Iymphocyte,

Summary.~Corti ids have a dep g effect upon lymphoid
tissue The 11-o¢y- and hydroxycorticosteroids are more effective than
the sexh while the desoxy ids depress lymphoid tis-

sue only in large doses. The augmentation of this effect by stress and
the ineffectiveness of the steroids upon washed-cell suspensions suggest
that they require cofactors for their action.

Lymphocytolysis is a normal function of germinal centers. Patholog-
1eal lymphacytolysis 1s seen hest in the cortex of the thymus, plasma-
cytolysis in the medullary cords of lymph nodes Grading of the degree
of these phenomena reveals two phases, The second of these is sup-
pressed by dibenamine, the first 15 not Whale 1ymphocytolys:s i asso-
ciated wth d phagocytosis by phages, no
ingestion of disintegrating plasma cells was observed. Lymphucytolysxs
and plasmocytolysis furnish protein and nuclexc acids and their spht
products Protein may be used for gluconeogenesss, while nucleie acids
and their split products may fumish bwlding stones and energy for
synthesis in general.
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ribose or ribose nucleic acid in the nodes (Fig. 10). Xanthine oxidase
activity, on the other hand, was not observed. As Dr. Wagner was m-
ducted into the Army, we could not contuue this work, but 1t was sug-
gested that the significance of lymphocytolysis may lie in the delivery

TabLE 3
Decrabaion oF NucLeic Acios
Nucleic acid

Nucleinase
Nucleotides

Phosphatase
Nucleosides + Phosphate
Adenosine

Adenosine deammnase
Inosine + NH,

Purine nucleosidase
Hypoxanthine (Purine) + Pentose

Xanthine oxidase

Uric acid

¥50 AcTivity  CoMPARCP WITH THE
ActiviTy OF OR LyMPHOCYTOLY-
s15 IN THE GERMIVAL CENTERS
AND wITH THE CONCENTRATION
or Riose NucLesc Acmo (PNA)
CO AND ANTIBODY IN THE POPLITEAL
Lisenr Nopes oF Basprrs For-
LOWING A SINGLE INJECTION OF
A Vacarse 1vro e Foor Pap
Note that the curve of adenosmne
dearmnase activity resembles that
% of the germinal centers, while P}):’/;

4 and antibody concentration reache
9 AGGLUTINN their peak o’r’l the 6th day and then
declned sharply.

2 DAYS
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mal, were those concerning a decrease in rate of growth (2, 8). If our
hypothesis is-correct, it would be expected that there would be a retard-
ation of repaur following the administration of a potent hormene, such
as cortisone, and this has been proven to be the case (4). The techniques
used in evaluating the repair process are much eruder than growth
curves in a standard strain of animal, They depend on morphological
details which ate statie, requinag repeated observations in order to
achieve a dynamic aspect and lend themselses poorly, if at all, te guan-
titative evaluation. Probably because of this lack of precision, larger

ofh are required to d ate an effect upon repaic
than with the more accurate method i olving observations of growth
rates in the intact animal ‘The study of repair has one slight advantage,
that of speed, since results may be obtamed within 2 week in small
animals such as the mouse, It further provides a larger observable cell
population in the traumatized area

The effect of cortisone on repair p is delay, a decel of
the process. Itis apparently dependent on several factors.

1. The amount of hormone injected —Roughly the lag in repur 1s
related to the amount of hormone. With large doses, repair processes
may be brought to a temporary standstdl. With smalfer doses, the
tempo of the pxocess is accelem:ed untsd at a certain low level of hor-
mone admi it Py bl dift may be found with
our methods. At this lcvel growth of the young animal may stll be
decreased. This is possibly a reflection of the crudeness of our tech-
nique

2 The nutritien of the anrmal —Findlay and Howes (5) have shown
that a grven dose of cortisone (ea 8 mgny/hg) in a fed rabbat delays the
appearance of granulations whie 15 mgm/hg does not In a partially
starved rabbit, } . Teparr 1s appreciably ded at a dosage of
15 mgm kg

3 The speaes of anunol —\We have estabhshed roughly the dosage
relationshps wm several species of mammals, but our data are faudy
extensive only for the rabbst and mouse In a sick human besng, with
rheumatod arthnitis, Jupus, and so forth, who 15 eating well, defay 1
Tepair 1s exrdent at a dosage of 2to 3 mgm kg The rabbit at 3 mgm /g,
the adult dog at 10 mgm. kg, the gume'i pig and rat at 50 mgm/}.g and
the mouse at 75 to 100 mgm kg d a sumlar

Deceleration of repawr processes 1s apparent only when there is evi-




Chapter 5

THE EFFECT OF CORTISONE UPON REPAIR
PROCESSES IN DENSE AND LOOSE
CONNECTIVE TISSUE *

By Crartes Racaw, RAFFAEL LATTES, J. W. BLunr, Jr, pE Guise
Vamrancourt, Racert A, Jessar, anp Warrace Epstery, Depart:
ments of Medicine and Surgery and the Laboratory for Histo-
chemistry of the Department of Orthopedic Surgery, Columbia
Univecsity College of Physicians and Surgeons, and the Edward
Daniels Foulkner Arthritis Clinic of the Presbyterian Hospitdl,
New York

Cr:xmm GENERAL CONCEPTS COncerning repair processes in conpective
tissue should be formulateQ before we attempt to discuss the modifica-
tion of such processes by a specific agent. The first concept concems
the unsettled controvery surrounding the stem cell of the fibroblast 1n
adult tissue Although some of the evidence favors the hypothesis ad-
vanced by Maximov and Bloom (1) that fibroblasts are derived from
mononuclear cells~call them macrophages if you will; for this discus-
sion we wall refer to the stem cell as the precursor of the fibroblast. The
second concept 15 that inflammation and repair are intimately srelated
and that one can scarcely be considered without including the other.
Thus, if an infl tory process is localized, obviously repair is taking
place, and the earlier stages of reparr are characterized by a mild in-
flammatory reaction In the third concept, which is speculatve, one
may regard repasr as an acute phase of growth and maintenance of
body structure, mcluding in this concept the thought that cells which
play an active role in repair may play a sunsdar role in normal tissue
replacement and turnover. Thus, it may be assumed that m repair one
is studying the growth of ussue at a markedly accelerated rate, with
augmentation of the cell papulation normally responstble for growth
Among the earliest observations on the effects of the purificd adrenal
hormones, such as cortsone and p $ F in the expert 2} ani-

1 Anded 1 past by 2 grant from the Masonee Foundation for Medical Research and
Human Welfare, and with funds suppled by the US PHS
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sone-treated animals (Figure 1). Whether the difference between
Michael's observations and ours is quahtative or quantitative has not
been established. In the second phase of the reaction, that is, within
twenty-four hours following vaccinia virus infection, within two to three
days after trauma of various kinds, and wathin five days in the fractur-
ing experiments, the difference between control and cortisone-treated
animals becomes manifest. In the cortisone-treated animal, in the
second phase, there is a decrease in the components of the repair
reactions, for example, edema, ] cells ( pl
fibroblasts, endothelial swelling, capillary buds and angioplasia, meta-
chromatic material, and collagen (Figure 2). There is also less differ-
entiation into specialized cells concerned with bone deposition, leading
to less cartilage and osteord and fewer chondrocytes There is, as well,
less reaction to cotton gauze with fewer macrophages and no foreign-
body grant cells.

The cellular effect appears to be exerted on the precursor of the
fibroblast, since once fibroblasts and new blood vessels have appeared,
repair follows Regardless of the controversy concerning the ongin of
the fibroblast, the cham of events starts at the capillary. One theory
postulates that cells migrate through the wall, become macrophages,
and thence fibroblasts. The other school feels that the stem cell of the
fibroblast denves from undifferentiated mesenchymal cells located in
the vicinity of blood vessels In esther event, cells which are absent
from an area before trauma appear following trauma, thus implying
mgration or prolferation

Because of the scarcity of macrophages seen 1n a traumatized area in
the second phase of repau following cortisone ad; ion, several
possibilities have reqy 1 C ly, the capacity of
the macrophage to reach an area and to m)grate into an area and its
ability to phagocytize have been investigated Schoudt and Squires
(12), following the theories of Maximow (18), feel that there are
smaller bers of h lable to the area because of the
restraming effect of the hormone on lymphocyte production through
suppression of lymph node metabolism In tissue culture (14), although

g of I was d d by cortisone, migration of
macrophages was not affected. Phagocytic activity of macrophages m
the hiver (15) and 1n the spleen (16) 1s apparently unaffected by the
administration of the adrenal hormones
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dencé of lymph node and thymic involution or when typical changes are
observed in the spleen, all of which have been considered to be mani-
festations of the “hyperadrenal” state. Adrenal atrophy is not a neces-
sary accompaniment, since delay {n repair may be observed before
atrophy has developed and also a similar delay in repair is seen follow-
ing the administration of ACTH with resultant adrenal hypertrophy.

The effect of the hormone is local (6-9), since topical application
gives findings similar to systemic administration. The change, as
stated above, is solely a delay, since if an animal is wounded twice at
futervals while cortisone is maintained, in the nine-day wound adequat
healing is apparent, with possibly a somewhat decreased amount of
scar tissue, whereas marked delay is seen in the five-day wound.

‘The process of repair may be separated into two distinet phases. In
the frst, cellular infiltration and edema are present and a change in the
appearance of collagen may be seen, namely, tapering of the end of
collagen fibers. In the second phase, macrophages are still present, and
more new fibroblasts appear, with the usual elements of the scar. In our

7 ts the most d ie effects of the hormone have been et-
erted in the second phase, while there is relatively little difference
between the control and the cortisone-treated animal in the frst phase.
Frequently there appears to be little or no tapering of the collagen, and
the cut fibers often retain their blint appearance and there is less endo-
thelial swelling mn the cortisone-treated animal. This has been observed
when using wounds, viruses, fractures, and foreign bodies as injuring
agents The duration of the first phase has varied with different stimuli
In general, it has Jasted for twelve hours in vaccinia virus infection in
rabbits and from one to two days 1n skin wounds and the foreign body
reaction to cotton gauze m rabbits, rats, and mice, In the fracture et
periments on rabbats (10) in which the fractures were not immobilized,
the first phase, or latent perfod, has fasted four days. Possibly this longer
period was due to persistent trauma induced by weight-bearing in the
fractured extremity. Michael (11) has presented evidence to show that
the effect of cortisune could be observed from the moment of initiation
of the inflammatory stimlus. Using croton oil as the jrritant, he has de-
seribed fewer inflammatory cells, less edema, and less margination of
leucocytes from the onset of the inflammatory reaction. In our studies,
in the first phase, with large doses of hormone, we have secn nio appre-
ciable difference in edema and cellular infiltration in control and corti-
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In the fascial and omental spreads of rats given trypan blue intra-
larly many macrophag trypan blue were seen
throughout the spread in cortisone-treated animals, and although
quantitation is difficult, it was our impression that there were more cells
containing the dye in cortisone-treated animals than in the controls.
Thus, although macrophages are scarce in an area of inflammation in a
cortisone-treated animal, the inability of macrophages to migrate while
under the influence of cortisone has not been apparent in tissue culture,
and macrophages have retained their ability to phagocytize actively
when foreign material was brought to them. Schmidt’s (12) theory that
a dearth of macrophages is caused by a decreased supply of their pre-
cursors as a result of cortisone treatment would still be tenable were
it not for one observation we have made. We have inserted many types
of foreign sub: into sub tunnels (17) in cortisone-
treated rats and have observed, as expected, a marked decrease in the
number of macrophages surrounding these foreign materials. In rats
treated with 10 mgm of cortisone daily, on the ffth post-wound day
there has been relatively little reaction surrounding the cotton gauze,
and in many instances the gauze lay free in the tunnel (Figure 8). To
date, the duction of only one suk has consistently been fol-
lowed by a macrophage response on the fifth day in cortisone-treated
rats, namely, oxidized gauze, a polymer of cellubiurome acid. In
cortisone-treated rats there has been a marked response to ovidized
Tlulose of cells bling macrophages, a reaction similar in alf re-
speets to that seen in the control animal (Figure 4 )—while skin wounds
in the same ammal have continued to show retardation of repair. 1t
therefore seems possible that in the cortisone-treated ammal there is
no dearth of macrophage precursors. The absence of these cells from a
traumatized area n cortisone-treated ammals may result from the
suppression of the elaboration of a substance which normally consti-

tutes a stimulus for the lation of phages and new blood
vessels,
Oxidhzed cellulose is an acid 3 haride, and at Jeast two

g
possibilihes are raised: (1) the matenal may act as a cation exchange
resin leading to an area of lowered pH, or (2) the material may have
properties sumilar to the acid mucopolysacchandes present in normal
and traumatized tissue. Both these possibilities are now being explored.

In ) our evid tends to indicate that the effect of cor-
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Ficure 8 Contror Rat (38108-C} anD CORTISONE-TREATED Ral
(38105-E) Avtopsiep Five Days FoLLowinG SUBCUTANEOUS
ImpLANTATION OF GAUZE PLEDGET
Note the complete encapsulation of the foreign body m the control
ammal and showing free gauze and unaffected surrounding tissues
m the cortisone-treated amimal

tisone on the repair process is exerted chiefly during the second phase
of this process In the first place the microscopic appearance is sumilar
to that seen in the untreated animal, save, perhaps, for a lack of collagen

and less endothelal swelling. It seems likely that in the
second phase there is a decreased elaboration of a substance or sub-
stances having chemotactic or stunulating properties for macrophages,
fibroblasts, and new blood vessels.
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Chapter 6

ADRENAL HORMONES AND THE
DEVELOPMENT QF ANTIBODY AND
HYPERSENSITIVITY 1

By Evwano E. Fiscuer, The Department of Medicine, Columbia
University College of Physicians and Surgeons and the Edward
Danicls Faulkner Arthritis Clinic of the Presbyterian Hospital,
New York

IN THE TWO YEARS which have elapsed since our brief summary of
studies on the relationship of adrenal cortical hormone to immune ré-
sponses (1), there have appeared numerous reports devoted to this
subject. It is not possible to review this wark critically in the time avail
able. Furthermore, in many iwstances the data are based on the study of
heterogeneous systems and have not been strictly quantitative. Quanti-
tative studies are necessary, since the development and severity of
hypersensitivity depend largely on the quantity of antibody available
for reaction 1n the tissues (2) There are, therefore, at least three ques-
tions to consider in connection with the study of immune responses;
first, what is the effect of adrenal cortical hormones on the development
of antibody, secondly, given a known amount of antibody, what effect
does adrenal cortical hormone have on well-defined sensitivity reac-
tions due to the unton of antigen and antibody, finally, what effect do
the hormones have on tissue reactivity nonspectfically rather than on
the allergic reaction per se Our di ion will be principall d
with the first two questions and with the third only by unplication.

In collaboration with Drs. Bygrneboe and Stoerk sev eral senes of rab-
bits were immunized to a polyvalent pneumococeus vaccine, A decided
inhubition of antibody formation was found when cortisone or ACTH
was admini d during (8) Table 1 illustrates the ex-
periments with cortisone at two different dosage levels. It is apparent
that there was considerable variatton withm all the groups, but at nme
and fourteen days after onset of immumzation the mean amount of

1 Asded by grants from the Helen Hay Whitney Foundation and the Masonic
Foundation for Medical Research and Human Welfare.
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Tasre 1

Tus Errscr of CORTISONE ON THE AMOUNT OF CICULATING ANTIBODY
Wuen e Horvong Is ADyinsteren Frost 75E ONSEY OF
Ianuvizatoy wite PREoMOCOCCE

MG ANTIBODY NITROGEN PER ML OF SFRUM (Mg AbN/ML)

10 MG CORTISONE 13 DALY 2.5 MG CORTISONE LM DAILY

Ninth Fousteenth Fourteenth
Rabbit Day Day Rabbit Day
B2 0.06 046 E24 0.49
B§ 006 0.48 8 0.62
B12 0.09 E29 067
B9 010 048 E20 0.70
Bl 0.13 28 0.80
B7 018 077 E28 0.85
E23 0.85
ES 0.85
Ear 108
jord 118
Mean AbN/ml 012 0.55 0.81
Mean ABN/ml of
control groups
without cortisone 027 1470 1178

2027 and 147 are the average AbN/ml on the 8th and I4th days, respectively,
of 27 rabbits immunized sumaltaneously with the B group enimals Indwvidual titers
of these controls on the 9th and 14th days are as follows. 013, 049, 028, 054,
019, 060, 021, 081, 0.07, 089, 031, 075 022, 099, 082, 112, 023, 115,
019, 120, 0186, 126, 0,36, 133, 0.08, 1.34, 027, 154, 040, 154 022, 1.57,
‘3§Z- e 012, 188; 035, 168, 022, 1'{)5, 07, 2 16, 018, 2.23, 027, 2.34,

PR
antibody nitrogen 1 rabbits given 10 mgm cortisone daily was about
one half and one third, respectively, of the mean titer of untreated rab-
bits Ata dosage level of 25 mgm of cortisone daily there was less differ-
ence between treated and control groups A distinct inhibition of
antibody was also found with ACTH, even with the small dosage of
ACTH used { Table 2).

In a previous study Bigmeboe and Gormsen (4) demonstrated a rough
correlation of spleen weight with antibody titer in rabbits hyperimmu-
nized by this method. A similar correlation was found in these studies,
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TaBLE 2

Tre ErFect oF ACTH o~ TiE CONCENTRATION OF CIRCULATING ANTIRODY
WHEN TiE HoratoNe IS ADMINISTERED FROM THE ONSET OF
IvaruxtzaTion wir PNEUMococer

MG ANTIBODY NITROCEN PER ML OF SERUM AT 14 AND AT 28 DAYS AFTER
BEGINNING IMMUNIZATION WITH FNEUMOCOCCI

A¥TER 14 DAys AFTER 28 DaYS
ACTH Group P Couteol Group K ACTH Group P Control Group K
mg ADN/ml  mg/AbN/ml mg/ALN/ml mg AbN/ml
0.50 0.98 0,67 141
054 147 1.01 190
062 149 1.22 280
081 202 187
2.34 222 3.34 581
2.30 472
2.50 623
Mean 0 96 1.85 158 365

Five New Zealand red rabbuts treated with ACTH, approximately 05 to 10 mg
Armour standard, e\ ery 8 howrs for the entire perod, 7 control rabbits of same stran
The spleen of the cortisone-treated animals was smaller, and its micro-
seopic architecture was disrupted The disturbance by cortisone was
found to mnvolve numerous cell types of the spleen and lymph nodes
(3).

It was of interest to observe what happens when cortisone is admin-
istered after immunization has already become well established. After
fourteen days of immunization amimals with varying levels of antibody
were separated into two groups, one of which then was treated with
cortisone The i il of g i were conti
in both groups. Figure 1 llustrates the progressive mcrease m the mean
titer of the control group of rabbits and the lack of any increase n the
mean titer of the cortisone-treated group There were widespread mde-
vidual vanations in both groups, but the pattern induced by cortisone
was well defined. Another series of rabbits was treated with cortisone
after i was well blished, with similar results (Fig. 2).
Continuation of cortisone for a longer period of time resulted in a dis-

tinct drop in anttbody titer, despite the persistent administration of

pNeumococcus Vaceine.
Antibody depression by cortisone or ACTH both donng immuniza-

won and after the onsct of smmumization had not been observed by
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previous investigators in this fleld, as has been discussed elsewhere (3,
42). However, when quantitative immunochemical methods were em-
ployed, a depression similar to that discussed above was observed by
Germuth and Ottinger in rabbits, using the crystalline egg albumin
system (5).

There have been several attempts to study the action of adrenal
cortical hormone on antibody production in human beings Hormone
dosage and the antibody system measured are important in considerng
the results. Havens and his coworkers found that the hormones had no
effect on immunization to diphtheria toxoid, but in all instances the
hormone was administered after the toxoid had been injected (6},
Mirick reported no alteration 1 the prod of
antibody in cortisone-treated human bemgs when the antlbody was
measured by the mouse-protection method, that is, a double dilution
technic (7). Larson and Tomlmson (8), using the quantitative precipi-
tin method, found no marked difference in antibody production to

ly ide in p with rh toid arthritis
treated with curtxsone In certain types of acute leukemia, however,
Larson has shown that the exceedingly hugh levels of antibody ordinar-
ily obtained may be diminished toward a normal level by the use of
cortisone (9). Studies with the antyy )] haride anti-
body should always be interpreted in the frame of reference of the
peculiarities of that antibody. Thus, in human beings 2 maumum titer
15 aclieved 1n two to four weeks and does not diminish appreciably with
time, nor does it increase when injections of antigen are gwen after
several years (10), suggesting the persi: of Tus 0
contrast to other antigens, such as ryphau] vaccine or d;phrbena toxoid
The lack of a pronounced effect of cortisone on anttpneumococeus
polysaccharide m rhenmatord patients may be a reflection of the pecul-
1ar antigenic stmulus, the dosage of cortisone or of other variable
factors

In rabbits, the depression of antibedy by cortisone during immumza-
tion suggested that adrenal cortical hormone acts by esther accelerating
the breakdown of antibody or inhibiting 1ts synthesis. An evperiment
was carried out in collaboration with Drs Stoerk and Bjgrneboe (11)
to determine if antibody catabolism was affected. Antibody was pas-
sively administered to four rabbits, two of which were treated with
cartisone before and during passive immumization. The residual anti-
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body in the rabbit circulation was determined by the quantitatve ag-
glutination method of Heidelberger and Kabat (12). The antibody,
therefore, was used as a “tagged” protein, tagged by virtue of its ability
to react specifically with antigen. Figure 3 illustrates the disappearance
rates of this antibody in the four animals studied. The similarity of the
curves is striking for a biological experiment. Residual anhbody was
determined at twenty minutes, and one, two, four, seven, and ten days
after passive i ion, From the straight-line part of ths disap-

g
pearance curve, after the second day a maximum half-life of the pas-
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sively administered antibody globulin is found to be about six days.
This study demonstrated that antibody is not catabolized more rapidly
in cortisone-treated animals and suggested rather that the cause of low
antibody levels in immunized animals treated with hormone is imhibi-
tion of synthesis (11). This hypothesis is also supported by studies
which show that labeled amino acids are not incorporated into tissue
protein when cortisone is administered (13). Catabolism may be accel-
erated in other tisues, as mentioned by Dr. Engel (14), but for the
antibody protein studied, at least, there was no mdication of this. In
order to test by immunochemical methods whether synthesis 1s inlub-
ited, we have cast about for a situation in which protein 1s being syn-
thesized at a very rapid rate, so rapid that degradation of the protem
may be considered negligible in the early phase. Such a situation is
found 1n the specific 1¢, oF dary, resy If an ammal
has been immunized with a specific antigen and is then allowed to zest,
the subsequent exposure to that antigen usually causes a marked in-
crease in antibody Within about 5 days large amounts of antibody may
appear, in contrast to the slow and gradual increases which occur on
initial immunization

There is no sut 1 evidence that pecific stimuh can cause
an outpouring, of spearfic antibody. Eisen and his coworkers showed
that adrenal estract faled to enhance circulating antibody (15) In
1949 our work with Drs LeMay and Kabat showed that ACTH does
not cause a nonspecific anamestic response, but, indeed, possibly even
a diminution 1 antibody (16) DeVrnes has obtamed sumlar quantita-
tive immunochemical data (17), and other reports have now appeared
confirming this finding, winch is at variance with the findings of Dough-
erty and White (18)

In connection with the problem of mhibition of antibody synthesis
by cortisone, we have retutned to the study of anamuestic response,
this time using crystalline egg albumin as the specific antigen to which
the ammals had previously been immunized Precyptin reactions
showed production of antibody protemn was markedly mhibited in am-
mals pretreated with cortisone The rapid production of the globulin
which occurs in untreated arumals 1s absent in cortisone-treated ani-
mals (19, Fig 4) A sumlar inhibition of the dary was
reported by Stoesk 1n acute pyndoxine deficiency (20}, and by Philsps

and others with mtrogen mustard, Fagraeus has ob d similar data
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on the inhibition of the secondary response, which is of great interest
because of the time-dosage relationship (21). Fagraeus and Berglund
gave rabbits an antigenic stimulus for a secondary response to typhoid
bacilli and then, at various intervals, transplanted the spleens of these
rabbits into recipient rabbits, some of which were treated with cort-
sone. Transplantation of the spleens of the denor rabbits was performed
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RaBBITS BEFORL AND AFTER THE INDUCTION OF A SECONDARY

REsPONSE

From Proc Soc. Exp Biol. & Med , 1952, 81 344
on either the first, second, or third day after antigen injection, but ir-
respective of the time of transplantation the recipient rabbits not
treated with cortisone showed a great increase in titer of antibody to
typhoid bacilli on the fourth or £fth day after the antigen was admin-
1stered to the donor rabbit In cortisone-treated recipient rabbuts, trans-
plantation during the first two days did not result in any antibody in-
crease. When the spleen was transplanted three days after antigen was
admnistered, the serum of the cortisone-treated recipient ammal
shawed a rise in antibody on the fourth or £fth day similar to that of
the control animal. It was concluded that cortisone did not inhibit the
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synthesis of antibody protein, but rather blocked the processes associ-
ated with assimitation of the antigen. Moeschlin and others have also
reported that pretreatment with ACTH or cortisone inhibited the sec-
ondary response, while later treatment failed to do so, suggesting a
similar effect caused by hormone administration (22). In studies on the
inhibition by cortisone of experimentally mduced acute disseminated
encephalomyehtis in monkeys, Kabat, Wolf, and Bezer found that

Joma formation sur ling the site of antigen-adj inocula-
tion was reduced or abolished m the corti treated animals (23). It
had previously been shuwn that the granuluma formation was essenhal
for the production of d inated lomyelitis, p ly by

bnngmg antibody forming cells in ntimate association with the anhgen
{24). Tt would appear, from the studies on the fack of incorporation of
wsotopic amine acids into tissue protewns of cortsone-treated animals
{18) and from the above studies, that both steps in the development of
antibody may be affected by cortisone, that is, the “assimilation” of
antigen and the synthesis of antibody glebulin.

Having considered the effect of adrenal cortical hormone on antibody
production as one of the aspects of the development of the immune
response, the next logical consideration 1s the effect of hormone on well-
defined senstity reactions due to the union of antigen and antibody.
Anaphylaxis and the Arthus reaction, prototypes of allergie reactions,
have been apprased quantitatively and found to exubit 2 direct rela-
tionship between the amount of antibody avmlable and the severity of
reaction (2). It 1s to be expected. therefore, that those sensitivity reac-
tions which are induced by active ization may be inhibited to
some extent by corti sinee antibody prod iself is inhibited
Studies on actively nduced serum sxclmess (25) and the Arthus reae-
tion (5) bear this out By passive induction of the Arthus reaction, how-
ever, the effect of cortisone on antibody available for reaction is circum-
vented. It has been our experi that Arthus ions induced by
amounts of antibody resulting in minmal or maximal reactions are not
altered by appreciable dosages of ACTH or cortisone (1). The failure
of cartisone to affect the passive Arthus reactions has been corrobo-
rated by Germuth and Ottinger (5) On the other hand, it has been re-
ported that passively indnced systemic serum sickness reactions in rab-
bits have been ihibited by cortisone (26). This study may mdicate a
variable effect of cortisane m sites other than the skin, a!dmugh it ap-
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pears difficult to evaluate effects with precision in a system which re-
sults in and wid d histol 1 Jesions.

It was eatly reported that anaphylaxis to horse serum in guinea pigs
was not apparently altered by ACTH (27). Our own studies, employ-
ing known amounts of antibody to induce anaphylatis according to the
method of Kabat and his coworkers (2}, confirmed the lack of effect of
cartisone and of ACTH (1). Recently, with Dr, Carl Nelson, we have
continued the study of passively induced anaphylaxis, employing very
large quantities of cortisone, 25 mgm daily for three days to 250 gm
guinea pigs (28). With such high doses of cortisone there was a shght
indication of a protective effcct at the lowest antibody level (Table 3),
which 1s hardly impressive. The failure of cortisone or ACTH to pro-
tect against anaphylaxis has been independently confirmed by Stoerk
(29), Grabar, Benacerraf, and Biozzi (30), Malkiel (81), and Marcus
and others (32)

Nelson, Fox, and Freeman (33) have reported that actively mduced
anaphylaxis in the mouse may be inhibited by 8 mgm cortisone daly,
but not by 0.75 mgm. It is of interest that the protective effect of vac-
cination with dead tubercle bacilh in mice may be abolished by the
administration of only 01 mgm cortisone daily, as was shown by Solo-
tarovsky, Gregory, and Stoerk (34) This emphasizes some of the prob-
lems of relative pharmacological potency at different dosage quantities
of the hormone, sunce thirty times as much was required for the nhibi-
tion of anaphylaxis The inhibiton by cortisone of a different type of

phylactic death in adrenal ized mice was reported by Dough-
erty (35). Larger shocking doses of horse serum were required by the
actively immunized mice treated with cortisone than by those receiving
no cortisone, the observation being nterpreted as a degree of protection
from anaphylaxis. As has been previously pointed out (1), however,
protection from any noxious lus may be exp d by substi
therapy in adrenalectomized anunals In addition, quantitative studies
have repeatedly demonstrated that sensitivity reactions of the anaphy-
lactic and Arthus types are far more sensitive to changes in the amount
of antibody rather than of antigen, and for that reason passive immu-
nization has been employed (1-2, 5, 28-32) to assure constant amounts
of antibody and circurm ent the mconstancy of anaphylaxis which may
be caused by extreme variations of antibody leve} found in actively im-

munized animals.
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TasLr 8

Lack or Errect oF ADRENAL CoRTICAL HORMONES ON ANAPHYLAXIS
INDUCED IN GUINEA Pics BY PASSIVE SENSITIZATION

UNTREATED

SENSTTIZINGDOSE  LATENT PERIOD TREATED GROUP CROUR
OF ANTIBODY AND SHOCKING Hormone Gueen  Seventy Severty
NITROGEN—1 v, DOSE—1 V. before Shock  of Shack  of Shock
240 pg Lhr 2mg ACTH ++++  +4+++
016mgEaN. 8 hrs. before ++ A+t
++ +e++
++ et
80 g 48 hrs, 2mg ACTH +++4++  +++-+
016mgEaN. q6hfor ++++ A+ttt
2days ++++ ++
+++ +

+4+

32 g 48 hrs cortisone o+ RS
0.06mg Ea N 25mgIM. 44+ s
{gp 300-400 Gm) for 3 days +4++ ++
++ ++
4 +
25 pug 48 hrs cortisone ++++ ++++

016mgEaN. 25mgIM.  F+++ b+
for4days ++++  ++++

+++ ++

125 g 48 hrs cortisone $H4+ A+
016 mgEa N 25mg LM +4++ + 4+

for 4 days ++ A+t

+ 4+

+ 4+t

+ +++

Experience with less-well-standardized allergic reactions, such as the
tuberculin reaction, are more vaned and apparently largely dependent
on dosage and duration of hormone treatment In animals and human
beings made markedly hyperadrenal by ACTH or cortisone adminis-
tration there appears to be a defimite whibition of the tuberculn reac-
tion, which apparently results from altered skin reactivity rather than
from any 1nterference with an allergic reaction per se A complete sup-
pression of the gumea pig tuberculin reaction by ACTH was reported
by Favour (36) Our expenence has been that skin sensttivity to tuber-
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culin or to streptococcal nucleoprotein was not altered in twenty pa-
tients receiving ACTH or cortisone in doses which were sufficient to
cause a remission of their underlying disease process (1). However, in
three instances of excessive hormone administration and marked hyper-
adrenalism with atrophic skin ct inhibition of the tuberculi

reaction did occur. In guinea pigs the Li i hat

was
depressed, but by no means obliterated, by large doses of cortisone, that
is, 25 mgm daily for several weeks (87).

1t is dufficult to asenbe the beneficial effect of cortisone or ACTH in
clinical allergy simply to the inhibition of antithody production, except,
perhaps, in a few instances of hemolytic anemias reported by Dama-
shek (38). Generally the extent of inhibitron of antibody, found in the
rabbits studied by our group (3) and that of Germuth (5), is not ap-
preciable enough to explain the dramatic clinical effects in which symp-
toms may disappear in 2 few hours. The failure of cortisone to inhibit
experimentally induced allergic reaction is in marked contrast to the
effects climcally observable in a vanety of allergic diseases (39). The
differences, however, may be due in part to the ameliorating effect of
cortisone on inflamed tissue sites as opposed to its Iack of effect when
the inflammatory allergic reaction is induced in previously normal
tissue. This may explam the discrepancy noted in patients with hay-
fever, in whom cortisone or ACTH may produce marked clinical remts-
sion of symptoms and signs of nasal congestion, but at the same time
may fail to inhbit the reactwvity of the patient’s skin to an injection of
ragweed extract Such local variations in sensitwity may be attrbuted
to the fact that different amounts of antibody are required for sensitiza-
tion at different sites, but it is unltkely that cortisone lowers the anti-
body level rapidly enough to amehorate symptoms at the site requiring
a hgher level of antibody for sensitization The action of cortisone in
such cx’rcumstances may then be on the various mesadermal cells of the
inflamed site, fibrobl. macr philes, and others, and
may have litle to do with the inthibtion of an allergic reaction per s¢
Tissue reactvity in granulating wounds and analogous lesions 1s ob-
servably depressed by cortisone (40), as is the edema in the Arthus re-

achon (41), despite the of the final izing effect (1,5).
In summary, various aspccts of the effect of ACTH and cortisone on
the devel t of i resp have been appraised. Antibody

prcduchon 15 inhibited by those hormones during active smmunization,
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Bliched

after i ization is well and during the development of
the secondary response. The failure of cortisone to affect the rate of
pp of p 1 ini: d antibody and the timing of the
effect of cortisone on the secondary response suggest that the synthesis
of anttbody is intubrted, as well as the “assimilabion” of antigen.
Allergic jons induced lly are not altered by corti-
sone or ACTH, despite the mamfest amelioration observable in clinical
allergic reactions. The interpretation of experimental and chnical
studies are often complicated by variation in the dosage of the hormone,
the types and amounts of antigen and antibody, and the animal species
studied. Apparently cortisone does not inhibit the umon of antigen and
antibody nor the resulting sensihization reaction, but in large dosage
may mhibit ifically certain infl Y
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have been studied in some detaid by several investigators. It appears
difficult to deaw general conclusions {rom these studies, because the
results in each case depend upon the nature of the injuries infiicted,
the species employed, and the dosage of cortisone used.

While it now seems urhhely that cortisone does affect the cata-
bohsm of protein in other tissues {15-16), apparently the breakdown of
vmphoid cells is eshanced during the hyperadrenal state. Numerical
estimation of mitotic activity in Jymphowd tissue rendered atraphic
through the action of cortisone, revealed undiminished mitotic activity
{7). Furthermore, the uptake of labeled P was essentially unaltered in
Irmphoid cells of cortisone-treated animals (17). These findings indi-
cate that cortisone causes degradation of lymphoid cells at an increased
ate. Very large doses of cortisone in a short time cansed nearly com-
plete Joss of the majority of mononuclear Jencocytes in lymphoid organs
and Jeft almost exclusively a quantity of reticulo-endothelial ar of epi-
thelial syncytial cells. Sections of such greatly atrophied spleens of
rodents contain megakary: oblasks and megakars ocytes, which together
with the myeloid €} vhere remain unaffected. (18). Although
cortisone fails to affect the granulocytes at the site of thewr formation,
poly b Jear exudation 15 supp d by large of the
steraid (19) Whether this results from the action of cortisone upon
these cells under special circumstances or whether corfisone inhibits
cellular evudation togetber with fluid exudation remains an open ques-
ton. Furthermare, it was shown that in granulation tissue £broblastic
proliferation is ;nhbited during the hyperadrenal state (20-21). This
actin of cortisone is also hikely to be a factor responsible for mpair-
ment of the defense hanism. The doses y to obtam this
snbibition are high, and it appears Ikely that this effect of cortisone is a
consequence of its anti-anabolic action 2nd 15 directed against the pro-
Hif of the fibroblasts. The retculo-endatbelial system also fs gen-
erally d to exert a p action in nf diseases No
valid tests bave as yet been devised to measure ats normal function, but
the phagoestie activity of lushoc\{es may be judged to same extent.
With respect to an app y mext water-soluble material, carbe
cellelose, the phagocytic actinty of rats ijected with cortisone was
found to be strdangly mcreased (Fig 1 A}, However, enhancement of
phagoeytasis wwas Jess apparent when particolate matter (Inda wk)
was injected with the cortisone.




Chapter 7

DEPRESSION BY CORTISONE QF INHERITED
AND ACQUIRED RESISTANCE TO INFECTION
AND TO TUMOR GRAFTING

By Hereerr C. Stoerx, The Merck Institute for Therapeutic Re-
search, Ralseay, New Jersey

Momz THAN TWENTY-FIVE YEATS AGO Murphy observed reduction of na-
tural and of acquired resist: to experimental tuberculosis and to
tumor grafting following X-radiation (1). This effect was ascribed by the
author to the destructive action of the X-rays upon lymphocytes. This
thesis has found ample support from several more recent studies in
which Joss of lymphoid tissue was produced by means other than
Xeradiation, mncluding the induction, with cortisone or adrenocartico-
trophic hormone, of the “hyperadrenal state.”

Past experience has made it suﬁicx‘cntly evident that the integrity of
lymphoid tissue is essential for the develoy t of
Several agents causing striking loss of lymphoid cells were obsen ed to
inhibit antibody formation .\-ray (2), pyndoxine deprivation (3),
mitrogen mustard (4), and antifohies (5) were shown to exert such an
effect. Wells and Kendall (6) abserved that injections of cortisone were
followed by a strking reduction of lymphoid tissue Subsequently it was
found that the hyperadrenal state, with its attendant loss of lymphoid
cells, 15 also associated with a depression of circulating antibody glob-
ulin (7-9) and with loss of resistance to a variety of mfections (10-12).

The observations on cortisone-injected rats summanzed below con-
cern in part the Joss of resistance to an unusual infection (Tyzzer's dis-
case) attnibuted to B piliformzs (13). The susceptibility to this epi-
zootic hepatitis was previously shown to be dependent upon genetic
factors (14). In a somewhat similar fas}mm susceptibility to homolo-
gous tumor grafts is related to inherited properties. Supp of
“natural” and of acquired resistance ta grafting with homalogous tumor
cells was also observed to follow treatment with cortisone.

The alterations by cortisone of the vanous tissue reactions which are

thought to be related to the mechamsm of defense against infection
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Jominantly they bed to epizootic b is {(Tyzzer's disease)
(Fig 24 “and B), althourh many of them showed evidence of other
ifoctions as well, We have prenausl) observed Joss of resistance to
epizantic hepatitis following nearly complete loss of lyvmphoid cells in
“acute” pyridotine deficiency {22). Earlier it was shown by Tyzzer and
by Gowen and Schott that resistance to B. piliformis infection may be
accounted for by a major genetic factor (14). In seseral of the animals
there was also found a necratizing gastnns (Fx" KAt I ot
of the necrotizing esorh~—*" - o
patients in associatior . ' . sue 1umen of such ani-
mals was beavily finew vy a dense mixture of bacteria, although no
Cendida albicans-like organisms were encountered. Blood cultures of
dying rats were taken, and in most cases they were found to contain a
rariety of microorganisms, among which hemolytic streptocoeci and B
coli were identified. In this connection it seems worthy of mention that

rphot t ch: poestive of viral hare been obsersed
in other «penmmts Dunng a study concerning the Masugi nephritis
of tats, intrapuclear mclusxorns in renal mbular epithelia were found
(¥Fig. 2 E} in yats wjected with Upjohn's lipo adrena) eﬂmct {23) ot
with cortisone, but not m Dck-hented or umnears ”

¥rom the above frt - * JR
teeoted with lasge ¢ *Jvast partly caused by Jow-
ered resistance to tacuwns and that the death from these tntercurrent
nfechous diseases made it dificult to observe possible lethal tovie ef-
fects of the steroid itself This was supported by the fact that antibiotics
sigoificontly prolonged the hfe of ammals treated with massive dowas
of corhisone. The susceptibility of carhsonrvm"\“‘ N N t
appear to be sapropbrres 77
any of the numerau: o s wovount for natural
resistance Yt appear o nnely, howerver, that these findugs concemn
sefected m which acquired ance. 1R a somewhat dis-
guised form, 1s suppressed by the action of the steroid.

In view of findings showing that curcnlotng amtsbodies are sup-
pressed durmg the hyperadrenal state, st appeared Llely that thus ef-
fect, of suffictently pronounced, should tead to foss of acquired resistance
o infectious agents known 2o elat measurable antibody formation.

An as yet undefined form of unmunity dhstinet from the classic pe,
accounts for acqusred and hyy ity in tuk Josis. It
“as previousts shown that the daly spjection of 1 mg of cortisane mver-
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Ficune 1. Kuerrer Ceirs of Rars I». JECTED WITII SUSPENDING
AcenT CoNtamnine Na Carpoxy Merayr CELLULOSE
A. recenved 8 mg of cortisone daily for six weeks B received 3 mg
of cholesterol dasly for six weeks.

Therefore, the mononuclear leucocytes of the nonmyeloid series are

PT ly subject to 1 destruction by cortisone, while the cells
of the granulocytic and erythroid seres, with mature histracytes and
mature fibroblasts, remain unaffected by its action Although no data
from comparative studses on this specific pomnt are as yet available, our
evidence mdicates that the small lymphocytes are more readily sup-
pressed by cortisone than are other mononuclear leucocytes,

When very large doses of cortisone (20-100 mg) were given dady
to young rats (Table 1), the aumals cited after one to two weeks Pre-

TasLe 1
Erzootic Heratiris 18 CORTIone-TREATED Rats
Iucidence of
Number Mgof Corbsone Gm Body Werght Days Surtnal Time  Eprsootic
of Rats  Injected Daily Il Fin al Ace (Range) Hepatitis
3 20 17 76 14,5 (14-15) /3
3 50 102 70 95 (8-11) 2/3
3 100 115 77 75 (7-8) /3
10 30 17 74 12.3 (8-16) 9/10
10 30 117 83 21.2 (18-27) 1710

@ 2,000 umts penmllm, 8,000 units streptomycin
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came the beneficial effect of vaccination 1n mice infected with a highly
virulent strain of M. tuberculosis, human type, but did not significantly
enhance the lethality in nonvaccinated mice (24) It was also demon-
strated that the tuberculin reactiy ity of sensitized guinea pigs is mhibited
following a short treatment with cortisone. The data summarized in
Fig. 3 illustrate this action of cortisone. The same treatment (at the
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Ficure 3 Coyparison oF Spze oF Tupercurwy REacTioNs v
Grours oF 350 SexsiTizép Guines Pics (Eace Vawve Cor-
RESPONDING TO AN AVERAGE FroM 10 15 ANIMALS)

A single mjectton of old tuberculn 01 com or 5 daily mjections of
5 mg of cortisone sigmficantly depressed the size of the tuberculin
reactions

dose level employed) was found meﬂ'echve n suppressing established

of the “ diate” type (Arthus and anaphylaxis)
(25) and therefore were apparently not caused by a nonspecific suppres-
sion of the reactivity of the skin or 1ts supporting structures. It was
shown by Landsteiner and Chase (26) that the “delayed” form of re-
actwaty 15 transferable only by intact lymphoid cells, not by injured cells
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rise to immune responses The main sites of this immunity, at Jeast as
far as available for circulation, appear to be the lymphoid cells of the
recipient animal.
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Ficure 4. Senxsitrzation oF Sprenic Ceris of Rats INyECTED
wrr INTact HoMoLOGOUS SPLEEN
Three groups of 8-15 rats each were injected 3X weekly one with
of intact, homologous, splenic cells, the other with an
wdentical suspension subjected to freezing and thawmg and the third
with saline One week after the last injection pools of serum and of
saline suspended lymphowd cells (spleen) from those 3 groups of
rats were tested for ther “cytotonc” action upon lymphosarcoma
cells 230,000 lymphosarcoma cells were mixed with the respective
matenal, incubated at 37°C for one hour, and then mjected into
groups of 6 susceptible rats Each pomnt on the graph represents the
average tumor volume attamed 14 days after the moculation

From the experiments summarized m Table 2 1t may be seen that the
acquired resistance to grafting with lympt cells is dimimshed
when, following the of 1 ! lymphoid cells, cortisone
is admimstered prior to the challengmg moculation Recently it was
observed that the administration of cortisone prolongs the p
of homologous transplants of skin (82) and of kidney (83), as 1t was
also reported to counteract the 1ll effects of incompatible transfusions.
Furthermore, discases such as certan hemolytic anemias (3%) and
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or serum. An immune principle sessile in intact lymphoid cells, strik-
ingly bling that of Landsteiner and Chase, was demonstrated
by Kidd to be associated with acquired resistance to regrafting with
neoplastic tissue (27). The finding that this type of immunsty is also
diminished when lymphoid tissue is suppressed by the administration
of cortisone or by pyndoxine deprivation (28) points to another sim-
larity between these two forms of immunity associated with “sensitized”
cells.

It has been repeatedly suggested in the past that the success of graft-
ing with homologous tumor tissue largely depends upon the same fac-
tors which determune the fate of homoio-grafts of normal tissue. It was
suggested that the pathility of h log tissue grafts among
ammals other than those of monozygotic ongin is caused by undefined
iso-antigens (“indidualty differentrals”) distinct from those of the
known blood group substances (29).

It has been known for a long time that animals in which tumor-
transplants have regressed or those in which transplanted tumors have
been surgically removed may become resistant to regrafting with
tumor cells From our own etperiments 1t was observed that rats in
which lymphosarcoma impl. had d in all i were
resistant to regrafting with the same neoplasm. The resistance devel-
oped irrespective of whether reg accurred sp Iy or
whether they were induced by niboflavin deprivation (80).

In accordance with Kidd and Toolan’s findings, we have cbserved
that suspensions of Jymphoid cells from rats m which lymphosarcoma
implants have regressed were “cytotoxic” to lymphosarcoma cells
However, 1t was also seen that mjections of normal, homologons lymph-
oid cells and to a lesser extent other tissues produced resistance to
grafting with tumor cells (31) Rep d iny with homol
lymphord cells “sensitized” the cells of the recipent rat agamst lympho-
sarcoma cells m apparently the same fashion as regressing tumor trans-
plants (Fig 4) Autologous lymphoid cells failed to produce resistance
to tumor grafts, as did heterologous or mjured homologous cells. No
mmune activity of serum could be d rated in rats ized

ly with b logous lymphord cells These findmgs apparently
indicate that mntact lymphoid cells more than other cells carry certain
(“indsvidualty duff 1s”) which 1 a population of
duffe than monozygotic indwviduals gave

150-20tig
. coall
animals g 1ly more
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nise to immune responses. The mam sites of this immumty, at least as
far as available for circnlation, appear to be the lymphoid cells of the
recipient ammal.
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Ficure 4 Sexsrrization oF SpLENic Ceris oF Rars INJECTED
wiTH INTACT HOMOLOGOUS SPLEEN
Three groups of 8-15 mts each were mjected 8% weekly one with
of mtact, 1 splemc cells, the other with an
dentical suspension subjected to freezing and thawing and the third
with salime One week after the last mjection pools of serum and of
salme suspended lvmphmd cells (spleen} from those 3 groups of
rats were tested for therr “cytotoic” action upon lymphosarcoma
cells 250,000 lymphosarcoma cells were mmed with the respective
matenal, mcubated at 37°C for one hour, and then mjected nto
groups of 8 susceptible rats Each pomt on the graph represents the
average tumor volume attamed 14 days after the moculation

From the experiments summanzed m Table £ 1t may be seen that the
acquired resistance to grafting with lymphosarcoma cells 15 diminished
when, following the mjection of homologous lymphoid cells, cortisone
1s admimstered pnor to the challenging moculation Recently 1t was
observed that the ad ration of cortisone prol the
of homologous transplants of skin (32) and of kidney (33) as it was
also reported to counteract the 1ll effects of mcompatible transfusions.
Furthermore, diseases such as certain hemolytic anemms (34) and
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TapLE 2
SuPPRESSION OF RESISTANCE TO GRAFTING BY CORTISONE
Cell Suspension Treatment after Number
Injected @ Injection of Takes
Spleen (i.v.} 3/9
Spleen (iv.) Cortisone 5 mg 710
Cortisone 5mg 10/10
Thymus (i v.) . 3/10
Thymus {(i.v.) Cortisone 5 mg 99
Cortisone 5 mg 9/9
9/

@ Seven days before inoculation, Rats injected with intact, homologous, lymphord
cells (spleen or thymus) seven days later were inoculated with lymghasarcoma ‘The
greatly lowered incidence of takes which follows the injection of lymphod cel
was nearly restored to normal by the administration of cortisone.
thrombocytopenic purpuras (85) were found to be benefitted by corti-
sone. It is possible that all these observations may pertain to a suppres-
sion of some such form of 1so-immunity. Finally, 1t is illusteated by the
experiments 1 Table 8 that “natural” resistance to tumor grafting 12
some of a stock of rats, generally held to be caused by an inherited iso-
i logical i ipatibility, may be supy 1 by the administra-

g
tion of cortisone.

An agent capable of supy ing i p without causmg
irreversible systemue damage has m the past been suggested to be of

TasLe 3

SupPRESSION oF “NaTURAL” RESIsTANCE T0 Tupor GRAFTING
Y ConTisone

Mg Number Number of
Group Cortisone of Rats ¢ HRegressions
1 2 38 1
i 3 18 0
hiig 5 26 (]
I-1r 2-5 82 1(129%}
v - 38 8
v - 18 7
VI - 26 10
wW-vI — 82 25 (80.5%)

aOFf 164 rats inoculated with Iymphosarcoma, half were Injected daily with
cortisone Twenty-five spontancous regressions occurred in the untreated group,
while only one rat in the cortisone-treated group failed to die with a lirge tumor
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2l th

peutic value in combatting diseases of hypersensitivity
(36) Since it was discovered by Hench ‘and Kendall that rheumatoid
arthntis and other conditions strongly suspected to be of allergic etiol-
ogy were alleviated by cortisone, it has been considered by some that
this may be caused by a suppression of immunity by cortisone. It has
become evident that cortisone or adrenocerticotrophin suppress the
formation of antibodies of the classic type without altenng their rate of
disappearance, Immune prinaiples, such as that of Landsteiner and
Chase and that of Kidd, are dependent for their p upon the
integrity of the lymphoid cells. Since the latter are actively destroyed
during the hyperadrenal state, 1t appears logical that adrenal cortical
hyperactivity should not only mterfere with the formation of such im-
mune principles but also aid in their actual destruction This could
represent a relevant factor mn the suppression by cortisone of certain
ty pes of hypersensitivity.
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Chapter 8

CONSTITUTIONAL FACTORS IN RESISTANCE
TO INFECTION, THE EFFECT OF CORTISONE
ON THE PATHOGENESIS OF TUBERCULOSIS*

By Max B. Lurte, Peter Zappasoor, Arrior M. DANNENBERG,
Jn.* anp Eveenia Carvona-Lencr, The Henry Phipps Instiute,
University of Pennsylvania, Philadelphia, Pa.

I N THE 5TUDY of the role of sex hormones in resistance to infection (1-2),
it was noted that tuberculosis in rabbits is accompanied by a marked
hypertrophy of the adrenal cortex. Furthermore, it has been observed
that the weight of the adrenals of the genehca]ly waost resistant race is
greater than that of a susceptible race followi bereul 1
Table 1. Therefore, investigations on the role of the adrenal cortex in
resisting the disease were undertaken, to determmne whether by m-
creasing adrenal function resi: can be i d and,

whether by lowenng this function the native resistance can be dimm-
ashed.

When genetically susceptible and resistant rabbits inhale a certain
number of virulent h type tubercle bacilli, an extensive pulmo-
nary tuberculosis results, as a rule, five months after infection mn the
former and not at all in the latter (3). If rabbits thus quantitatively
exposed are killed five weeks after infection, the number of primary
tubercles found in these two types of ammals is inversely proportional
to their genetic resistance; the greater the resistance, the fewer the prr-

mary pulmonary foci (4)

METHODS AND MATERIALS

When synthetic cortisone became available, the following experi-
ment was performed Twenty hitter mates of the genetically uniform
and highly susceptible stram, FC, were divided into two groups of ten
each. They were placed in a room at a constant temperature of
Stm et rme g Assoe

' 1s Associa-

tion.
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TabLe 1

WEiGHT OF ADRENALS 1N SusCEPTIBLE Race FC anp Resistavr Race 1T
Raserrs 32-37 Days AFTER THE SIMULTANEOUS INHALATION OF
VmuLest Humax Type Tusercre Bacrour, H37RY

DURATION OF W EICHT OF ADIENALS
INFECTION NUMBER OF TUBERCLES 1N Mc/100 gm
IN DAYS TABRIT NUMBER IN LUNCS OF OF BODY W EICHT
FC pis FC ut FG ut
82 FC2-9 11326 107 4 1 15
35 FC3=14 MI8=2 14 0 10 14
35 FC3=4 1I11-V37 23 0 14 34
35 FC3=13 1113-10 60 2 8 20
33 FC3=19 I12-1 19 2 20 19
35 FC2-29 I12-6 2 2 6 15
3537 FC3=12 II2-2 115 13 11 22
3337 FC3=33 127 79 1 10 34
3537 FC2-53 40 8
1 3-3 87 32 15 18
1113-24 131 7 12 19
3537 FC3=40 11340 63 5 11 18
Mean 62=12 63 111 21=2
CR=44 CR=45
P=0000 P = 0.000

21 % 2° C. Total and differential counts of therr blood cells and their
fasting blood sugar were determined. At the same time the spread of
India ink and of rabbit hemoglobin 1n the skin was measured four hours
after iny The infl ion at the site of njection of these sub-
stances in the skin was ascertained on the following day. Having ob-
tained these base lines, ten of the rabbits were given 2 mg of cortisone
acetate per kilo, intramuscularly, on alternate days. The ten control
hitter mates received the same amount of the suspending medium with-
out the cortisone and by the same route at the same time intervals Three
days after the beginmng of cortisone treatment, when the absolute num-
ber of circulating lymphocytes 1n the bleod of the evperimental animals
had been markedly depressed and when the fasting blood sugar of the
same anumals had ncreased by comparison with the essentially un-
changed levels of these 1tems in the control amimals, both groups were
sumultaneously exposed to inhalatton of known numbers of viable,
virulent, human-type tuberele bacilli, H37Rv, in the apparatus for ex-
perimental awrborne infection previously descnbed (5).
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After the control and experimental animals were infected, the corti-
sone and the suspending medium, respectively, were administered to
cach group at the same intervals and in the same amounts, as stated
above, throughout the course of the experiment. During this time the
absolute number of circulating lymphocytes of the blood, the fasting
blood sugar, the blood ascorbic acid, the development of tuberculin
sensitivity and antibodies against the tubercle bacillus, the spread of
India ink and rabbit hemoglobin in the skin, and the inflammation in-
duced by these agents in this tissue were measured.

As may be scen m Table 2, the absolute number of arculating
lymphocytes of the cortisone-treated animals diminished continuously
in statistically significant amounts in the course of treatment, while that
of the controls actually increased as compared with the base lnes, Like-
wise, the fasting blood sugar of the eperimental animals increased
under treatment, while in the controls this increment was much smaller.

Table 8 shows that the spread of India 1k, or hemoglobin, in the skin
was not definitely affected in exther the control or the experimental ani-
mals. However, the mflammation mduced by these agents in the skin

TasLe 2

Tue ErrscT or CorTisoN: ON ThHE CmeuLATING LynrHocyTes, oN Two
IntERVALS Forrowine TREATMENT

PERCENTAGE OF
PERCENTAGE ORIGINAL NUMBER
OF ORIGINAL NUA- OF LYMPHOCYTES IN

ORICINAL ABSOLUTE BER OF LYMPHOCYTES BLOOD AFTER 25 D11S
NUMBEROFLYM-  INBLOODAFTER$  OF TREATMENT AND 21
RABBIT NUMBER _ PHOCYTES, MA(®  DAYS OF TREATMENT  DAYS AFTER INFECTION

Non- Non- Non- Non-
treated Treated treatcd ~Treated treated — Treated  treated — Treated
cn E1l 4,200 2,940 107 35 7 16
ci2 E2 2,490 4470 202 O 175 23
Ci3 ES 2,180 3,920 103 44 147 33
cl4 E4 5,060 2,950 75 63 102 69
c15 ES 49% 3,360 86 49 9 35
cs  E6 4340 4320 89 &1 96 18
ci7 E7 4,020 4,030 133 82 85 32
c18  ES8 3,480 6,360 143 53 173 20
cla  E9 3420 5180 113 58 132 40
c20 EI0 10060 4810 66 52 67 25
Mean 4,418 4234 11212 54%4 15*I12 315

CR==486 CR=87
P=0000 P=0000
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TavLe 3

‘Trs Errecr or Conniso~e ox THE SPREAD OF Inpia Inx anp Raserr Heso-
GLOBIN IN THE SKIN AND ON THE INFLAMMATORY RESPONSE OF THE
Cosxeerive TiSUE 10 THESE SUBSTANCES

NUMBEROF |
FARRITS .

o . . \ N
ireat- Treat- treated Treated treated Treated treated Treated treated Treated
ed ed wm® mm mm* mm® ommwd mm? m? mm*
10 10 T4 24 667 735 586:=50201:X22 26638 11518
P=0000 P=0001

Taste 4
Tue Errect or CORTISONE ON THE DEVELOPMENT OF THE TUBRERCULIN
ReACTION 1¥ THE SKN AT DifrEreNt InTERVALS Fortowne rme
IxraLaTioN oF Humax Tyee Tupercre Bacumir

INFLAMMATION, INFLAMMATION, INFLAMMATION,
and 16-18 pavs Md 2L paxs e 25-27 pavs
RABBIT NUMBER _AFTER INFECTION AFTER INFECTION AFTER INFECTION

Non~ Non-~ Non- Non-
treoted Treated treated Treated  treated  Treated  treated  Treated

cir El 13 ¢ 288 o 391 4
Ciz E2 17 o 128 12 175 23
C13 E3 7 o 53¢ 26 668 14
Cl4 E4 16 o0 218 18 288 27
Cc15 ES5 93 0 152 [\ 315 a1
c18 E6 0 54 0 240 10
c17 E7 o 0 18 1) 68 14
Cc18 ES8 8 o 150 [ 878 i1
c1y E9 n [ 92 1 152 21
czo E10 o 0 15 0 83 ¢
Mean 78 0 16847 78 26949 162
P=0025 P =0001
was markedly reduced in the experi 1 animals as pared with

the control animals, the results bemg statisically sigmficant, Likewsse,
as may be seen from Table 4, tubercutin produced much more inflam-
matwn 1n the control rabbits than m the cortisone-treated rabbits. This
15 clearly because of the protective effect evercised by cortisone an the
capillanies against agents which increase their permeability, a5 was ob-
served by Menkin (6). Peptone, which releases Sbrinolysin i vitro,
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increases the permeability of the capillaries of normal rabbits to 2 much
greater extent than it does in cortisone-treated ammals. Moreover, pure
fibrinolysin, a substance released at sites of inflammation (7), causes
marked Jeakage from the vessels of normal rabbits and scarcely affects
cortisone-treated animals when njected into the skin. Furthermore, the
capillary fragility of cortisone-treated rabbits is much less than that of

d s, as was idicated by capillary hemorrhage induced
by applying uniform suction to the skin These observations indicate
that cortisone not only protects the capillary wall against chemical
agents which disrupt its integrity but also that the tensile strength of
the wall against the internal blood pressure is augmented by the hor-
mone.

The antibody production against the tubercle bacillus, as revealed by
the Middlebrook and Dubos hemagglutination test (8), was not con-
spicuously affected, although the titer m the expenmental animals was
slightly, though uniformly, lower than in the controls.

It was previously demonstrated by Gordon and Katsh {9) that star-
vation increases the phagocytic activity of macrophages by stimulating
the adrenal function In view of this finding, the following expernment
was deemed advisable. On the thirty-fourth and thirty-sinth days of in-
fection one half of the experimental and the control rabbits were given
an intravenous injection of 6 cc. per kilo of a 1:3 saline dilution of India
mk, and were killed by air embolism three hours later. Another group
of three cortisone-treated and three untreated rabbits were simifarly
wnjected and were killed two weeks after infection Their Jivers and
spleens were digested with concentrated KOH, and the weight of con-
tained carbon was determined. Histological sections of these organs
were also studied. Tt was found that the phagocytosis of carbon par
ticles and tubercle bactllt was markedly mereased in the cortisone-
treated animals (Figs 1-2). The rematmng rabbits were hilled thirty-
five or thirty-esght days after whalation of tuberele bacilli. Each cor-
tisone-treated rabbit was killed on the same day following infection as
was its control htter mate infected under rdentical conditions. All ani-
mals were starved for seventeen hours hefore they were killed The
glycogen present in the livers and the weights of the liver, spleen, adre-
nals, gonads, and pitustary of all conteol and experimental animals were

determuned.
It was found (Table 5) that the hwers of the cortisone-treated rab-
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Ficure 1. Tne Puacocytosis o CansoN 18 AN UNTREATED Rap-

BIT Two WEEks AFTER INmALATION INFECTION, Snowive In-
TACTNESS OF THE LymenocyTes i e Lyamrenr ForLicLes or
THE SPLEEN

FiGure 2

PuracocyTosis of CARBON BY THE MACROPHACES OF
THE SPLEEN 1IN A CORTISONE-TREATED ANDMAL INFECTED AT
THE Sase TiME as THE RaBeIT Swows 15 Fic 1, Smowive In-
TENSE Pracocyrosts oF Carsov BY A Basker-uixe NETwoRK
©OF THE MACROPHAGES AND ReTicunar Certs arousn THE For-
LICLES AND DisINTECRATION OF LyymProcyTes
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increases the permeability of the capillanes of normal rabbits to a much
greater extent than it does in cortisone-treated animals. Moreover, pure
fibrinolysin, a sut Jeased at sites of infi ion (7), causes
marked leakage from the vessels of normal rabbits and scarcely affects
cortisone-treated animals when injected into the skin. Furthermore, the
capillary fragility of cortisone-treated rabbuts is much less than that of
untreated controls, as was indicated by capillary hemorrhage induced
by applymg uniform suction to the skin These observations fndicate
that cortisone not only protects the capillary wall agamst chemical
agents which disrupt its integrity but also that the tenstle strength of
the wall against the internal blood pressure is augmented by the har-
mone.

The antibody production against the tubercle hacillus, as revealed by
the Middlebrook and Dubos hemagglutmation test (8), was not con-
sprevously affected, although the titer in the experumental ammals was
slightly, though umformly, lower than in the controls.

It was previously demonstrated by Gordon and Katsh (9) that star-
vation increases the phagocytic activity of macrophages by stimulating
the adrenal function In view of this finding, the followng experiment
was deemed advisable On the thirty-fourth and thirty-sixth days of in-
fection one half of the experimental and the control rabbits were given
an intravenous injection of 6 cc per kilo of 2 1.3 saline dilution of India
ink, and were killed by air embolism three hours later. Another group
of three cortisone-treated and three untreated rabbits were similarly
mijected and were killed two weeks after infection, Their livers and
spleens were digested with concentrated KOH, and the weight of con-
tained carbon was determined. Histological sections of these organs
were alsp studied. It was found that the phagocytosis of carbon par-
ticles and tubercle bacilli was markedly increased in the cortisone-
treated anmmals (Figs 1-2) The remaining rabbits were killed thirty-
five or thirty-eight days after ivhalation of tubercle bacilli. Each cor-
tisone-treated rabbit was killed on the same day following mfection as
was its control Jitter mate 1 under 1d 1 d1ti All ane-
mals were starved for sesentcen hours before they were killed The
glycogen present the hvers and the weights of the liver, spleen, adre-
nals, gonads, and pitwitary of all control and experimental animals were

determined
It was found {Table 5) that the livers of the cortisone-treated rab-
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TACTNESS OF THE LantenocyTes 1v tue Lyatenr Forrrcres oF
THE SPLEEN

Ficure 2 PHAGOCYTOSIS OF CARBON BY THE MACROPHAGES OF
THE SPLEEN IN A CORTISONE-TREATED ANIMAL INFECTED AT
THE SaME Tne As THE Rapeir Suwowx ix Fic 1, Suowrse Ix-
TENSE PHAGOCYTOSIS OF CamBOV BY A BaskEr-LIKE NETWORK
OF THE MACROPHAGES AND ReTicuran Ceris anouxp e For-
LICLES AND DISINTEGRATION OF LxMPHOCYTES
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TanLe 5

THe WEIGHT OF Ogcans 0F CoRTisoNe-TREATED AND Coxtron Lirres
MATES OF THE FC FariLy 84-38 DaYs FOLLOWING QUANTITATIVE
InvALATION oF Human Tyee Tupercre Bacrons

NUMBER OF BODY WEIGHT LIVER SPLEEN
RABBITS 234 631/100 6: 26/100 ear
Control Treated  Control Treated Control Treated Control  Treated
10 10 302¢ 2858 2009 48*029 53%3 31x2
P=0000 P=0000
ADRENALS THYROID TESTES PITUITARY
16/100 oM 26/100 631 21¢/100 oM MG/100 eat
Six Seven

Control  Treated

Control Treated  Control Treated Rabbits Rabbits Control  Treated
1281 6606 47x013 42005 148%G 714=86 08%006 07005

P=0000 P=0000 P=0.000 =0120
bits were twice as heavy as those of the controls This was because of
excessive deposits of glycogen and fat in the markedly enlarged liver
cells of the experimental animals, ob ly resulting from the physio-
logical effects of the cortisone. The spleens of the cortisone rabbits were
markedly reduced n weight, as a result of the lympholytic effect of
cortisone, demonstrable even two weeks after infection (Figs. 1-2).
The adrenals were markedly atrophied in the evperimental animals,
cleasly because of the hugh Jevel of cortisone in their blood. There was
also marked atrophy of the male gonads, though the ovasies were not
affected. The thyroids of the experimental rabbits were uniformly,
though only moderately, reduced in weight. It is clear from these re-
sults that the experimental animals were under the intense physiological
effects of cortisone.

The number and size of the tubercles develaped 1n the Jungs of the
control and expenmental rabbits were accurately determined and are
listed in Table 6 It will be noted that the number of tubercles found
m the cortisone rabbits was uniformly greater than in the controls On
the average, three to four times as many tubercles resulted from the
inhalation of human tubercle bacilli 1n cort treated rabbits as from
the inhalation of the same numbers of bacill: by untreated litter mates
of the same inbred strain and the same genetic resistance to the infec-
tion (Fig. 8). This difference 1s statistically sigmificant.

However, the size of the individual tubercles in the lung was uni-
formly and markedly smaller in the cortisone-treated animals. Further-
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TamLe G

Tne EFFect of CORTISONE oX THE RATIO BETWEEN TuE NuMBER oF Hudav
Type TusescLE Baciiil INHALED AYD THE NUMBER oF PuLyoNary Tu-
BERCLES GENERATED 1¥ FC Rasarrs 34 1o 38 DAYs AFTER INFECTION

NUMBER OF VIABLE

NUMBER OF S1ZE OF BACILLE YIFLD-
RABBIT NUMBER TUBERCLES TUBERCLES MM ING ONE TUBERCLE

Control Cortisone  Control Cortisone Control Cortisone  Control Cortisone

FC2-46 FC2=1 53 159 G 2 81 ag
FC247 FG249 63 142 5 2 95 40
FC3=18 FC3=24 201 241 5 3 30 21
FC250 FC2-51 72 275 5 3 9 24
FC3=29 FC8=30 82 13 5 1 236 51
7 47 6 3 105 38

8 71 Lage Small 265 05

36 86 5 Small 41 38

FC3=96 FCa=% & 43 6 2 160 34
FC2-58 FC2-55 11 40 7 1 98 36

Mean 120 %22 3529
P=0002

more, the spread of the disease to the draining tracheobronchial lymph
nodes (Table 7) and to the internal organs was markedly smaller i
the experimental rabbats.

It was also found mn these experiments and m others not detailed
here that imtially, notwith ding the d d greater in vivo
phagocytic capacity afforded the reticulo-endothelial cells by cortisone,
the number of inhaled bacilh arrested in the lung of the expenmental
rabbits was no greater than that retamed by the controls. Two weeks
after infection the bacill: were more numerous in the lungs of the corti-
sone rabbits, as was observed both histologically and by culture (Figs.

TasLE 7
NuaBER oF TUBERCLE BaciLLr CULTURED FROM 2 MG OF LUNG AND FROM
Drarvive TRACHEOBRONCHIAL NODES OF CONTROL axp CORTISONE-
TrEATED RasBrrs Two WEEKS AFTER Styurravgous INma-
1ATION OF Hunax TyPE TUBERCLE Baciiir

TRACHEOBRONCHIAL
RABBIT NUMBER LNGs NODES
Control E ! Control Exg Control
Ca5=9 103 877 a1 20
Ca5=20 191 360 30 9
Ca5=19 Ca 547 224 303 68 0.7



92 FACTORS IN RESISTANCE TO INFECTION

4-5). However, in the draining tracheobronchial lymph nodes of the
controls they greatly outoumbered those of the experimental animals.
Five weeks after exposure the pulmonary lesions in"the cértisone rab-
buts were sharply demarcated foci of cascous preumonia with intra-

o

EL

¢
:’:\\'

Froune 3. Tue Luncs oF Covraon Raprt FC 246 axp oOF
CorTiSONE-TREATED Rammrr FC 2=1, Borw or Wimecu Id-
naLEp Four 1o $ix Trousanp Husran-TypE TUBERCLE BACILLL
H37Rv
Both were Milled thirty-four days following infection In the control
rabbit (FC 2-46) 81 mhaled bacillhi generated a pulmonary focus,
while 1n the experimental rabbit (FC 2 = 1) 89 tubercle baedl suf-
ficed to gencrate a pulmonary tubercle The average diameter of the
tubercles was 6 and 2 mm, respectively Note consohdation of the
lung tissue around the caseous centers m the normal animal and ab-
sence of penfocal inflammation about the whter caseous sites in the
cortisone-treated ammal. Both lungs were blackened by simultane-
ous intravenous mjection of India mh,

alveolar plugs of partially caseated cells swarming with mordinate
pumbess of bacill (Figs. 6-8). There was httle interstitial or perifocal
inflammation. These caseous plugs were fargely out of contact with the
circulation. The lesions in the controls were tuberculous granulomas,
with well-advanced, discrete caseous centers and moderate numbers of
bacill surrounded by widely spreadmg zones of infiltrating perifocal
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PARTIALLY CASEATED PNEUMONIC PLUCS IN THE ALVEOLY AND
Lrrrie INFLAMMATION IN THE ALVEOLAR SEPTA ABOUT THEM

oy age

o

mi
Froure 7. TE LEsiov 1IN THE Lusc oF AN UNTRCATED Ranoir
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Froume § Inomoeate Ace
CUMULATION ©F Humax
Tyee Tourercre Bacrrr
W mE Pantianny Case-
ATED ALVEOLAR PLucs oF
e CORTISONE-TREATED
Raswrr

infl ted by h pifaries {Fig. 6} Hence,
though the baoll in the pulmonary Iesxons of the untreated animals
were by far fewer than i the experimental rabbits, snvasion of the
blend 3nd Tymph by the baclli ocewrred in the foymes, but not in the
Tat
LR - St e dha g
types of ammals may B¢ Gines.. S
tection afforded the capillaries by cortisone against agents, paos 2t
n tuberculous lesions, which increase capillary pesmeability. Thys ex-
pl'.\ms wot puly § the suppression of the penfocal infammation about the
~—ine with tubercle baeilli in the cortisone-
T f 7 e reaction

in these ravuwa v . ty of the
capillary walls to agents which increase permeco * rinal state
and the i fieation of the tubercubn reactien and the
development of an intetse penfocal jod about the

Iated masses of bocillt in the Jungs which resulted from the previous
honmone treatment This leads to massive pulmonary tuberculosis, with
liquefaction, yupture into the bronchi, hematogenous disseminabon,
and death of naturally susceptible zabbits and to progressive disease
with cavity formation i paturally resistant rabbits (Figs. 9-10). At the
same time the lesions in the simul ly infected d rabbits
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regress rapidly in the susceptible rabbits or heal completely in the re-
sistant anjmals.

No evidence has thus far been obtained to indicate that the inordi-
nate accumulation of the tubercle bacilli in the cells of the cortisone-
treated rabbits may be accounted for by the hormone’s stimulating
effect on the growth of the bacilli Cortisone, in the concentration pres-

« @

Frcure 9. Tie Luncs oF A Nativery SusceerisLe Raperr (Ca
5-23), AN Untreatep CoNTROL, AND 4  CORTISONL-TREATED
Rassir (Ca 4-7)

October 12, 1930 both ammals inhaled an estimated 26,000 and

18,000 tubercle bacilh respectively Ca 4-7 was under cortisone

treatment from October 8, 1930, to November 22, 1950 It died

thirty-four days after withdrawal of the hormone, of massive caseous

preumoniz, hquefaction, rupture nto the bronch, and hematoge-

nous dissemmnation Ca 5-23 was hilled one day later The lungs show
bercles with evid of heahng

8
ent in the body of the expermental animals, does not enhance the
growth of tubercle bacillt 1n vitro. The extracclular multiplication of
the bacilli n vivo was markedly suppressed when bacillt within collo-
dion-coated silk bags were placed into the penttoneal cavity of hormane-
treated rabbits. That cortisone fund: ally affects the physiology of
macrophages 15 evident from the enhanced phagocytic capacity af-
forded them by the hormone; yet the digestive capacity of these cells
for tubercle bacilli s markedly depressed

Summar_r/.—Cam‘mne affects the essential mechanisms involved in
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the pat} is of tuberculosis. It the Tation of tu-
bercle bacilli within the macrophages, despite their enhanced phago-
cytic activity. It suppresses nonspecific and allergse inflammation, pos-
sibly as a result of the protective effect exerted by the hormoae agamst
many agents which jncrease capilary p bility. This antiphlogisti

influence, by suppressing the ingrow th of capillaries into the tabercles

and thus § pting the bridge bety the focus and the rest of the
boty, may be responnible for partial isolation of the lesion and for s

o zed

Frourg 10, Tue Lunes or Gevencarry Resisrant Ramere HIFIH
138, an Uxyneatep Coxtron, Anp INFH 16, A Contsone-
TREATED RaBrrr
February 21, 1851 both inhaled 2,800 and 8,100 human type tuber-
cle bacdh, H3TRy, respechvely, INFI 1-6 was under cortisone
treatment from February 12, 1951, ta April 20, 1852 The rablut was
alled 28 days after withdrawal of the hormone Two large thik
walled cavities were found in the nght lung, one of which can be
scer m the photograph. HIFIH 1-36 was killed on May 21, 1951
A shpht regressive residual tubercle was found m the lower lobe of
the left lung

Tre Lunes of tre Cengmicsrny Resistany Raszerrs 101 HIC
1.5, ax Unrnearen Contro, Axo IH IHG 14, a Cowtisone-
TrEATED Ranarr February 21, 1951, both inhaled about 2,400 and
4,300 human type tubercle bacall, HOTAv 1 11IC 1-4 was under
corbsone treatment from February 12, 1951, to Apnl 20, 1952, It
was killed May 21, 1851 There was estenssve tuberculosss in both
lungs IHE THC 1.5, Julled on the same day, showed a few minute
zegressing, tubercles 1 the lungs.
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b y and partial localization at the portal of entry. The reduced

P
capillary permeability and the lympholytic effect of the hormone may
also be instrumental in retarding the development of the caseous proc-
ess and diminishing the antibody production which is characteristic of
the cortisone-treated animals. Studies directed ta elucidate the effect of
cortisone on the i Hular ground sub on cellular permeabil-
ity, and on the enzyme functions of the phagocytes are in progress. Be-
side these specific effects of pharmacologic doses of cortisone on the
disease, the hormone produces fundamental changes in the entire econ-
omy of the body. Among them are the marked atrophy of the fascicular
and reticular zones of the adrenal, the great enlargement of the hver
cells by excessive storage of glycogen and fat, and the atrophy of the
spleen, thyroid, and male gonads. How each of these conspicuous meta-
bolic effects mfluence the pathogenesis of the disease remains to be de-
termned.

Thus, in tuberculosis cortisone acts like a double-edged sword. The
very suppression of the inflammation, while it tends to isolate the infec-
tion from the rest of the body, nevertheless permuts the lecal multipli-
cation of the bacteria. For the phagocytes and the humoral agents con-
cerned with combating the infection arrive tardily and in low concen-
tration. Furthermore, there is general agreement, including observa-
tions presented in this symposium, that cortisone administered during
the course of immunization (10~11) tends to lower antibody produc-
tion, which would also militate against the mfected host. Again, while
there 1s ample evidence that increased adrenal function and cortisone
shmulate phagocytosis of particulate matter and bacteria (12), the di-
gestive capacity of the cells for the ingested microorganisms js mark-
edly reduced, whether they be tuberele bacilly, pneumococei (13},
streptococci {14), or even red blood cells (15) Hence the bacteria can
accumalate n the tissues in the absence of symptoms of fever and
tovemia which are supp d by the h {16) H , it is
possible that physiologic rather than phar logie doses of these and
other ad tical and hypophyseal hormones may actually enhance
the defense mechanisms agamnst infection; but this remains to be deter-

mumed
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Chapter 9

STUDIES ON THE MECHANISM OF ACTION
OF CORTISONE IN EXPERIMENTAL SYPHILIS !

By Trostas B. Tunner aNp Davip H. Hovranpes, Department
of Microbiology, The Johns Hopkins University School of Hygiene
and Public Health

r_l—;xsns s ABUNDANT EVIPENCE indicating that profound changes are
initiated 1 the human and animal hosts by an abnormal amount of
adrenal cortical hormone, supplied erther directly m the form of cort-
sone or compound F or indirectly by stimulating the adrenal cortex
by other hormonal substances, such as adrenocorticotrophic hormone
(ACTH) That these agents brng about significant alteration in the
response of a host to infections agents is becoming increasingly clear,
but the mechamsms hy which these effects are induced are still obscure.
As a biological system for the study of some of these effects experi-
mental syphibs offers certain attiactis e features, for the evolution of the
disease proceeds step-wise in an orderly fashion; discrete syphilitic
lestons of considerable uniformity can be produced in the skin, where
they can be readily observed, some of the important factors influencing
the evolution of these lesions are known; and the infection can be ter-
minated within a period of hours by p Ihn without i duatel,
altenng the tissue resp bstantially. The following paper, which
1s an extension of a prehmnary report (1), is concerned primanly with
d of the basic } of action of cortisone i this
ecperimental mfection,

THE USUAL COURSE OF EXPERIMENTAL SYPHILIS

‘The incubation penod of syphihitic Jesions following mtradermal m-
oculation 15 Yargely a function of the number of Treponema pallidum
injected. Under optimum conditions 1t 1s approximately ten to twenty
days when five hundred organisms are moculated into each site, and 1t

+ Arded by grants from the National fustitutes of Health, Dethesda, Maryland,
and the Whtchall Foundatien, New York
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varies from about thirty days with a small inoculum to three to four days
when the inoculum contams in the order of five million treponemes.
Experimental evidence indicates that for each ten-fold decrease m the
number of trep the incul period is prolonged by about
four days (2-4). The multiplication of treponemes at the site of inocu-
lation seems to proceed logarithmically after the first twenty-four or
forty-eight hours, so that a diviston time of approximately thirty hours
can be deduced Substantial vanations of the incubation periods from
the theoretical values rarely occur. One of the principle causes of varia-
tion, excluding counting difficulties, is probably temperature, summer
temperatures, for example, being known to have a defimte suppressing
effect on the development of lesions In the present experiments ani-
mals were kept in air-conditioned rooms at a temperature of approu-
mately 20°C (68°F) or somewhat lower.

A group of rabbits m a uniform environment will respond to a given
inoculum in a remarkably umform manner. One-tenth ml of material is
customanly inoculated intradermally into each of four, si, or eight
sites on the chipped back of the rabbit, With few exceptions, rabbits
moculated with the same batch of matenal develop a characteristic
pattern of tiny lesions within twenty-four hours of each other, and al-
most without exception the lesions i the same amimal appear simulta-
neously and go through successive stages of evolution together. Testi-
cular lesions mduced by direct moculation follow essentially the same
pattern, although the incubation perods are usually somewhat longer,
at least partly because the early reaction cannot be visuahzed, but must
be recognized by palpation

Once cutaneous papules have developed at the sites of inoculation
they mcrease rapidly in size and reach a mauumum in about a week At
this stage the lesion has a charactenistic appearance. bemng elevated,
with a flat surface and a sharply circumseribed circular base, which
often measures 10-15 mm 1 diameter The lesions are dusky red and
are invanably firm or hard in consistency In fived and stamed prepara-
tons the lesions show a charactenstic mononuclear mfiltration which
typically tends to have a penvaseular distribution In addition there is
usually an accumulation of a mucinous matenial, which does not stan
with hematoxylm or eosm This substance has been tentatively 1den-
tified as hyaluronic actd by Scott and Dammun (5), and onr findings
support this conclusion
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‘When the well-developed syphiloma is jncised, fluid material is
exuded frecly from the cut surface. The fluid may be shghtly stringy
because of the presence of a small or moderate amount of the mucoid
material. This fluid contains actively motie T. pallidum in abundance,
and a rough approximation of the relative numbers of treponemes in the
lesion can be made by the use of appropriate counting techniques {6}
About 005 ml. of fuid is collected on a coverslip, and the count is ex-
pressed as the number of treponemes present per 100 oil-immersion
fields, the counts being made on the same darhfield microscope or one
with approximately the same calibration, Ordinarily counts are made on
two lesions of the same anfmal, and the two counts are expressed asa
mean value. While this method of counting is obviously far from pre-
cise, it yields reasonably repeatable results.

Within a week after the syphiloma has reached its maximum size,
the surface of the leston undergoes necrosis (Fig. 1), and eventually
the entire leston may be covered with an adherent scab Thereafter
resolution takes place, the lesions often disappear within another tvo
weeks, although at tunes the healing period is protracted. There is a
relationship m the time of the healing process to the time of the devel-
opment of to chall tnoculation aund the nse in titer of
mmmobilizing antibody (7).

Generahzed Jesions of the skin and bones occasionally occur, but they
seem to be less frequent following intracutaneaus than intratesticular
inoculation, and much less common than after intravenous moculation
8)

Within two months after the appearance of symptoms the animal
usually has no recognizable syphiiitic fesions. The lymph nodes, how-
ever, remain mfectious for normal rabbits, although treponemes are not
suffictently numerous to be seen on darkfield examination.?

The foregoing brief sketch of the evolution of experimental syphilis
in the rabbat 15 based on the observation of a good many hundreds of
ammals and provides a background of expertence for the evaluation of
both the test and control amimals used 1n the present experiments

The cffect of cortisone on the evolution of experimental syphilis.—

147ith the ordinary darkfield orlma « materil

cen e
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Cortisone* was given In the form of a saline suspension of cortisone
acetate {Cortone-Merck), the usual dose being 3.0 mg per Klogram
body weight of the animal, administered intrameseularly twice daily,
commonly at about 9 A and 5:30 rar In some experiments smaller
doses were given or administration was limited to once daily. The dura-
tion of treatment varied from five days in some experiments to more
than sixty days in others.

Frevre 1. Baox Lrstoxs or Raserr 3166 (Exe. 77E, Grove D)
Each site inoculated with 30,000 T, pallidum on 11°24 50 Typicat
pattern appeared on 9th day, ulceration first noted on 24th da,
phatographed on 26th day Height of numerals approwmatel
44 mm,

‘The Nichols strain of F. pallidum was used throughont, and animals
were usually observed daily. In most experiments the lesions were
measured, drawn, and photovmphed at intervals. Altogether 143 rab-
bits are included in the ey p ’bere,ofﬂ'hxch 91 had
been gnen cortisone at one time or another, and 52 served as controls.

Effect on well developed syphilomar—~In the initial experiment
(Exp. 77A) six rabbits were moculated intradermally at each of four

* Most of the cortisone used mr these expenunents was supphed without cost by
Merck and Gompany.
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sites with 500 T, pallidum. On the twenty-fifth day after inoculation,
when the lesions in all animals were approaching their maximum size,
three animals were given cortisone, three mg per kilogram intramus-
cularly twice daily for a total of ten doses, and three animals were kept
as untreated controls.

The lesions in the contro] animals evolved n the expected manner
(Fig. 1), becoming somewhat larger, then ulcerating, and within one
week following the inoculations beginning to involute.

The lesions in the cortisone-treated animals behaved quite differ-
ently. Beginning with the second day of cortisone administration, they
became globoid in configuration, pale in color, and soft and spongy,
with a sharply circumscribed base (Fig 2).

On the day of the last cortisone mjection counts of treponeme were
made in one lesion i the treated and control rabbits, The results of
these counts are shown in Table 1.

TrEpONEME COUNTS ON SYPHILOVIAS OF CORTISONE-TREATED AND
CovtroL Rabprrs

DARKFIELD TREPONEME COUNTS
NUMBER PER 100 OIL-IA(MERSION FIELDS

GROUP  MABBIT NUMBER TOST-TREATMENT DAY
Fifih Scvonths Tonth
29-63 3,000 2,960 2,300
Cortisone 29-66 1,500 1,002 680
treated®  29-67 750 406 1,650
29-62 116 27 7
Controls 29-64 140 89 156
20-65 224 35 3

a Inoculated with 500 T palltdum n Each of Four Sites, cortisone 3 mgm/hg
twrce daly for 10 doscs started 25th day after inoculation

It is evident that there is a striking diffcrence between the number of
T pallidum m the cortisone-treated animals and the controls By the
time the first counts were made, that 1s, five days after beginmng the
cortisone mjections, the lesions m the control animals had begun to sub-
side and the counts obtaned on those lestons were as had been expected
from previous evperience On the other hand, the counts in one of the
cortisone-treated animals were much higher than had ever been en-
countered * Actually the figures given for these counts arc probably too

4 For other comparatise data sec Relerence B8, note that counts in that paper are
expressed m numbers per 200 fields
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low, for the treponemes were swarming over the entrre field, rendering
accurate counts impossible.

Two days after cessation of cortisone treatment it was noted that the
lesions in the treated animals had begun to increase m size, and within
another twenty-four hours they had become enlarged to enormous pro-
portions, were tense, eryth and showed derable new in-

Ficure 2 Back Lesions oF Raesrr 3133 (Exe 77E, Grour A)
Inoculated as was rabbat 8166 Typical pattern appeared on 9th day,
cortisone 3 mgm/hg twice daily given for 2 weeks, begmming 12th
day, photographed at time of last treatment on 26th day Note large
globoid appearance and absence of ulceration

£ltration spreading out from the base of the lesion We have designated
this the “rebound ” Counts at this time and agam three days later were
still hugh (Table 1) After one to two weeks the lesions, too, began to
subside slowly

It was mentioned mn the precedmg section that for a few days at the
heght of therr evolution syplulomas frequently contam small or mod-
erate amounts of a mucmous matenal In this experiment the lesions
in the control ammals had passed the pomt at which this materal 1s
usually present to any consilerable extent In stnking contrast, how-
ever, the lesions of the cortisone-treated rabbats appeared to be filled
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with this gelatinous-like materral, so that it oozed from the cut surface
in greater abundance than has ever been observed by us except in
cortisone-treated rabbits.

This experiment has been repeated, with some varmtion, in sidty ad-
ditional animals, forty-two cortisone-treated, and eighteen controls,
with essentially the same results.

Effect of cortisone during incubation period.~Nine rabbits were
inoculated intradermally with 1,000,000 7. pallidum at each of six sites
on the clipped back (Exp. 77C). In three rabbits cortisone, 3 mg per
kilogram twice daily, was begun twenty-four hours prior to inoculation
and continued for six days or until within approximately twenty-four
hours of the expected time of appearance of lesions in the untreated
animals,

In another group of three rabbits in this series cortisone in the same
dosage was started approximately twenty-four to forty-eight hours be-
fore lesions developed in the controls, and was contimued for five days.
In this experiment the incubation period of the lesions in the untreated
controls was five days in one and six days 1n two, as was expected with
this size inoculum.

In the group recerving cortisone before and during most of the incu-
bation petiod, lesions appeared on the sixth day, approximately as in
the controls, but they progressed more slowly and resembled those
previously observed under cortisone therapy. These changes were only
temporary, however, for within a few days the lesions took on the char-
acteristics of those in the untreated controls,

In the group of three rabbits m which cortisone was started twenty-
four to forty-eight hours before the expected appearance of lesions, the
incubation period was essentially unmodified, being six days in two, and
seven days in one. In each ammal the evolution of the lesions was at a
considerably slower pace than 1 the controls, and by the end of the
cousse of cortisone therapy (an the nimth day) the difference was

marked, the lesions being much smaller than in the controls and pre-
senting the characteristic appearance of thase 1 rabts treated with
cartisone Withm two to three days after cortisone was discontinued
the typreal “rebound” phenomenon was noted

Effect on subsiding lesions —In four rabbits cortisone 3 mg/kg was
given when lesions had been present for twenty-four days and were
stll active, but were apparently beginning to subside. In each 2 typical
cortisone effect, followed by a rebound, was noted.
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In another group of five rabbits cortisone 3 0 mg/kg was given once

daily for five days, beginning approvimately fifty to sixty days after

syphil had first appeared, when the healing stage was

well advanced. No modification in the size or character of the lesions
were noted either during or subsequent to cortisone therapy.

These results suggest that once the immune mechanism has come
fully into play, reactivation of lesions is not readily accomplished by
short courses of cortisone The experiments, however, are inadequate to
show conclusively that a latent syphilitic infechion cannot be reacti-
vated by cortisone,

Effect of long-continued cortisone therapy —In a group of fourteen
rabbits (Exp. 77D) inoculated with 500 T. pall:dum at each of six sites,
seven animals were treated with cortisone 3 mg/kg once daily for
twenty-eight doses, beginning within two days after lesions appeared,
and seven animals were maintained as controls All the treated animals
developed typical globoid, soft, pale lesions (Fig. 2), which differed
stnkingly from those in the controls (Fig. 1). Most of the treated ani-
mals lost weight, but whether this was due to the direct effects of the
cortisane, to the syphﬂxlic infection, or to intercurrent infection was not
definitely ascertained,

Upon withdrawal of cortisone all of the six surniving animals exhib-
ited the rebound phenomenon, and five developed generalized lesions
of the skin, one of them to an extent never previously observed. Only
two of the seven control animals developed generalized syphilitic pap-
ules and these only sparsely. Three of the treated ammals developed

which were ot ly litic

White blood-cell counts and blood-serological les!s were made at in-
tervals on the animals in this experiment, the results will be discussed
later.

In a similar expeniment (Exp. 77E) five groups of eight rabbits each
were inoculated intracutaneously with 50,000 T pallidum m each of
six sites on the clipped back Lesions appeared in all about the tenth
day. Beginning on the thirteenth day after inoculation, the animals
were treated with cortisone, as follows-

Group A—3mg/kg twice daily for 2 weeks, Group B—3 mg/kg
twice daily for 4 weeks, Group C—1 mg/kg once daily for 2 weeks,
Group D—1 mg/kg once datly for 4 weeks, and Group E (controls }—
no cortisone

At mtervals the lestons of one ammal from each group were excised
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for histological study. White-blood counts were made, and blood was
taken for serological tests on surviving animals at fortnightly intervals.

Consideration for the moment will be limited to the “large-dose”
groups and the controls (Group A, B, and E). Within two to four days
after the first injection of cortisone all treated animals developed le-
sions of characteristic configuration and appearance and were in strik-
ing contrast to those which had received no cortisone.

In Group A all eight animals survived the two-week treatment pe-
riod, lesions from two being taken on the Jast day of treatment Of the
remaining six, all developed typical and rather violent rebound reac-
tions, five within three to seven days after the last treatment, but one
not until twenty-one days after the final treatment. In the Iatter animal
there may have been a depot of cortisone which was not entirely de-
pleted for several weeks.

The rebound followed the usual pattern insofar as the cutaneous
syphilomas were concerned. The lesions enlarged rapidly, became
much more indurated, and often satellite papules appeared in the
clipped area. In addition several animals developed extensive cuta-
neous and subentaneous abscesses, in which organisms of the Pasteu-
rella group appeared to be playing the principal etiological role. Two
ammals died during this period, presumably of Pasteurclla infection,
and there was hittle doubt that the cortisone had likewise substantially
altered the host-parasite relationship to the disadvantage of the host
with regard to this group of organisms, as well as to the induced syphi-
Iitic infection.

Lesions from one anmmal of this group were excised on the seventh
post-treatment day, in the three surviving animals the syphilitic lesions,
after going through the ck 1stic rebound, began to retrogress tsvo
to three weehs after the last treatment.

Among Group B animals, those which received cortisone over a four-
week period, one dred early 1n the course of treatment, but the other
seven developed syphilitic lesions of the type charactenstically ob-
served with cortisone therapy, globoid, pale, soft, and sharply delin-
eated as compared with the rather flat, hard, broad-based lesions so
charactenstically seen 1o the controls

Durmg the third and fourth weeks of cortisone therapy the response
of the animals varied considerably, but i most an apparent “escape”
from the cffects of cortisone was noted in that either the rebound began




EXPERIMENTAL SYPHILIS 109

or healing began while the animal was still under therapy. Of the seven
rabbits in this group, one died after nineteen days of cortisone therapy,
whea the lesions wese beginning to revert to the “control” type, and
another, which had shown typical cortisone type lesions throughout,
was sacrificed for tustological study on the last day of therapy. In two
animals healing began during the last twe weeks of treatment without
an obvious rebound; in three animals a rebound began during the Jast
two weeks of treatment which resulted in the development of enormous
lesions, with extensive generalized lesions in one.

It should be noted that this “escape” phenomenon was not ghserved
in the animals of Group A, which received treatment for fourteen days.
It would seem from this experiment that upon prolonged cortisone
therapy a degree of tolerance to the drug may deselop.

The effect of smaller doses of cortisone.—in one of the earhier experi-
ments three rabbits with w ell-developed dermal syphilomas were given
cortisone twice daily in doses of 1.5 mg per kilogsam instead of 3.0
mg/kg, With this smaller dose essentially the same changes were noted
as with the larger dose

Included in the expermment (TTE) of the preceding section was one
group of rabbits (Group €) which was given 1.0 mg per Mlogram ence
daily for two weeks and a group (Group D) which was given the same
dose for four weeks In ather words, Groups C and D recen ed one-sixth
the dose of Groups A and B, respectively.

Of the sixteen rabbits in the two groups, all developed lesions which
were fairly charactersstic of those obsened with farger doses of corti-
sane. Dunng the second week of cortisone therapy the lesions m many
animals began to “escape,” as 1t were, from the influence of cortisone
and became more indurated Among the animals m which cortisone was
discontinued after fourteen days of therapy, lesions were taken from
(me on the fourteenth dav. The remaining seven developed a fairly

istic rebound ph the lesions rapidly in
size and becoming mdumted and rather flat in configuration, as were
those of the controls.

Amang the animals in Group D, in which daily treatment was con-
tinued for twenty-eight days, lesions from ane were e«:lsed (ux histolog-
1caf study at the end of the ining seven developed dur-
mg therapy a type of lesion showing characteristics that partook of
those in both the control animals zmd n animals recejving larger doses
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of cortisone. These lesions werse large, of rubbery consistence, and very
rich in spirochetes

Effect on testicular lesions—T. pallidum inoculated into the rabbit’s
testis invokes after an approprate incubation period the development
of an orchitis characterized by enlargement, and induration. Cortisone
induced essentially the same changes in these lesions as was noted in
the cutaneous syphilomas, and the testes were filled with mucoid mate-
rial containing enormous numbers of spirochetes. It has been shown in
this laboratory that cortisone-treated animafs afford a rich source of
T. pallidum for the treponemal immobilization test; these indings hav-
ing been confirmed by DeLamater, Saurino, and Urbach (9).

Nature of the mucoid material—The occurrence of metachromatic
staining material i experimentally induced syphilomas in rabbits has
been previously noted by Scott and Dammin (5), as well as by earlier
workers. In our animals treated with cortisone this material accumu-
lated in great abundance and was of a stringy and tenacious mucoid
consistency, Exposure of this matenal, either in vivo or in vitro, to hya-
luronidase prepared from bull’s testes, resulted in its prompt trans-
formation to a thin, fluid ! Motile treg were still
abundant in this material.

In formalin fixed-tissue sections the mucoid material is stained purple
by toluidene blue, but if the section is first treated with bull testis
hyaluronidase the metachromatic staining property is completely elim-
inated and the mucoid areas remain unstamed.

Using the methods of Pearce and Watson (10), our associate Dr.
Frederick Rice has analyzed cortisone-treated and nontreated syphi-
lomas for hyaluronic acid and chondroitin sulfate. From the lesions of
the cortisone-treated animals a large amount was recovered as hyalu-
ronic acid, and very httle as chondroitm sulfate, while from the non-
treated lesions very little hyaluromic acid, but a large amount of the
chondrotin sulfate fraction, was ol d Clinical d i for
glucosamine, nitrogen, sulfate, and water gave values which were con-
sistent with the values reported for hyaluronic acid and chondroitin
sulfate (11-18) The hyaluronic acad fraction from syplulomas analysed
as follows: hexosamine 28.4 percent, sulfate 00 percent, mtrogen 83
percent. Values for the chondroitin sulfate fraction were. hexosamine
255 percent, sulfate 125 percent and nitrogen 1.48 percent.

An attempt was made to d q ively the hyaluronic acid
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and chondroitin sulfate content in a series of lesions from treated and

t d animals. H 5 app: Jy the available methods are not
sufficiently sensitive to provide reliable comparatve data

The foregoing histolozic, enzymatic, and chemical evidence indicates
that the mucoid matenal is hyalusonic acid and suggests that & prom-
inent component of the untreated syphiloma 15 2 chondrostin-like ma-
tenal, One §s led to speculate concerning the source of this sbundant
hyaluronic acid, Beyond question sts formation in such large amounts
results directly or indwectly from the ot T polldum Whether
the material stems directly from the treponemes jtself or is 2 product of
the tissue reaction wmvoked by the trep has not been conclusively
determimed, but it seems Jikely that the former supposition is correct, It
is further suggested that the md d ch of the vsual syphul
as well as the rebound lesions, may be due to the conversion of the
treponemal hyalurenic acid to a sulfated malecule of the nature of
chondrostin sulfate.

Histopathological changes induced by cortisone~Early in the evolu-
tion of cutanecus syphilomas the lesions are characterized by the accu-
mulation of an intracellular mucoid matenal whach has been identified
a5 hyalurenic acd, and a merhed infiltration of mononuclear cells with
2 typreal perivascular distnbution (Fig 3) As the evolution of the
lestous proceeds, phagocytic cells and Sbroblasts appear. When uleers-
tion supervenes there 15 extensn e nonsperific necyoss, with large pum-
bers of polymorphonuelear cells

Fiovne 8 Lesiox rrost Basemr 3192 {Exy 77E, Grove D)
Inoculated as was vabbit 3166 Typresl pattern eppeatect on Oth day;
n0 cortisone guen, section taken on 26th day at the early stage of
wiceration. Note darkly staming ateas of cefinlar infiltrate a5 well as
unstamed areas of mucoid matensl (Hematoryls and eosin).
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of cortisone. These lesions were large, of rubbery consistence, and very
rich in spirochetes.

Effect on testicular lesions~T. pallidum inoculated into the rabbit’s
testis invokes after an appropriate incubation period the deselopment
of an orchitis characterized by enlargement, and induration. Cortisone
induced essentially the same changes in these lesions as was noted in
the cutancous syphilomas, and the testes were filled with mucoid mate-
rial ining enormous bers of spirochetes. It has been shown in
this lab y that corti: treated animals afford a rich source of
T. pallidum for the treponemal immobilization test; these findings hav-
ing been confirmed by DeLamater, Saurino, and Urbach (9).

Nature of the mucoid material—The occusrence of metachromatic
staining material in experi ally induced syphil in rabbits has
been previously noted by Scott and Dammin (5), as well as by earlier
workers. In our animals treated with cortisone this material accumu-
lated 1 great abundance and was of a stringy and tenacious mucoid
consistency. Exposure of this material, either in vivo or in vitro, to hya-
luronidase prepared from bull's testes, resulted in its prompt trans-
formation to a thum, flud y. Motile trep were still
abundant in this material

In formalin fixed-tissue sections the mucoid material is stained purple
by toluidene blue, but if the section is first treated with bull testis

dase the 1 ic staining property 1s completely elim-
1nated and the mucoid areas remain unstained,

Using the methods of Pearce and Watson (10), our associate Dr.
Frederick Rice has analyzed cortisone-treated and nontreated syphi-
lomas for hyalurome acid and chondroitin sulfate From the lesions of
the cortisone-treated amimals a large amount was recovered as hyalu-
ronic acid, and very little as chondroitin sulfate, while from the non-
treated lesions very httle hyaluronic acid, but a Jarge amount of the
chondroitin sulfate fraction, was obtamed Clinical determinations for
glucosamine, nitrogen, sulfate, and water gave values which were con-
sistent with the values reported for hyalt acid and chondroitin
sulfate (11-13). The hyalurome acid fraction from syphilomas analysed
as follows: hexosamme 28 4 percent, sulfate 00 percent, mtrogen 33
percent. Values for the chondrottin sulfate fraction were- hexosamine
253 percent, sulfate 12 3 percent, and nitrogen 1.45 percent. )

An attempt was made to d ine q ely the hyat ic acid

Heal B




EXPERIMENTAL SYPHILIS 111

and chondroitin sulfate content in a serics of lesions from treated and
untreated animals, However, app ly the avmlable methods are not
sufficiently sensitive to provide reliable comparative data

The foregoing histologic, enzymatic, and chemical evidence indicates
that the mucoid material is hyaluronic acid and suggests that a prom-
inent component of the untreated syphiloma is a chondroitin-like ma-
terial. One is led to speculate concerning the source of this abundant
hyaluronic acid. Beyond question its formation in such large amounts
results directly or indirectly from the presence of T. pallidum. Whether
the material stems directly from the treponemes itself or is a product of
the tissue reaction invoked by the trep has not been Jusively
determmed, but it seems likely that the former supposition is correct. It
is further suggested that the indurated character of the usual syphlomas,
as well as the rebaund lesions, may be due to the conyersion of the
treponemal hyaluronic acid to a sulfated molecule of the nature of
chondroitin sulfate,

Histopathological changes induced by cortisone —Early in the evolu-
tion of cutaneous syphilomas the lesions are charactenzed by the accu-
mulation of an intracellular mucoid material which has been dentified
as hyaluronic acid, and a marked mfiltration of mononuclear cells with
a typieal pernascular distribution (Fig 3) As the evolution of the
lesions proceeds, phagocytic cells and fibroblasts appear. When ulcera-
tion supenenes there is extensive nonspecific necrosts, with large num-
bers of polymorphonuclear cells.,

Fxs\m: 3 Lestox Frove Raserr 8172 (Exe 77E, Grove D)

unstained areas of mucoid materal (Hematoxyhn and eosin).
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In the Jesions of animals treated with cortisone there 15 2 marked in-
crease in the amount of hyaluronic acid (Fig. 4), and as mentioned
previously treponemes are also present in much greater numbers than in
animals reeeiving no cortisone, At the same time cellular nfltration is
almost entirely lacking, so that the main mass of the lesion appears to
be composed entirely of hyaluronic acid, is is not present in the
typical cortisone lesions.

N,

Fieure 4. Lesiov rFrozt Ramprr 8137 (Exr. 7T7E, Grour A)
PR St menn om P v e e

nonstaining mucoid material and almost complete absence of cellular
filtrate

The hyaluronic acid in formalin-fived sections stains distinctly purple
with toluidine blue, but when pretreated with bull testis hyaluronidase
these areas remam colorless.

The rebound stage following the withdrawal of cortisone presents a
complicated picture which resembles various aspects of the untreated
lestons There are rapid accumulations of mononuclear cells and numer-
ous phagocytes, as well as fibroblastic proliferation and a polymorpho-
nuelear reaction about a central ulcer

Penicillin in cortisone-treated animals —From previous studies (6}
1t is known that penseitiin 10 appropriate doses will effect a stnking re-
duction in the trep count of syphil 1 rabbits
within twenty-four hours Employing a previously outhned approach.
six cortisone-treated rabbits and two controls were given penicillin, and
treponeme counts were made on the lesions before and twenty-four
hours after the initial dose of penicillin At the time peniciltin was ad-
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ministered, three of the test animals had received cortisone for four days,
and three for seven days; in each the cutaneous syphilomas showed the
typical changes mduced by cortisone, The prepemicillin treponeme
counts were very high. In the control animals the lesions were simlar
to those ordinanly seen m rabbits in the absence of cortisone, and the
prepenicillin counts were substantially lower. All ammals recerved a
total dose of 5 mg crystalline penicilin G per kg mt larly in
aqueous solution divided into three equal doses at two-hour mtervals.
Treponeme counts on the lesions twenty-four hours after the initial
dose of pemaillin showed a marked reduction in the number of motile
treponemes in all animals. As customarily observed, 1 the control ani-
mals only an occasional treponeme, exther motile or nonmotile, was ob-
served. In the lesians of the cortisone-treated ammals an occasional mo-
tile treponeme and a larger number of nonmotile (and presumably
dead) T. pallidum were observed in the darkfield preparations
Although pemaillin seems to be equally effective wn hlling treponemes
in cortisone-treated and 1n non-cortisone-treated ammals, the mecha-
nism of clearing hilled or damaged orgamsms from the lesions 1s appar-
ently less efficient 1n the cortisone-treated animals, however the pres-
ence of larger numbers of nonmotile treponemes may merely be a re-

flection of the larger number of motile treponemes n the lesions before
treatment

Effect on seralogy —In the five groups of amimals referred to above
(Exp 77E), blood samples were taken before the admmustration of
cortisone and at fortmghtly mtervals thereafter Quantitative serologic
tests for syphilis, employing cardiohpm nnligen, were made on each
sample, using both pl fivation and floccul h
No clear-cut difference 1n pattern was observed among the five gmups
In the groups of animals recewving the larger doses of cortisone the mean
titer of so-called Wassermann antibody was shightly lower after two
weeks of treatment than the mean titer m the groups recerving smaller
doses or no treatment, but the differences were not remarkable, and
there was considerable vanation among mndividual ammals Routine
tests for treponemal immolnlization antibody was not made, because of

hnical dificulties in The few tests made mdi-
cated that cortisone did not cause any sigmficant reduction 1n trepone-
mal mmobihization anttbody

Effect upon lymph nodes —It 15 known that cortisone brings about a
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reduction in circulating lymphocytes and a generalized hypoplasia of
lymphoid tissue (14). Since syphilis in the rabbit commonly causes
pronounced hyperplasia of Iymph nodes, it was of interest to obserse
the net effect of these twe contrary forces.

The popliteal nodes of twelve cortisone-treated rabbits with active
cutaneous syphilomas were found to be much smaller than in seven ani-
mals which had had no cortisone, and even smaller than those usually
tound in uninfected ralints,

Effect upon circulating white blood cells. White-blood-cell counts
were made on five groups of eight rabbits cach, inoculated with T.
pallidum at the same time and treated with different amounts of corti-
sone for varying lengths of time {See groups A, B, C, D, and E referred
to above). In animals which had been treated with cortisone for twelve
days the white counts were in general substantially Jower than in the
group which had received no cortisone, but little difference was noted
between those recerving 3 mg/kg twice daily and those receiving 1
mg/hg once daily.

In animals treated for twenty-etght days the white counts were Jower
on the average than in the controls, but in these groups, as well as in
those mentioned in the preceding paragraph, there were eveeptions to
the rule. At two and four weeks after the discontinuance of treatment
the counts in the previously treated animals tended to be lower than in
the controls

Effect upon body weight —The effect of cortisone on body weight 1s
shown graphically in the diagram on p 115 Animals recerving doses of
cortisone in the order of 3 mg per kilogram consistently lost weight dur-
ing treatment and for a week or two after treatment was discontinued,

With doses approvimately one-sixth of the large dose, weight loss oc-
cutred only after prolonged adminsstration of cortisone. When corti-
sone was discontinued mcrease m body weight was customanly ob-
served after a short mterval

Effect upon wound healing —From the studes of Ragan and s as-
soctates (15) and otbers 1t 15 known that cortisone senously snterferes
with wound healing, apparently because the treated animals fail to de-
velop normal connectie tissue cellular components, particulasly Sbro-

blasts. We have had opportunity to note 1 experyments 1n wa'ch
syphilamas were excised for histological study that the operation
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wounds healed less readily in those having received cortisone than sn
untreated animals.

Effcct upon hipemia.~It has been previously reported by others that
cortisone-treated animals show a marked increase in serum fats, large
pale fatty livers, and atrophic spleens (14, 16-18). These changes wese
observed repeatedly 1n our animals which receved as much as 3 mg/kg
per day.

CORTISONE. DOSASE
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INOCULATION CORTISORE ¢ 2 3 4 5 [ k4 2 %
sEouN WEENS AFTER GEGINNING CORTISONT
Weionr or Rassirs Duree ApMrvisTRa1ioN OF CORTISONE
Di; fon —The ad u of cortisone in moderate to Iargc
doses to rabbits with large dermal syphal induces r keat

changes 1n the lesions withn a forty-eight hour period These changes
are characterized by transformation of the lesions from a cartlagimons
consistency to a pale, soft, and sticky mucord material :dentified as hya.
luronic acrd

1a the sypluloma of the untreated rabbut there 13 a marked mono-
nuclear inflammatory reaction, with foer of T pallidum In the corti-
sone-treated anumal the syphiloma is relatwvely acellular aad the greatly

mncreased mucord matenal 1 swarnung with actively motile T. palli-
dum
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At the height of the cortisone effect, although 7. pallidum is present
in the mucoid material in greater abundance than is cver observed i
the absence of cortisone, the tissue response of the host is not at all

haracteristic of that ly obseried in syphilitic fnfection In
other words, the relationship between host and parasite has been
abruptly altered, and the parasite flourishes without immediate reac-
tion or damage to the host.

Upon withdrawal of cortisone, the normal relationships are quickly
re-established and the host responds with a “rebound” phenomenon in
which the lesions revert to their precortisone characteristics, but be-
come much larger than those in control animals similarly inoculated, 2
high proportion of animals exhibiting ather signs of extensive disease.

What are the biological bases for these changes brought about by
the administration of corhisone? A rehiable answer to this question in
the experimental infection under discussion may give some cluc to the
mechamsm of action of cortisone in human disease. Wiile unfortu-
nately no categorical answers are possible from these Itmited studies,
in a sympostum of this sort it may be permissible to let speculation
range shead of demonstrated fact, as long as the two are clearly distin-
gunshed. in the hope of descloping plausible working hypatheses.

At the nisk of oversimplfication, let us ider merely three of the
casily observed ch. stic effects as ifested m the dermal
syphilomas, such as (1) the overgrowth of treponemes (2) the accu-
mulation of mucoid material and the absence of indurated tissue, and
{3) the rebound upon the withdrawal of cortisone

What are the mnportant physiolagical effects promoting these
changes? To consider first the overgrowth of treponemes n the lesions
of corhisone-treated rabbits it should be recalled that under ordmary
cireumstances the evolution of the syphiloma 1s a process imited largely
by the development of immunity, ot which antibody formation is the
)i 1 ex| ion The of excessive bers of trep
after cortisone treatment may conceivably be due either to suppression
of this mhibiting antibody or to the creation of an environment unusu-
ally favorable to spirochetal survival and multiplication

As brought out by other participants 1 the sympostum, large doses
of cortisone inhibit antibody formation. The doses employed i our
however, were not as high as those used in most of the
ich inhibition of antibody tormation was demonstrated,

experiments,
studies n wh:
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and our results showed no consistent differences between groups of
cortisone-treated rabbits and controls either in the pattern of Wasser-
mann antibody or, less definitively, in the amount of treponemal im-
mobilizing antibody.

Moreover, the changes in the lesions, both upon the administration of
cortisone and upon its withdrawal, accurred so promptly that it is diffi-
cult to conceive that they could be attnbuted primanly to an effect on
antibody titer. The presence of circulating antibody may not, however,
be an accurate index of the amount of antibody available locally, and
the marked reduction in cellular elements in the lesions of cortisane-
treated animals may possibly result in decreased amounts of antibody
atthe site of the Jesion.

On the other hand, the great accumulation of mucoid materal in the
lesion provides a physical environment which probably differs impor-
tantly from the usual one. There is experimental evidence suggesting
that material of such mucoid 'y inhibats phagoey (19),
and it may also offer a physical barer to the diffusion of antibody, al-
though there is no expenmental evidence to support the latter sugges-
tion,

The noteworthy effect of cortisone under these expenmental condi-
tions 15 the increase in the amount of mucoid matenal Foo of actively
multiplying T palfidum in the rabbit are regularly assocated with in-
creased amounts of hyaluronic acid (5). The source of this mucoid ma-
terial has not been defintely established. It is known that the normal
ground substance of ve tissue ins small of this
material (20). but it seems more likely that the large amounts observed
in syphilitic Jesions 1n the rabbat are synthesized by the spirochete Evi-
dence 15 lating m our Tat y that spectes and strams of

vary in their capacity to produce mucoid matenal and that
(hls charactenistic may be an important factor i determming the clin~
1cal picture of both the expermmental and natural disease caused by
these microorganisms.

Thus brings us to a consideration of another notable feature of the
dermal syphilomas in corhisone-treated ammals, namely, the replace-
ment of cartilagimous-hike tissue with thus tenacious mucord material As
mentioned above, the normal ground substance of connective tissue
contains small amounts of hyaluronic acid, while certam other connec-
tive-tissue elements, such as tendons, cartilage, and other elastic tissue,
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contain chondroitin sulfate, a related mucopolysacchaside. These is
some evidenee, for cxample, that certain changes in skin, such as that
observed in Jocalized myved are assaciated with an alteration m
the ratio of hyaluronic acid to chondroitin sulfate (21).

The indurated character of the dermal syphilomas—with rubbery
consistency suggests that they contain chondrottin-like tissue in rel-
tively large amounts, and limited chemical analyses in this Jaboratory
support this view, Because of the known presence of substantial amounts
of hyaluronic acid in early dermal syphilomas of rabbits, the subsequent
development of cartilaginous-hhe tissue, and the rapid changes in cither
direction when cortisone is given or withdrawn, the hypothesis is ad-
vanced that this indurated tissue is formed by the conversion of the
treponemal hyaluronic acid to a sulfated molceule of the nature of
chondroitin suifate,

Layton (22), utilizing radioactive tracer techniques, has shown that
sulfate in abnormal amounts is fived in injured muscle tissue and in
granulation tissue in & number of animal specics. The same investigator
(23) has also obtamed evidence that sulfate fixation in mjured tissue
is minbited by cortisone By analogy it might be further postulated that
in cortisone-treated rabbits sulfating of hyaluronic acid is interfered
with, either indirectly thraugh remaval of the cellular elements or by
some more direct inhibition of the enzyme system concerned, thus per-
muitting lation of the Hated pol haride.s Such
a hypoth pr to be with the observed sequence
of events, although st admittedly rests on meagre evperimental evi-
dence.

A third notable featare of cortisone effect on dermal syphilomas is
the rebound phenomenon obsersed upon the withdrawal of cortisone.
This usually occurs wathin forty-eight hours after the last dose 1s given,
but in exceptional mstances it may be delayed a number of days, Con-
sidering the fact that the lestons contan an excessive number of tre-
ponemes as a result of cortisone therapy, 1t 1s not surprising that the
discontinuance of cortisane is followed hy an unusually sexere form of
disease as fested by extensive local and g lized lesions. After
Tong-continued cortisone therapy no rebound js observed in about half
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Jevel

the amimals, which may be d for by the
tective antibody.

The evidence suggests, therefore, that the most striking effect of cor-
tisone therapy on syphilomas in rabbits is less dependent upon inhibi-
tion of antibody formation than upon a direct effect on the tissues at the
point of contact between parasite and host and that a prominent fea-
ture of this effect is alteration m the ratio of hyaluronic acid and
chondroitm-sulfate.

Summary—The administration of cortisone to rabbits with dermal
yphil profoundly alters the ct of the lesions and to a lesser
extent the subsequent course of the discase In contrast to the usual
reddish, indurated, and often stony hard lesions, those in cortisone-
treated animals are pale, soft, and filled with a tenacious mucoid mate-
rial identified as hyalurome acid T. pallidum occurs in such lesions in
excessive numbers,

Upon withdrawal of cortisone there 1s a rebound phenomenon char-
actenized by a return of the lesions to their pre treatment characteris-
tics, except that they usually become much larger than in ammals which
have recerved no cortisone Generahized syphilitic lesions occur in a
much higher proportion of cortisone-treated ammals than in untreated
rabbats,

Partly on evidence adduced 1n these experiments, the hypothesss is
advanced that the most strking effect of cortisone therapy on the le-
sions in this experimental infection 1s less dependent upon inhibition of
antibody formation than upon a direct effect on the tissues at the pomt
of contact between the parasite and the host, so that the removal of

of pro-

trep 1 hyal acxd 1s inhibited and a p feature of this
effect 15 an alteration of the rato of hyal acid and chondroitin-
sulfate.
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THE EFFECT OF CORTISONE IN ACTIVATING
LATENT TRYPANOSOMIASIS IN RIESUS
MONKEYS *

By Auven Worr, ELviv A, Kanat, Ava E. Brzen, axo James K C
Fravsera Tho Plonastoisnte af Paihalnme Nourbnm onid Micto-
H . o .

D UIING TIIE COURSE OF EXPERIMENTS on the effect of cortisone on acute

Frecermt ) : :
ated encephalomyelitis produced exper ly in rhesus

keys by the inj of homelogous brain tissue emulsified with the
Freund adjuvants (1), 1t was noted that the cortisone activated a spon-
taneaus latent infection by try panosomes, The seventy-nine Macaccus
shesus monkeys used were Indian in origm and were obtained from 2
New York dealer during the winter of 1950. In examining blood spect-
mens from the monkeys to determine therr eosinophile content, motile
flagellates were noted m the blood of siv of the eight animals investi-
gated Two were control ammals which had secened no cortisone, and
four were cortisone treated. A study of the orgamsm i blood smears
showed 1t to be a trypanosome, roughly 19-20 micra in Jength, with a
large posterior kinetoplast, very finely granular, Jightly basophilic cyto-
plasm, a good-sized flagellum and a narrow undulating membrane (Fig.
1} In wet preparations the tsyp were strrkingly active and
motile.

The admumstration of corttsone was begun a week prior to the mjec-
tion of the bramn emulsions with adjuvants Each monkey, cortisone-
treated or control, had a senes of three inoculations of 1 m! per dose of
monkey bramn, aquaphor, paraffin o1, and heat-Mlled tubercle bacilli
gven at weekly intervals, The emulsion of mankey brain with the
Freund adjuvants was prepared as formerly reported (2). Filty-mne
monkeys received cortisone subcutaneously, while twenty animals re-

1 Alded by a grant (MU-257) from the Natwonal Insttute of Mental Health of

the National Institutes of Health, Public Health Service, and by the William J.
Matheson Commussion, an sbstract of tlus werk appeared in Federation Procecdings,

1951, 10, 375
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cewved none. Cortisone was given daily to six animals, and six times
weekly to ffty-three others while the bram mjections were under way
and for eight weeks thereafter, a total of eleven weeks of cortisone ad-
ministration. In some groups of animals cortisone was discontinued

Flagelum

Kinetoplast

Cytoplasmic vacuole

Ficure 1. TRyPANOSOME SEEN 1N SyEaR oF BLoop oF CORTISONE-
TREATED Ruesus Moxkey

Note size of flagellate i relation to red blood cells and termmal posi-
tion and large size of blepharoplast, probably T. crun

after administration for three to six weeks, Ammals were observed
daily for signs of iliness. Those which showed such grave signs of en-
cephalomyelitis that they seemed unlikely to survive another day were
sacnificed Atawa, visual loss, and pyramidal tract signs were the most

common signs Companson with later autopsy ﬁndmgs revealed thnt
they probably resuited from the expe: I

P
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enceplialomyclitis, and not from the protozoan infection. Weakness and
loss of weight in the protozoan-infected animals were in part caused by
the cortisone. At the termination of the experiment, cight weeks after
the last njection of brain cmulsion, all the ining monheys were
sacrificed. Complete autopsies were performed on all animals.

The effect of cortisone upon the production of experimental dissemi-
nated encephalomyehtis has been reported elsewhere (1). As an inci-
dental finding, it was observed that twenty-two of the fifty-nine animals
which received cortisone developed ' sions of trypanosomiasis in the
central nervous system, heart, fat, bone marrow, striated muscles, and
rarely in the lymph nodes and liver. In addition, sixteen of the fifty-nine
monkeys had lesions frec from parasites, but resembling those of try-
panosomiasis. Fifteen of them had a slight or moderate m)oc:lrdm's, of
which seven had some myositis and four had a mild encephalitis, 35
well as involvement of other organs listed above, Of the tuenty-tso
monkeys showing defnite trypanosomiasis, one severely and one mildly
infected animal had received six injections of 5 mg of cortisone sub-
cutaneously per week; two mildly and tw o moderately infected animals,
six injections of 10 mg weekly, two moderately and two mildly infected
animals, six injections of 17.5 mg weekly, three mildly, one moderately,
and one severely infected amumal, six ijections of 20 mg weckly; one
moderately and one severely infected animal, siv injections of 30 mg
weekly; four severcly infected ammals and one mldly infected re-
ceived 40 mg daily Of twenty animals that received no cortisone,
none showed trypanosomal lesions, although two had trypanosomes in
their blood The parasitemia, however, was much less marked than that
observed 1n four of the cortisone-treated animals, all of which were in
the group recerving 40 mg daily

Pathological Findings

Nervous System —Focal inflammatory lesions were scattered through-
out the brain and spinal cord They were encountered most often in the
cerebral cortex, but were also seen m the cerebral white matter, basal
ganglia, hypothalamus, cerebellum, brain stem, and spmal cord, being
present m both gray and white matter at all levels of the neuravis. The
chief feature of the process was a mulary granuloma (Fig 2). This was
composed of a cluster of large, rounded, ovord, polygonal, or fusiform
cells, with abundant cytoplasm and eccentric or central oval nucler,
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poor in chromatin and often having a prominent nucleolus (Fig. 3).
Leishmaniform organisms were present in the cytoplasm of these cells
(Fig. 8), varying from a few to a large number which completely filled
the cell and displaced its nucleus toward the cell margin. These organ-
isms lay 1n cytoplasmic vacuoles and averaged about 2 micra in length.
They were ovoid or spherical in shape and had an oval or spherical

Ficvre 2 Mmuary Grazvrodas v CoRTeX oF Frostar Lose or
CeresRty oF Rmests Mowkey SUFFERDNG FrROM TRTPANOSO-
pLITH
Hematoxylm eosin stam X100

pucleus and a rod-like transverse blepharoplast (Fig. 4) The miliary
granulomas usually exhibited an mtimate relationship to a small blood
vessel, commonly a capillary, which showed hypertrophy and cyto-
plasmic basophilia of its endothelial hning cells Nerve cells and fibers
were included in the outer portions of the granulomas and usually were
remarkably well preserved The largest of the granulomas, resulting
from a coalescence of smaller ones, compressed the surrounding neural
tissue to a mild degree. and this was associated with some distortion,
edema of the parenchyma, and a mild astrocytosis Peris ascular lymph-
ocytes were d m small bers about the granul with
an occasional plasma cell and large mononuclear cell When the granu-
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loma was near the surface, the ov erlying Jeptomeninges showed a simi-
far, mild, strictly hmited infiltration. Even the largest granulomas were
a mm or less in diameter, and some of them had undergone central
neerosis (Fig. 5) associated with some polymorphonuclear infiltration
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Freune 3 Mitiany Granvroma 1y Correx or QOccreirar, Lone
oF CeReBRUM OF Rnesus Mongny wimn Tmipanosonasis
Marhed p of eputheliond cells by leish form stage of
trypanosome, hematoxyhin eosin staun x 100

In these granulomatous lesions lesst form organsms were seen ex-
tracellularly, and perivascular mfiltration was somewbat more intense
In only one monkey, ane which had recerved 40 mg of cortisone daily
and had a severe try} 1 phal litis, was another type of
lesion tound In this ammal a portion of the cortex of one occipital Jobe
showed advanced degeneration extending down into the subcortical
white matter, The cortex was narrowed and its architecture was vir-
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Hematoyln eosm stan X 1000,
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tually obliterated because of extensive loss of nerve cells, There was
some microgliosis, w the form of rod-cell formation, and intensc large-
cell astrocytosis. Large mononuclear cells, loaded with lershmaniform
organisms, were present in perivascular spaces, and there was a mod-
crate eapillary endothelial hyperplasia. In one area total disorganiza-
tion, with cyst formation and margmal fibrillary astrocytosis, marked by
reduced cellulanty and piloid forms, was the site of many coalescent
miliary granul inij organisms (Fig. 6). Astro-

ALY e
RIS IR
e N el

i oRET
o, W e AR AT
o, 0 A TR
19 LBV 5
{S 4 N =5y

Xy

Y
3
53
N

¥
RS
&
%
%
LR ALY

>
)

28 o y 7
PRy CAN T, £5
il

i1 Pl (208 WS-t
R e T Ak TN TR -7.'?):.
Rty e 20 x‘.;g ek X W ,.m 21
o S L0 S T { by 8
Y SR TS Z al,

) A TN

r:

e
S

I

&

SRR D
Ficure 6. SEVERE Trypanososar Lesion v Ceresmat CORTEX
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Total d of neural el , coal of }
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cytes were found nchly garlanding the granulomas. Penvascular and
Ieptomeningenl infiltration, as described above, was more marked in
this area. In another heavily wfected anmal, one which had also re-
cewed 40 mg of cortisone daily, leishmaniform organisms were found
in the cytoplasm of arachnoid cells and dural histiocytes in one optic
nerve sheath, Lymphocytes were present in the Jeptomenmgeal portion
of the sheath. In another anmmal a centrally necrotic granuloma was
scen in a postenor root at a lumbar level.

A number of nerves of the brachial plexus in one of the most severely
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infocted antmals, an animal which had recefved 48 mg of cortisane
Qasty, showed focal teslons in the perineurium and endoneurium. Large

lear cells, parasitized by Jeishmanif isms, were seen
perivasculady. These oecurred singly o Ja clustess,  but were diserete,
and did not form comgact granulomas, as in the central nervous systerm,

They wete fated with mod bers of lymphacytes, prolif-
. 3~ setnnbiegtion of Jocal sbeﬁth cells. No foeal
Yt ltfan

mgﬁmsms, wath A oS Muun . .
peurfum and endonenrium of the smaﬁc nerves and brachwt presusen
of a number of other animals,

Heart—There was a focal or diffse intersttial mypcarditis most
marked it the ventricles (Fig, 7). An intershitial infiltration by ympbo-
cytes and oceasional plasma cells was accompanied by capdlary probif-
eration and multiplication of histiocytes Dense clusters of leshmani-
form organisms were scen in muscle fibers in these ateas (Fig, 8) and
heyond them. The muscle fibers were oftea pressed widely apart by
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the interstitial i ion. Granular deg jon of myocardiaf
fibers was seen onI) in the most scyere lesions. Wherever the lesions
were superficial there was focal extension of the inflammation into the
pericardium. In one instance focal subendocardial necrosis of connec-

tive tissue, with localized polymorphonuclear infiltration, was obsesved.
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Ficvre 8 DENSE CLUSTER OF LEISHMANIFORM ORGANISMS IV
MuscLe Fier, Trypavosomar Myocarpimis gy Ruesus Mow-
KEY
Hematosyhn eosin stam X 1000

Striated muscle —Interstitial inflammation like that seen in the heart
swas present bere, as well (Fig 9) Many of the closely packed mono-
nuclear ceils, which were considered to be proliferating histiocytes, re-
sembled epitheliond elements, Many muscle fibers were flled with Jeish-
maniform orgamsms (Fig, 9) Facal hyaline and granular degeneration
of muscle fibers was accompamed by swelling and loss of striation
\ful(xph&l(lon of muscle and sarcolemma nuclei was observed, and

d basophilic fibers gave evid: of attempts

at regeneration.
Fat-—xSchutaneous and peritoneal fat contained focal areas of -
Fltration by lymphocytes and large ! 1 (Fig 10}

parasxhzed by lershmamform organisms (Fig. 11) and had the same



0%

IRy

A

N0sOMAL Myosrris 1¥v Ruesus MONKEY

Hematoxylm eosin stamn X100
1N RHESUS MONKEY
Hematoxyhn eosin stamn X 100

AN

PR

§ 3
AN R THRIEA. 1IN

Frcure 10. Focar Triranosovar Lesioxs 1v SucuTaneous Far

Ficure 9 Trypal




132 LATENT TRYPANOSOMIASIS

appearance as those seen in the brain. These cells were usually discrete,
but sometimes occurred in denser clusters, in which they were poly-
gonal, rounded, or fusiform Occasionally a few polymorphonuclear
leucocytes were seen in foci of fat necrosis.
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Ficure 11. Larce MoNosucLeaR ELEMENTS Parasirizep By Leist-
MANIFORM ORCANIsS IN TRYPANOSOMAL LESION 1N SupCUTA-
Neous FaT oF Rirsus Moskey
Hematoxylin eosm stan X400,

Bone marrow.—Foci of large mononuclear elements parasitized by
leisk form org bled those seen in the fat Normal
myeloid el had disappeared, and the Jear cells were
accompamed by lymphocytes and occasional polymorphonuclear leu-
cocytes The parasitized mononuclear cells did not lie closely approxi-
mated as in the cerebral granulomas, but lay more discretely in clusters.
Focal necroses of marrow were encountered, with few, if any, organisms
and some polymorphonuclear leucocytes

Involvement of the intestine, liver, and lymph nodes was rare and
\was marked by chronic focal inflammatory lesions similar to those de-
sersbed above. Of these the most severe lesions were seen in the small
intestne of one animal 1n which all layers were nvolved, but the sub-
rmucosa and mucosa were chiefly affected
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Discussion.~1In view of the fnding of a trypangsome in the blood of
some of the animals in this experimental group, it was clear that the
microorganisms observed in therr tissues were the leishmaniform stage
of the flagellate. Unfortunately, by the time the pathological observa-

tions were made, the tryp was no longer available for studies as
to its pathogenicity by inoculation into other speces.
The of sp in monkeys was frst

t Ty

noted m 1908 independently by Go‘ndnr and Von Berenberg-Gossler
(8) m South America and by Brumpt (4) in 1909 18 Belgium. Gonder
and Von Berenberg-Gossler observed these flagellates in Brachyures
calvus monheys in the Amazon district and namec! them Trypanosoma
prowazeke, Later, Laveran and Mesni! (5) and Malamos (6) expressed
the opinion that the fllustrations of the organisms 1n this report strongly
suggested Trypanosoma cruzi Brumpt found his trypanosomes m 2
young Macaccus cynomolgows monkey from the zoological garden of
Antwerp and named it Trypanosoma vickersae It was very similar to
Trypanosoma cruz: It was easily transmissible and was passaged to six
cynomalgous, one Maceus sinicus, and one Macaccus thesus monkey,
two guinea pigs and three young rabbits, with no occurrence of symp-
toms, Brumpt later concluded that it was pathogenic i some respects
and was respansible for the death of a few of his monkeys In 1911 Terry
(7) found actwely motile trypanosomes mn the hlood of twenty-eight
Macaceus rhesus monkeys at the Rockefeller Institute, New York City,
and was able to transmat them to one Macaccus thesus monkey, six mice,
two rats and a gunen prg. He found the orgamsm to be only mildly
pathogemse, and tentatively named 1t Trypanosoma rhest Laveran and
Mesnil {5} suggested that thus orgamsm was the same as that described
by Brumpt (4) In 1916 Leger and Porry (8) found s trypanosome
an Ateles pendadactylus monkey m French Guinea which they named
Trypanosoma lesourds, they were unable to transmmt 1t to monkeys or to
gumea pags In 1935 Matamos {8) observed trypanosomes identified ag
Schuzotrypanum crum m four Javanese cynomolgous monkeys recently

1 1n Ham} The mfe was d to keys, mice,
and rats, Triatoma nfestans could be infected by blood sucking Tn 1946
Fulton and Harnison (9) reported on a batch of Macaceus rthesus mon~
keys which they had recerved frow fndra for a study of malaria, Follow-
1ng a series of blood moculations from one to another of the group, six
ammals were found to harbor trypanosomes m their blood, desenbed
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appearance as those scen in the brain, These cells were usually discrete,
but sometimes occurred in denser clusters, in which they were poly-
gonal, rounded, or fusiform. Occasionally a few polymorphonuclear
leucocytes were seen in foci of fat necrosis.

Ficure 11. Larce MonoNUCLEAR ELEMENTS PanasiTizep By LEmsi-
MANIFORM ORGANISMS IN TRiPAMOSOMAL LESION 1N SUBCUTA-
nxeous FAT or Ruesus Movkey
Hematoxyhn eosin stain X400

Bone marrow~¥oci of large mononuclear elements parasitized by

leis! form org bled those seen in the fat. Normal
yelord el had disapy d, and the lear cells were
a ied by lymphocytes and 1l polymorphonuclear leu-

mcyte;, The parasitized mononuclear cells did not e closely approxi-
mated as 10 the cerebral granulomas, but lay more discretely in clusters
Focal necroses of marrow were encoantered, with few, if any, orgamsms
and some polymarphonuclear leucocytes.

Involvement of the intestine, hver, and lvmph nodes was rare and
was marked by chrome focal inflammatory lesions symlar to those de-
seribed above. Of these the most severe lesions were seen m the smal}
intestine of one animal in which all layers were imolved, but the sub-
mucosa and mucasa were chiefly affected
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Discussion~1In view of the finding of a trypanosome in the blood of
some of the animals in this experimenta} group, it was clear that the
microorganisms observed m their tissues were the leishmaniform stage
of the flagellate. Unfostunately, by the time the pathological observa-
tions were made, the trypanosome was no Jonger available for stedies as
to 1ts pathogenicity by inoculation into other species.

The of sp tryp fasis in was first
noted s 1908 independentdy by Gonder and Von Berenberg-Gossler
(8} in South America rad by Brompt (4) in 1908 in Belgium. Gonder
and Von Berenberg-Gossler observed these flagellates in Brachyusus
calvus monkeys in the Amazon district and named them Trypanosoma
prowazeki, Later, Lavera and Mesmt (5} and Malamos (6} expressed
the opinion that the sllustrations of the organisms m this report strengly
suggested Trypanosoma cruzi. Brumpt found his trypanosomes in &
young Macaceus cynomolgous mornkey from the zoological garden of
Antwerp and named it Trypanosoma vickersae. It wag very similar to
Trypanosoma eruzi, 1t was easily transmissible and was passaged to six
cynomolgons, one Maccus simeus, and one Macaceus rhesus monkey,
two gumea pigs and three young sabbits, with no occurrence of symp-
toms., Brumpt later concluded that it was pathogenic in some respects
and was responsible for the death of a few of his mankeys, In 1911 Terry
(7) found actvely motde trypanosomes in the blood of twenty-exght
M; vhestss keys at the Rockefel! Nesw York Gity,
and was able to transput them to one Macaccus rhesus monkey, six mice,
two rats and a gumea pig He found the organssm to be only mildly
pathagenic, and tentatwely named 1t Trypanosoma rhess Laveran and

Mesqul (5) suggested that thes orgamsm was the same as that desenbed
by Brompt (4) In 1018 Leger and Porry {8) found a trypanesome w
an Ateles pendadactylus monkey 1 French Guinea which they named
Trypanssoma lesourds, they were unable to transmut it to monkeys or to
gumea pags Iu 1935 Malamos (6) observed trypanosomes ideptified as
Sehizotrypapum cruz: in four Javanese cynomolgous monkeys recently
recerved m Hamburg The wmfe was d to keys, mice,
and rats, Triatoma wfestans could be miected by blood sucking In 1946
Fulton and Harrisan (9) reported on 2 batch of Macaeeus rhesus mon-
keys which they had recesved from Tndia for a study of malara Follow-
ing a series of blood mocnlations from one to another of the group, six
ammals were found to harhor teypanosomes m thexr bload, desenbed

1
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appearance as those secn in the brain. These cells were usually discrete,
but sometimes occurred in denser clusters, in which they were poly-
gonal, rounded, or fusiform. Qccasionally a few polymorphonucl
Jeucocytes were seen in foci of fat necrosis.

Froore 11 Lance MoxozucLean ELEMENTS PaBasrTizep py LEssa-
MANIFORM ORGanisas 1y TRYPANOSOMAL LESION 1IN SUBCUTA-
~eoUs FAT oF Ruesus Moviey
Hematovyhn eosm stain X400

Bone tarrow —~Foci of large 1 1 parasitized by
lersh iform org r bled those seen in the fat. Normal
myelod elements had disappeared, and the mononuclear cells were

d by lymphocytes and ional polymorpk Jear Jeu-

P Y
cocytes The parasiized mononuclear cells did not lie closely approa-
mated as in the cerebral granulomas, but lay more discretely in clusters,
Focal necroses of marrow were encountered, with few, if any, organisms
and some polymorphonuclear leucocytes

Involvement of the mtestine, hiver, and lymph nodes was rare and
was marked by chronte focal inflammatory lesions sumilar to those de-
senbed above Of these the most severe lesions were seen 1n the small
{atestine of one anumal i which all layers were mvolved, but the sub-
mucosa and mucesa were chiefly affected
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treated in exactly the same way, but having no cortisone administered,
were free of trypanosomal lesions, except for latent blood infection in
two, one may conclude that the cortisone activated a latent trypanoso-
muasis in these animals.

The histological character of the lesions produced by the trypano-
somes did not appear to be modified by the cortisone as determined by
a cross comparison with available matenal of simian trypanosomiasis
There were changes in a number of organs due to the cortisone admin-
istration, however. The adrenal glands showed narrowing of their cor-
tices, with a depletion of lipids Their spleens exhibited quiescent Mal-
pighian corpuscles and a red pulp poor 1 cellular elements The lymph
nodes were relatively inactive, and the thymus glands scanty in volume
and inactive “This was in contrast to the findmgs in the monkeys having
received no cortisone, which for the most part developed experimental
disseminated encephalomyeliis and showed no lesions of trypano-
somiasis These had broad adrenal cortices, which appeared actve and
contained an abundance of lipid. Their spleens had Malpighian cor-
puscles with active germmal centers and a cellular red pulp. The lymph
nodes exhibited active germinal follicles and many mononuclear cells
therr medulla. Often the thymus was large and actve or of moderate
sze.

The stimulation of a more vigorous trypanosomiasis m monkeys har-
boring an inapparent parasitization of this type by the admmstration
of cortisone extends the repeated observation of the enhancing effect
of this sul on and exper 11

induced mfections
Many of these are dlscussed m detail 1n the other papers of this sympo-
sum (12-40) The mechamsm by which these effects on infections are
produced have not yet been defimtely determmed The well-known
metabolic influence of cortisone and sts effects on lymphoid tissue, es-
pecially the recently established role in wound healing (41-16), m-
flammation, capillary permeability, and phagocytosis (47-51), antibody
formation (52), and various allergic reactions (53-54) provide good
leads for further study Many of them have been evaluated in detail in
other contributions to this symposium

y —Fifty-nine M

rhesus monkeys were given corti-

sone n order to observe 1ts effect upon the development of acute dis-
d hal, 15 produced by the inoculation of homolo-
gous brain hssue emulsified with the Freund adjuvants, and twenty
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as indistinguishable from a strain of Trypansoma cruzi maintained n
the laboratory Some sichened and died, two very suddenly. Lesions
were encountered in the hver, spleen, heart, pentcardium, and bone mar-
row. Fulton and Harrison also cited a personal communication from
MacCallum (10) stating that be had found Trypanosoma cruzi in the
blood of some Macaccus rhesus monkeys which had been in his labora-
tory for some time. In the recent edition of Brumpt's textbook of parasi-
tology (11) he stated the opmion that the typanosome described by
him in the Javanese monkey in 1909, that by Terry in Indian monkeys in
1611, and that in Dutch East Indan monheys by Malamos in 1935 were
all examples of the Trypanosoma cruzi of Chagas, Fulton and Harrison
and MacCallum also considered their organisms to be T, eruzi, It is
highly probable, althaugh certainly nat praved, that the trypanosome
our monkeys, Iike those in these other Indian monkeys 1s also T. cruzi.
This probability is increased by the predominance of lesions in the cen-
tral nervous system and heart. The striking tendency to granuloma for-
mation in the central nervous system, with clusters of large epithelioid
cells ing the leis! form stage of the organism, is very sinular
to that seen in human Chagas disease. The granulomas are relatively
free of lymphocytes, show no giant cells, and only rarely exinbit necrosts.
Focal necrotizing lesions are fewer In the heart, the lively interstitial
myocarditrs, marked by the predominance of round cells and the leish-
martform organisms in the muscle fbers, is the essential lesion A
similar, less-marked ivolvement of striated muscle is present The bone
marrow s strikingly affected and exhibits both neerotizing and granu-
lomatous lesions, as does the fat, but to a Jesser degree

In general it was found that the higher the dose of cortisone the
more severe the trypanosomal mfection, particularly the encephalo-
myebtis and myocarditss Conversely, the experimental disserunated
encephalomyehtis produced by the inoculation of an emulston of bram
tissve and Freund adjuvants was ehminated by the higher doses of
cortisone and occurred sporadically and less markedly with succeeding
smaller doses, The presence of the esperimental encephalomyehtis did
not appear to favor the develop of tryp is or seem to af-
fect its degree In view of the fact that twenty-two of the monkeys which
received cortisone showed trypanosomal lesions and orgamisms and
another sixteen had similar lesions without the organisms, out of a total
of Afty-mme recelving this medication, and that twenty other monkeys
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treated in exactly the same way, but having no cortisone administered,
were free of trypanosomal lesions, except for latent bleod infection in
two, one may conclude that the cortisone activated a latent trypanoso-
miasts m these animals.

The histological character of the lesions produced by the trypano-
somes did not appear to be modified by the cortisone as determined by
a cross companson with available material of simian trypanosomiasis
There were changes in a number of organs due to the cortisone admin-
istration, however. The adrenal glands showed narrowing of their cor-
tices, with a depletion of lipids. Their spleens exhibited quiescent Mal-
pighian corpuscles and a red pulp poor m cellular elements The lymph
nodes were relatively mactive, and the thymus glands scanty in volume
and mactive. This was in contrast to the findings in the monkeys having
received no cortisone, which for the most part developed experimental

di inated halomyehtis and showed no lesions of trypano-
sormuasis. These }nd broad adrenal cortices, which appeared active and
contaned an abundance of lipid Their spleens had Malpighian cor-
puscles with active germinal centers and a cellular red pulp. The lymph
nodes exhthited active germinal follicles and many monenuclear cells in

their medulla Often the thymus was large and actnve or of moderate
s1ze,

The stimulation of a more vigorous trypanosomiasis in monkeys har-
boring an mapparent parasitization of this type by the admmstration
of corhisane extends the repeated observation of the enhancing effect
of this sub on and experi Ily induced infections
Many of these are dlscussed m detail 1n the other papers of this sympo-
stum (12-40). The mechamsm by which these effects on infections are
produced have not yet been defimtely determmned The well-known
metabolic influence of cortisone and 1ts effects on Iymphaid tissue, es-
pecaally the recently established role n wound healing (41-46), m-
flammation, capillary permeability, and phagocytosis (47-51), antibody
formation (52), and vanous allergic reactions (53-54) provide good
leads for further study. Many of them have been evaluated in detail in
other contributions to this symposium

y —Fifty-mne M. rhesus keys were given cortr-
sone order to observe lts effect upon the development of acute dis-
d hal 1s produced by the inoculation of homolo-

gous brain hssue emulsxﬁed wnh the Freund adjuvants, and twenty
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served as control animals. Twenty-two of the ffty-nine of the cortisone-
treated monkeys developed lesions of trypanosomiasis (probably
caused by T. cruzi) in the central nervous system, heart, fat, bone mar-
row, striated muscle, and rarely in the lymph nodes and liver. In addi-
tion, sixteen of the fifty-nine monkeys had lesions free of parasites, but

bling those of trypa iasis. The twenty control animals which
did not recewve cortisone and most of which developed experimental
acute di 1 phalomyelitis, were all free of trypanosomal le-
sions, although two had a parasitemia. These findings provide additional
evidence that cortisone enhances the infection caused by a varety of
infectious agents.
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Chapter 11

THE EFFECT OF ACTH AND CORTISONE
UPON ALLERGIC DISEASES®

By A McGeuee HARVEY, Lawnence E. SHULMAN, anp Eprrit H.
Satoesricn, The Department of Medicine, The Johns Hopkins
University School of Medicine

IN THE JIALF CENTURY which has elapsed since the classical studies of
Von Pirquet on serum sickness, interest in the possible role of hyper-
sensitivity in the pathogenesis of many human diseases has been wide-
spread. It has been clearly recognized for many years that hypersensi-
tivity in the human subject develops after repeated exposure not only to
foreign protein but also to an ever-growing list of chemical sul

which apparently combine with body proteins to form the antigenic
complex, The resulting production of antibody sets the stage for the
allergic inflammatory reaction which blossoms upon subsequent con-
tact with the exciting antigen. The resulting mamfestations vary from
minor skin eruptions to severe and fatal reactions. Aside from the con-
dhtions winch frequently oceur, such as urticaria, angioneurotic edema,
asthma, arthritis, lymphadenopathy, and fever, severe changes may
oceur, such as agranuloeytosis, thrombocytopenta, and hemolytic ane-
mia. One of the concepts to explain the broad spectrum of changes
which may occur 15 that of the so-called “shock organ” which serves to
categonize the vanous types of allergic reactions seen in human sub-
Jects, and a given antigen may in ifferent sensitized indwviduals pro-
duce widely diverse reactions, such as urticaria, hay fever, asthma,
purpura, or arthnitis. What mechanisms determime these different re-
sponses in the host 15 not understood. but they may well determine the
nature of the clinical picture in the patient who develops one of the
diseases in which the prominent lesons are collagen and vascular tissue

injury.
Various concepts have been put forth to explain the mechanism of the

1 Part of the Cortisone and ACTH used in these experiments was purchased
through a grant-m-aid from the Division of Research Grants and Fellowships, Na-
tional Institute of Health, United States Public Health Service



ALLERGIC DISEASES 141

allergic inflammatory reaction. One postulates a direct injury to cells
resulhng from the union of zmhgcn and anhbudy with the liberation of
Acholine, or other physiologically active sub An-
other env is'\ges the inactivation of an cnzyme intubitor normally pres-
ent resulting in the release of proteo!ync enzyme activity, which in
turn attacks the cells, freeing these physiol Ily active sul
Two different types of reaction may follow the application of antigen to
the skin in the sensitive subject. one is the famliar “fare and wheal”
reaction, which occurs immediately, the second is the delayed, or tuber-
culin, type reaction, in which the tissue response develops slowly and
progressively and persists for several days (1). Numerous observers
have now studied the effect of ACTH and cortisone in doses sufficient
to induce a clinical remission in patients with allergic disease on the
dermal reactivity to hi ine and to various antigens. In most of these
studies the skin was not the site of the disease process in these patients,
although it did respond to the njection of suitable antigens. Studies
have also been carried out on the effect of these hormones on the gen-
eral vascular reachivity to hxslamme and the ability of the skin and adja-

cent tissues to hiberate h \; after the ad
tion of d-tut ine, The latter compound 15 one of several producing
Tustamine-hike effects after or ntra-arterial injection at-

tributable to the release of a histamine-like substance from the tissues
(2). From these stuches, 1t seems fairly clear that ACTH and cortisone
do not affect the reactivity of the skin to histamme or the prompt reac~
tivity to mhalent anhgens but they do diminish the delayed reactivity
to b g tuk lin (3). Even a lngh level of
adrenal.cortical stmulati duced by the

ton of ACTH does not alter the ablity of the skm and other tissues of
the upper extremities to release h g the
injection of d-tubocuranne or to respond to this substance or to hista-
mumetself These observations make it appear unlikely that the thera-
peutic effect of ACTH or cortisone in allergic diseases is mediated or

d by a general red m the y to or avanlabil

of histamine, Tt 15 of mterest that the antthistaminic compounds, which
do influence the immediate skin reaction to antigens and also the reac-
tion to histarmme itself, fail to have a stnking influence on such hyper-
sensitive states as serum sickness and asthma, which are dramatically
altered by the adrenal ¥ of iderable imp would
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seem to be the fact that the delayed, or tubercalin type, of skin reaction
may be very strikingly inhibited by raising the level of adrenal-cortical
actwity, while this type of reaction is not inhibited by antihistamine
compounds. Further study of the differences between the prompt and
delayed reactions to antigens may help to elucidate the mechanisms by
which ACTH reduces the inflammatory response to a variety of stimuli
1t should be emphastzed that the skin was not the site of allergic dis-
ease in the patients in whom dermal reactivity was studied, aithough
the skin did respond to the injection of suitable antigens, Numerous
chaical observations have shown that when the skin is the site of the
allergic disease in patients with drug hypersensitivity the admmlstm-
tion of ACTH and cortisone abolishes these
such as guant urticaria, which are supposedly the counterpart of the
prompt, or anaphylactic, type of sensitvity and the “wheal and flare”
response to ustamine While these observations have involved different
antigens from those employed in the studies just described and different
routes of exposure in most instances, they do suggest that ACTH and
cortisone dimmish prompt dermal reactvity to antigens more reachly
when the skin 1tself 1s altered by the allergic disease, Again, an under-
standing of this difference might lead to important facts concerning
the mechanism of action of ACTH and cortisone on the tissues and
their response to disease.

Of further interest 1n this regard 15 the reaction which may occur
from the application of certamn alkalowds to the skin and mucous mem-
branes Irmtation of the comjunctiva, lids, and ady t: sur-
faces may develop durmng the conrse of local admunistration of atropme
to the eye Atropme apparently can combine with the protein mn the
tears to form stable salts to which a sensitinity develops In the cases
which have been treated with ACTH or cortisone there was no systemic
hyp tivity Ithough the same type of eruption appeared
in 24 to 48 hours alter a cutaneous patch test in an unmvolved area
with an omntment contaning the alkaloid Under adequate treatment
with ACTH or cortisone there 15 a raptd healing of the skin Jesions, and
reaction to the patch test is essentrally completely blocked If hormonal
may be reapplied without exciting any

tre: t is pi
reaction (4).
ACTH and cortisone have been demonstrated to have a very dra-

matic effect controlling the inflammatory and exudative phases of
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rarious diseases of the conjunctiva and uveal tract in which hypersensi-
tivity is thought to play a role. Study of these diseases m the eye is of
pathcular umportance, for direct visual observations of the tissue
changes may be made. This organ is likewise particulatly suitable for
exp 1 study, Ni 1 iritis js thought to represent a
reaction due to bacterial hypersensitivity In ocular tuberculosis the
infl y reaction supposedly depends upon a sensitivity of the tis-
sues to tuberculoprotemn. Also, there is some evidence that sympathetic

phthialmia results from develop of sensitivity to the patient’s own
uveal tract pigment These hormones abolish the inflammatory phase
of the disease m all of these situations, There are certain well-defined
ccular allergic reactions in the rabbit, including the ophthalmic reac-
tion to foreign protein and the focal reaction produced in tuberculous
eyes by the systemic injection of tuberculmn, which are particularly suit-
able for experimental study of the effect of ACTH and cortisone. If rab-
bits are suitably sensitized to horse serum by repeated intravenous in-
jection and then given an antenor chamber inoculaton of horse serum,
a violent acular reaction with conjunctivitis, mntis, and hypopyon re-
sults This reaction develops after twenty-four hours and persists for
ten to twelve days It can be blocked by the previous admimistration of
cortisone or ACTH. When normal rabbits are moculated subcuta-
neously with a small amount of a six weeks old culture of human
tubercle baclh they run an asymptomatic course, and srx weeks later
they show cutaneous hypersensiivity to PPD  Three weeks later
these animals are given an anterior chamber injection of a small number

of tubercle bacilli After another period of three weeks. all animals show
d

of a s dary ocular tuk I with shght pencorneal

g and mmute tubercles m the s 1f these immuno-allergic
animals with early secondary ocular tuberculosis are given an injection
of tuberculin sy Iy, the d i eyc responds in twenty-four
hours with a violent mflammatory reaction This reaction 15 completely
PP d i the corts treated ammal If the amimals are kept on

cartisone an wteresting phenomenon 1s observed, The basic mflamma-
tory reaction associated with the tubercnlosis 1s not present. but the tu-
bercles 1n the 111s continue to increase m size, presenting a mcture of
progressive nodular tuberculosts of the eye devasd of the usnal inflam-
matory reaction (5). Although from these experiments 1t 15 quite clear
that cortisone has the ability to block the inflammatory phase of the
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allergic reaction, further experiments have shown that a similar block-
ing effect may be seen when the inflammation is not related to hyper-
sensitivity, It has been demonstrated that cortisone injections for sev-
eral days prior to the anterior-chamber injection and for five days
afterwards completely block the infl y reaction to the introduc-
tion of glycerin into the eyc. The instillation of an infusion of Jequmty
seeds into the conjunctival sac prod a violent conj This
inflammatory reaction can also be successfully blocked by ACTH or
cortisone (6). Such experiments as these confirm the clinical observa-
tions that ACTH and cortisone have a dramatic effect on ocular inflam-
matory and evudative reactions. One caunot assume that these hor
mones inhibit or influence the antigen-antibody reaction, as the inflam-
matory reaction caused by irritants applied for the first time is blocked
equally well. Experiments of this type in the eye may serve as a screen-
ing mechanism for comparing the value of other substances which may
be thought to have a similar action to ACTH and cortisone The cye
would also seem to be a suitable place for studying in detail biochem-
jeal changes which occur in these various types of mflammatory reac-
tion and the mechanism by which they are blocked when the level of
circulating adrenal bormone is high.
The dramatic effects of ACTH and cortisone in suppressing the ac-
hvxty of the disease process in rheumatic fever, theumatoid arthritis,
A Tupus erytt and periarteniis nodosa have been
repeatedly demonstrated. Of interest is the fact that these discases dis-
play a rather impressive group of phenomena known to occur as a part
of the anaphylactic reaction m serum sickness, including stenle and mt-
gratory pulmonary consolidation of a characteristic type. Focal collagen
tion of the anaphyl type 1s well known in rheumatord
arthnitis and 1s the basic lesion of the subcutancous nodule scen m ths
disease. It 15 well known that a given antigen may produce in different
indivaduals such widely divergent reactions as urticaria, asthma, pur-
pura, and arthritis, mamifestations which are seen during the cousse of
certamn of the above-mentioned diseases Rich and others have shown
that anatomical lesions similar to those seen m these so-called collagen
vascular diseases can be praduced m rabbits by anaphylactic hypersen-
sitwity, It has been of considerable interest to ‘observe that the produc-
tion of these lestons can be mhibited by the admi of ACTH
and costisone Rech and his colleagues have performed three separate
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experiments, comprising a total of 118 animals, all sensitized with horse
serum in the same manner and half of them treated with either ACTH
or cortisone, Of the 59 control ammals, 51, or 86 4 percent, developed
endocardutis, periarteritis podosa, or both, while such lesions were
found in only 23.6 percent of the ammals treated with one of these
hormones (7). This correlates well with the fact that healing of active
periarteritis nodosa in the human subject can be demonstrated during
the administration of ACTH or cortisone, Intubition of the \ascular
injury induced by 1 um hyp wity has been d

in the living animal by Ebert and hus cowarkers, utilizing the rabbut-
ear-chamber technique for observation of the tissues (8).

In the course of his experiments, using cortisone-treated rabbits, Tuch
found that many of the glomeruli showed a specific type of vascular
lesion These alterations consisted in focal aneurysmal-ike dilatations
of glomerular capillanes with mplure and hemorrhage or hyalm\zahun
of the tained blood or inspi d plasma, p:
masses in the tufts. These hyaline masses resemble closcly the 1suL\t9d
globular, hyalmzed masses that occur m the glomeruli of certain pa-
tients with diak 1t the Ki 1stiel-Wilson lesion (). Sim-
lar lesions have now been found 1n human subjects treated inteusively
with ACTH. These findings are of unusual interest mn that they clearly
demonstrate the production of a specific type of vascular lesion in the
presence of excessive amounts of a natarally occurnng hormonal sub-
stance.

Most of these observations which have been presented raise ques-
tions rather than answer them Many mmpressive clmical phenomena
have resulted from the admi of these | to patents
with a wide vanety of allergic diseases. Such clmical observations
should provide the stimulns for expenmental studies which may fur-
ther clanfy und ding of the hyy state and its relations
to naturally occurring disease, as well as to a better understanding of
the mechanism of action of the hormones themselves.
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Chapter 12

THE EFFECTS OF CORTISONE ON BACTERIAL
INFECTION AND INTOXICATION?

By Lewss Tuossss, Professor of Pediatsics and Medicine, American
Legion Memorial Rescarch Professor, University of Minnesota
Medicol School, Minneapolis

VVE.: ARE CONCERNED it this paper with an account of two sels of experi-
ments dealing with two sey an lated effects of
ortisone ia the rabbut—first, the pmducnon of Suscep'ubﬂlty to Jethat
mfection by living microorganisms, w this case group A hemq[)tm
streptocacci, and second the prod of pibibty to
ing vascular damage by certein bacteriaf toxius, in this case the toxins
o fand 5 . Yo addition, a third set of expers-
* T ersndes evidence that these dwo effects
-~hanism

Fust, .. . -~ nfection
{1). When normal rabbsts are p... oup 4
hemolynie sreptococet into the shin, there is an intense wias 1. smma-
tory reaction at the injected sete, which becomes visible within approvi-
mately eight hours, The affar usually ends with the skin mfection,
a3 Mo srymals do not usuglly develop posityve blood cultures or ex-

t ~ tformion

T e~ owfecton,
1 altera-
1 1y mim-
\o Ay
At ths tume, however, o 5
and “whon cartisone i5 continned the maority of dhe . -

wh © =4~ ten days after innculation
- 22 in Talle
1 . . d with
corisone, sephicermia occuttou . y-eight.

1 From the Pedutric Research Lahatataties, teart Hospatal, Unnersity of Minne-
sata Medical Schaol, Minneapohs
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In contrast, in a group of sixty control rabbits infected with the same

inocula of streptococei without cortisone, only eight developed septi-

cemia, and only five died.

ACTH, in a dosage of 5 mg every six hours, had a similar effect on
t 1 infection, as is 1ll i in Table 1.

st

14

TABLE 1

‘Tue Errecr of Connisone AN ACTH oy THE ReSPONSE TO INTRADERMAL
InrFecTiOV BY GROUP A STREPTOCOCCE IN RABBITS

Numberof Number Having  Number

Treatment Rabbits Bacteremia Dead
Cortisone ¢ 86 61 58
None 60 8 5
ACTH? 8 7 7
None 8 0 0

; @ Cortisone given daily in dose of 5 mg per kilo, beginning three days before in-
ection

> ACTH gven in dose of 5 mg per kilo 4 times daily, beginning one day before
infectron

The extent of septicemia in the cortisone-treated animals, as judged
by colony counts of the blood cultures, was remarkably at variance
with the general appearance of the animals Until a few hours before
death, and sometimes until the moment of death, the rabbits appeared
to be m reasonably good health, desmte the presence of many thou-
sands of streptococci per ml mn their blood.

Equally remarkable was the absence of evidence of tissue damage n
these amimals, either by gross or by mieroscopic inspection of the or-
gans The most stnking histological change was in the heart, and here
the tissues were not damaged, nor was there even tissue reaction, but

there was strep! 1 proliferation, as 1s shown in Figure 1.
This heart was placed m fixative immediately after death, and it may
herefore be 1 that the colony-like aggreg; of cocei were

present among the muscle fibers during life

The effect of cortisone could be prevented by treatment with peni-
cillim, pmvxded that it was begun within the first three days after in-
fection and given in extremely large doses. Desovycorticosterone and
additional salt in the diet, which have been reported to antagonize
other actions of cortisone, had no effect on the enhancemnent of infec-
tion by cortisone. The same was true of piturtary somatotropic hormone,
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which had no effect on septicemia or mortality when given daily in
doses of 10 mg per kilo (2).

Our studies of the effect of cortisone on the response to bacterial toxin
began as a series of relatively simple experiments designed to deter-
mine whether cortisone would nhibit the Shwartzman reaction. The
answer which was abtained was 1ly negative, but certain

b\

N AT
~ry

Ficure 1, Section oF MyoCsRDuM FROM A CORTISONE-TREATED
RasBir InFecTEp wiTn Grour A STREPTOCOCCI AND SACRI-
FICED Trnee Davs AFTen INFECTION

observations were made in the course of these experiments which may
have bearing on the mechamism of the Shwartzman reaction itself
These observations, reported in detail elsewhere (3, 4), may be sum-
marized as follows;

Furst, cortisone in doses of 25 mg or more per kilo per day, with a
Pretreatment peniod of three days, did not inhibit the local Shwartzman
reaction. This 15 shown 1 Table 2, 1n which it may be seen that the
Shwartzman reaction occurred m the same proportion of treated and
untreated rabints. The mtensity and extent of the skin reactions were
the same 1 the animals which received cortisone as in those which did
not. Similar results were obtamned with ACTH, m a dosage of 10 mg
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In contrast, in a group of sixty control rabbits infected with the same
inocula of streptocacei without cortisone, only eight developed septi-
cemia, and only five died.

ACTH, in a dosage of 5 mg every six hours, had a similar effect on
streptococeal infection, as is illustrated in Table 1.

TasLE 1

Tue Errect oF Cortisore AND ACTH ox THE RESPONSE TO INTRADERAMAL
InrFeCTION BY GROUP A StRCPTOCOCC! IN RaBRITS

Numberof Number Having  Number

Treatment Rabbits Bactesemia Dead
Cortisone ¢ 66 64 58
None 60 8 5
ACTH? 8 7 7
None 8 ¢ 0

; @ Cortisone given darly in dose of 5 mg per kilo, beginning three days before -
ection.

> ACTH given in dose of 5 mg per kilo 4 times darly, beginning one day before
infection

The extent of septicemia in the cortisone-treated animals, as judged
by colony counts of the blood cultures, was remarkably at variance
with the general appearance of the ammals Until a few hours before
death, and sometimes until the moment of death, the rabbits appeared
to be m reasonably good health, despite the presence of many thou-
sands of streptocoeci per ml in their blood

Equally remarkable was the absence of evidence of tissue damage in
these animals, either by gross or by microscopic inspection of the or-
gans. The most striking histological change was in the heart, and here
the tissues were not damaged, nor was there even tissue reaction, but
there was extensive streptococcal proliferation, as 1s shown in Figure 1.
This heart was placed in fixative immediately after death, and it may
therefore be d that the colony-like aggregations of cocci were
present among the muscle fibers during life,

The effect of cortisone could be prevented by treatment with peni-
allin, provided that it was begun within the first three days after in-
fection and gven in extremely large doses. Desoxycorticosterone and
additional salt in the diet, which have been reported to antagomze
other actions of cortisone, bad no effect on the enhancement of mnfec-
tion by cortisone. The same was true of prtuitary somatotropic hormone,
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infiltration than is seen in the prepared skin of normal rabbits. In addi-
tion, there were many areas in which the small vessels appeared to be
occluded by leukocyte-platelet thrombi, 2 lesion which has been shown
by Stetson () to be a charactenstic feature of the developing Shwartz-
man reaction after the intravenous injection of toun. In the prepared
skin of normal rabbits such thrombi were not seen

It was shown by Becker (7) and by Stetson and Good (8) that the
dermal Shwartzman reaction is completely prevented by nitrogen mus-
tard when this drug is given three days prior to provocation of the reac-
tion, We have found that the primary hemorrhagic skin reaction to toxin
in cortisone-treated rabbits is also completely prevented by nitrogen
mustard (4).

The systemic counterpart of the local Shwartzman reaction is the so-
called generalized Shwartzman reaction. It is produced by giving both
the first, or preparing, injection and the second, or provoking, injection
by the intravenous route. The charactenstic pathological lesion of the
reaction 1s brlateral cortical necrosis of the kidneys This lesion is illus-
trated m Figure 2, which shows the kidney of a rabbit which received

s ]

Ficure: 2 KINEY OF A
RapsiT wrTi THE GEN-
ERALIZED SHWARTZMAN
ReacTion PRODUCED BY
Two INTRAVENOUS IN-
JECGTIONS OF MENINGO-
coccaL ToxiN

two i jections of ing 1 toxin spaced twenty-four
hours apart As in the dermal Shwartzman reaction, it 1s essential that
two mjections be given and that there be a suitable time interval be-
tween the 1yjections A single mtravenous mjection of toxin does not
produce this reaction in normal rabhts, even when the amount of toxin
1s many times greater than the amount required to produce renal necro-
sis when given in two divided doses The only circumstance in which a
single mjection of toun has been reported to cause the generalized
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every six hours, following a pretrcatment period of two days. In fact,
the Shwartzman reaction occurred more rapidly and with greater in-
tensity in the ACTH-treated rabbits than in the untreated controls.

It was next observed that cortisone produced an effect which seemed
to be the equivalent of ane phase of the Shwartzman reaction. It will be
recalled that the Shwartzman reaction involves two separate stages (5).
The first stage is “preparation” of the skin, which is brought about by
the intradermal mjection of toxin from a variety of gram-negative or-
ganisms An optimal period of eighteen to twenty-four hours is required
for preparation to take place. During this time the skin shows a vigor-

TAbLE 2

Tue Errect oF CorTisonE AND ACTH ox 1uE DersaL
StwarTzMAN ReacTiON

Bactenial Numberof Number Having

Treatment Toxin Rabbits Positive Reactions
Cortisone ¢ Menmgococeal 6 6
S. marcescens 10 9
ACTH*® Meningococeal 6 8
None Meningocaceal 6 6
S. marcescens 10 9

s Cortisone given in a dose of 25 mg per kilo, beginning three days before prepara-
lm;]ACTH gwven 1n dose of 10 mg per kilo 4 times daily, begmning two days before
preparation
ous local inflammatory reaction, with a moderate degree of erythema
and edema. The second stage is “provocation” of the reaction, and this
is plished by an mnt anjection of small amounts of the
same or other bacterial toxms. Within two to three hours after the in-
travenous provocation, the prepared skin area exhibits multiple pete-
chial hemorthages which rapidly coalesce, and hemorrhagic necrosts
of the skin 15 the final result

In cortisone-treated rabbuts, the first stage of this reaction was very
different. Instead of edema and erythema, the injected skin site showed
no visible reaction dunng the first twelve hours After about twenty
hours the area became somewhat pale, and then numerous small pete-
chiae appeared‘ Usually these remamed discrete, although sometimes
d an app strongly r bling a mild

they caalesced and pres

Shwartzman reaction
Histologically, the skin tissue showed much less inflammatory cell
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Froure 4 KiDXEY oF A
CORTISONE-TREATED RAB-
Brr wHicH ReECEneD A
Soncre IntrAvENOUs In-
JECTION OF MENINGOCOC-
car ToxiN, SHowing Bi-
LATERAL CorTican Ne-
CROSIS

‘The result is iltustrated in Figure 4, which shows the kidney of a corti-
sone-treated rabbit which died within thirty hours after a single intra-
venous injection of meningococeal toxin, the lesion is bilateral renal
cortical necrosis. Identical renal lesions were produced by a single

int inj of § toxin 1n cortisone-treated rabbts,
with an maidence of appm“ma!ely 70 percent, ass 111ustmted in Table
8. Ints gross and mi P including the same deposit

of hy hilic, Schuft positive matenal within glomeru-

lar capdlanes the lesmn was indistinguishable from the renal lesion of
the generalized Shwartzman reaction. In addition to the renal lesion,
similar hemorrhagic and necrotizing lesions occurred m lungs, lver,
spleen, and ntestines

The generahzed Shwartzman reaction produced by two imections of
toxin and the reaction in cortisone-treated rabluts given one injection

TanLe 3

THE PRODUCTION OF BrraTERAL RexAL CorTicaL NECROsIS 1v CORTISONE-
TREATED RABBITS BY A SINGLE INJECTION OF BacTERiaL Toxiy

Fxperimental Number of Number Having Blateral
Procedure Rabbus Reral Gartical Necrosis

25 mg cortisone daly

for 4 days, 04 mg §

marcescens toxini v

on 8d day 100 70
25 mg cortisone daily

for 4 days, no toun 50 o

04 mygS marcescens
toxin1v ,nocortisone 150 0
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Shwartzman reaction in rabbits is in pregnancy (9), which is of partic-
ular interest in the light of the observations to be deserbed.

In all of the kidneys with this lesion, the glomeruli, as shown in Fig-
ure 3, contain extensive masses of homogeneous eosinophilic matenal
within the glomerular capillaties. This material appears very early in
the renction, before there is any gross evidence of cortical necross. Its
nature is not known. It does not appear to contain formed elements,

3

»

C YRR

hu._' &)

L 3
Freure 8. GroMEeruLus oF KipNEY wiTH EARLY BiraTeran Con-
TICAL N H MatEriar OccLuping

rHE CAPILLARIES

platelets, or leukocytes In preparations stained by the Hotchkuss per-
iodic acid method, the material s strongly Schif positive (4), Hemor-
rhagic and necrotizing lesions also occur 1 other organs, including
langs, liver, spleen, and the gastromtestnal tract

This, then, is the generalized Shwartzman reaction produced by two
intravenous injections of toxin As we have already seen, an mtradermal
1wjection of toxin in cortisone-treated rabbuts causes a “primary” hemor-
rhagre skin leston resembhing the local Shwartzman reaction It uias
obviously wnportant to determine what effect a smgle ntrayenous in-
jectron of tosin would have in mbbits pretreated for three days with
cortisone.
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These observations indicate that sufficient absorption of toxin from
the skin occurred in the cortisone-treated rabbats to produce the kidney
Iesion of the generalized Shwartzman reaction. Since the dose of toxin
was the same as the amount required by the intravenous route, it can be
assumed that a considerable proportion of the toxin was absorbed.

TABLE 4

BiLATERAL RENAL ConmiCAL NECROSIS AFTER A SINGLE INTRADERMAL
INJECTION OF §. MaRCESCENS ToXIN 1N CORTISONE-TREATED RABBITS
Expertmental Number of Number Having Bilateral
Procedure Rabbits Renal Cortical Necrosis
25 mg corhisone daly
for 4 days, 04mg S.
marcescens toxin in-
tradermally on 3d day 8 7
21v injections of 0 4
mg S. marcescens
town, 24 hours apart,
10 cortisone 4 4
0 4 mg S. marcescens
ton 1 v, followed

24 hours later by 04
mg intradermally, no
corlisone 4 0
It seemed possible that a parabl e hanism involv-

h bl

T
ing internal tissues, a normally resp for the removal
or fixation of tovn cireulating in the blood, might be similarly impaired
by cortisone, thus allowing toxin to circulate for a longer time or to
act on tissues which are normally protected.

One protective mechanism which seems to be involved in the reac-
tion to this class of toxans 1s the reticulo-endothehal cell system. Beeson
(11) has shown that blockade of these cells by thorotrast or trypan
blue results in an increased susceptibility to the dermal Shwartzman
reaction. Also, the marked vulnerability of lymphoid tissues to hemor-
rhagic necrosis in the local and generalized Shwartzman reactions sug-
gests that localization of toxin may oceur in such tissues And finally, 1t
15 known that cortisone causes dissolution and atrophy of lymphod tis-
sue, presumably a source from which reticulo-endothelial cells may be
denved, and 1f such cells are involved in defense against bacterial toxn
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of toxin were both prevented completely by nitrogen mustard, with the
same dosage of mustard which was previously shown to prevent the
local Shwartzman reaction (4).

In attempting to account for these effects of cortisone, several possi-
bilities were considered. The first, in view of the known effect of corti-
sone on infection (10), was that systemuc infection by other bacteria
may have been activated by cortisone, thus taking the place of the pro-
voking stimulus for both the Jocal and the generalized Shwartzman re-

actions. This cannot be entirely excluded, but d negative cul-
tures of the blood and the tissues of rabbits wmz positive reachons
indicate that the explanation is er Another possibility is that

the cortisone-treated animals may have a reduced capacity to localize
toxin or to remove it from the blood, with the result that the vascular
bed is exposed to recirculatmg toxn for a longer time than in normal
rabbits.,

One wdirect approach to this was to study the effect of cortisone on
the retention of toxin in the skin. It is known that i normal rabbits the
bactenal toxins employed for the Shwartzman reaction are absorbed
only to a small extent, if at all, when injected into the skin. Animals
show no evidences of systemic mtoxication following intradermal in-
jections of amounts of toxin which would be rapidly Jethal if given by
vein Moreover, neither the local nor the generalized Shwartzman reac-
tion can be elitated when the second, or provokmg, injection 15 given
intradermally instead of intravenonsly.

This capaeity to retamn todin m the skin 15 lacking in the cortisone-
treated rabbit, and the end result of an intradermal injection of toxin
15 the same as if the toxin were given by vein. The experiment shown in
Table 4 illustrates this finding. In the first group are eight rabbits
treated with cortisone and mjected intradermally wath prodigiosus
toum in a dose of 0.4 mg, the amount of toxin which 15 requu‘ed for
the consistent production of renal is when given i
Seven of the eight developed bilateral cortical necrosis of the kldneys
The second group showed the conventional generalized Shwartzman
reaction, with two intravenous injections of the same amount of toxin
in normal rabbuts; all of these animals developed renal necrosss. In the
third group, also without cortisone, it 15 shown that the reaction does
not occur when the amimals are prepared by an intravenous injection
and then given the same amount of toun mtradermally.
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‘TABLE §
Breatenal Rexan Cormican Necrosts Axp DEaTH 18 Ramsrrs GIvEN A
SInGLE InTravENOUS INjreTioN oF MexmncococcAL ToxiN Six
HOURS AFTER AN INJECTION OF THOROTHAST

DILUTION THORGTRAST 8 1oURS
oF ToRIN ¢ BEFORE TOXIN NO THOROTRAST
Number Num- Number Hlaumg Number Num- Number Haung
of ber  Biateral Renal of ber  Bilateral Renal
Rabbits Dead Cortical Necrosts  Robbits  Dead Cortical Necrosis
1-20 9 9 ¢ 10 1 Q
1-80 9 9 2 6 0 0
1-320 9 9 8 12 0 0
1-1280 6 6 5 4 0 0
1-5120 6 3 4 4 0 0
1-10,000 6 ] 3 4 0 [
1-50,000 4 0 [} 4 ] 0
No toxn 10 0 ] 0 0 0

o Thorotrast (Heyden Chemical Corp ) given 1 dose of 8 cc per hilo, intra.
enously
dermal injection of toxin in thorotrast-treated rabbits—namely, pete-
chiae appeared in the skm on the following day, and the anmmals died
with renal cortical necrosis.

Tt is obvious that thorotrast and trypan blue may have many other
biological effects aside from their action on reticulo-endothelial cells,
and this phenomenon may be due to some mechanism other than block-
ade A pomt in favor of its being blockade is that when the order of in-
jections was reversed and thorotrast was given a few hours after toxin,
instead of before, the animals did not become 1ll, and the kidneys re-
maned normal {12),

We have suggested that the effect of cortisone on the response to a
smgle 1njection of toxin may be imitated by interference with the retic-
ulo-endothehal system by toxin itself, or by blockade with thorotrast
The hypothesis would be strengthened 1f 1t could be shown that the
other effect of cortisone described m this paper—the enhancement of
streptococeal infection—could also be imitated m this fashion,

To test this, rabbits were injected mtravenously with thorotrast and
six hours later were given an injection of streptococet in the skin. It wall
be recalled (lmt m cortisone-treated rabbits the local shin reaction to

f is markedly diminished and that the animals
rcgu\a!\y develop streptococeal septicemia Sumiar rinimal shin reac-
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one might expect to see increased vulnerability in cortisone-treated
animals.

With this in mind, the following working hypothesis was formulated
for testing: The vascular necrosis which characterizes the generahized
Shwartzman reaction results from the action of bactenal toxin. In
normal animals this kind of tissue damage is prevented by the efficient
functioning of the reticulo-endothelial cells, swhich remove or fi such
toxins, When these cells are unable to function properly, an intravenous
injection of tovin will produce generalized damage to blood vessels.
This state of affairs is created 1n the generalized Shwartzman reaction
by the first, or preparing, intravenous injection of totin, which is taken
up by this system of cclls and alters their function so that they are un-
able to interfere with a second intravenous injection of toxin twenty-
four hours Inter.

1f this is the correct supposition, it should be possible to create the
same expenmental conditions by interfering in other ways with the
function of the reticulo-endothelial cells Thorotrast and trypan blue
have both been shown to be taken up by these cells, and both of these
colloidal materials have been employed for “blackading” the RE sys-
tem. Accordingly, the following evpeniment was performed. Rabbuts
swere given an intravenous mjection of bacterial tovin at varying periods
before and after an mnjection of thorotrast or trypan blue. The results
were clear-cut (12), When the toxin was given six hours after thoro-
trast, or after trypan blue, the generalized Shwartzman reaction with
bilateral cortical necrosis of the kidneys occurred in all animals, except
for those which died within too short a time after the mjection of the
toxn for the gross lesions to develop. Table 5 shows the incidence of
renal necrosts and death o rabbits given varying amounts of meningo-
coccal tonn sis hours after an any of t pared with the
results obtained with the same doses of tovin without thorotrast, It mey
be seen that the lethal effect of toun was tremendously enhanced by
thorotrast. By itself, thorotrast cansed no deaths or renal lesions.

Another paint of resemblance between the effect of thorotrast and
that of cortisone was 1 the reaction to toun mjected nto the shin It
will be recalled that the cortisone-treated rabbits developed petechual
hemorrhages m the mjected skin area, and also showed evidence of
sufficient absorption of toun from the skin to produce lateral cortical
is of the kidneys Similar events occurred after & single mtra-

NeCros!
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neys or other organs. The incidence of septicemia and death in a group
of rabbits given streptacocci after toxin is shown i Table 7.

Summary —Two apparently separate effects of cortisone have been
described: first, the effect on susceptibility to infection by Group A
hemolytie streptococei, resulting m lethal septicemia; and secondly, the
effect on the susceptibility to vascular damage by bacterial tovins, re-
sulting in lesions resembling the generalized Shwartzman reaction.

TapLe 7

Tie EFFECT OF AN InTRavENoUs INJECTION OF MENINGOCOCCAL ToxiN on
TiE RESPONSE TO A SUBSEQUENT INjECTION OF GROUP A STREPTOCOCCI

Number of
Expermental Procedure Rublits  Number Dead

Intravenous meningococcal toxn,

followed by mtravenous strep-

tocoeei 12 hours later 9 8
Intravenous meningocnccal toun;

no streptococei 8 0
Intravenous streptococei, no toxin 6 0

In an attempt to account for these effects, a working hypothesis has
been set up 1n which it is suggested that cells of the reticulo-endothelial
system are implicated 1n defense against both streptococcal infection and
bacterial toxin The effects of cortisone, 1t is suggested, are due to inter-
ference with the normal functioning of this system of cells.

In support of this hypothesis, it has been shown that reticulo-endothe-
hal blockade by thorotrast, or by trypan blue, creates a state of affairs
which is comparable to that produced by cortisone A single injection
of toxin produces the vascular lesions of the generahzed Shwartzman
reaction, and an mjection of P i results in septicemia and
death

It is suggested that an effect which is analogous to that of cortisone
may account for the occurrence of the generalized Shwartzman reac-
tion when a strep 1s followed by an injection of bac-
terial town, as well as for the occurrence of lethal septicemin when the
order of mjection is reversed and streptococci are giwven followmg a toxn
injection, These events may result from the ability of each of these
agents to interfere, dunng a crucial period of time, with the capaaity
of the reticulo-endoathelial cells to defend the host against the other,

As an experimental model, this has much to offer in the study of cer-
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tions accompanied by pasitive bload cultures accurred fu the thorotrast.
treated rabbits, Moreover, the lethal effect of streptococcal infection
was greatly enhanced by thorotrast, when streptococei were infected
intravenously after an injection of thorotrast. These events are illus-
trated in Table 6.

Tasce 6

Tie ErFect or THOROTRAST ON THE RESPONSE TO INFECTION BY
Grour A SYREPTOCOCCK IN RameITs

Number of
Experimental Procedure Robbits  Number Dead

Intravenous thorotrast followed by

intravenous streptococci 6 hours

later 10 10
Intravenous streptococer, no thoro-

trast 10 1
Intravenous thorotrast, no strepto-

coect 10 0

On the basis of these observations, there is reason to suspect that
toxin, thorotrast, and streptococei may each be taken up by the same
defense cell system. We have implied that competition for these cells
may exist between thorotrast and toxin, and between thorotrast and

trey i. The next question is whether competition of the same sort
can be demonstrated between toxm and streptococei.

First, we studied the effect of streptococei following the mjection of
toxin. When a systemic infectron was produced by an intravenous injec-
tion of streptococci and this was followed after twenty-four hours or
longer by an intravenous injection of ing 1 or § marc
toxi, a vialent form of the generalized Shwartzman reaction occurred
(13) The kidneys showed bilateral cortical necrosis, and many hemer-
rhages appeared in other tissues, including heart, lungs, and spleen.
With adeguate doses of strep and toum, this reaction could be
produced in more than 75 percent of the animals

When the order was reversed, the streptococer bemng mijected some
hours after, instead of before, the toxm, the reaction was entirely

offid Instead of developing the lized Shwartzman reaction,
these animals develop mu Bel i smmilar
to that observed in the animals gn'en thomtmst or comsone, and at
antopsy no hemorrhagic or necrotizing lesions were present in the kid-
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OBSERVATIONS ON ADRENAL CORTICAL
HORMONES IN PNEUMOCOCCAL AND IN-
FLUENZA VIRAL INFECTIONS AND IN
MALARIA

By Epwarp H. Kass, Scnior Felfow in Virus Discases of the Na-
tional Rescarch Council, QUENTIN M GERMAN, AND MaxweLL Frv-
LAND

'En: 1NrrIAL sTupies on the effects of adrenocorticotropic hormone
(ACTH) on lobar and viral pneumonias in man (1-2) are summarized
in Figure 1, which shows what happened when a patient with type 8
pneumococeal pneumoma was given ACTH without antibiotics. This
patient, and others so treated, underwent rapid defervescence following
institution of therapy, with striking relief of symptoms and of such evi-
dences of toxicity as malaise, anorea, and lassitude. However, pneumo-
coccr persisted for weels in the sputum and throat cultures, and bacte-
remia was d d more than twenty-four hours after the patient
was entirely afebrile and asymptomatic. In another patient (Figure 2),
spread of the pneumoma to other lobes was observed during hormone
therapy, whle the patient was
developed empyema
lly, such stnking di of the clinical response from the

bactenologie status prompted further nvestigation. Several explana-
trons for this paradoxical effect were suggested. The possibility that
ACTH causes release of antibodies was largely ruled out when 1t was
demonstrated that these patxents showed no increase 1n arrculating anti-
bodes foll of h specific agglutinins and
mouse protective antibodies appeared at the time when they would
have been expected in the normal course of these infections.

In mice ACTH did not confer any increased capacity to survive ex-
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tain complex disease states in which more than one infectious agent or
toxic substance may be involved.
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perimental pneumococcal infection; this was true even when the ani-
mals were partially protected by the prior administration of antibody
(8). Indeed, infected mice treated with cortisone died sooner than the
infected untreated controls, and the protective action of the anttbody
was diminished significantly.

In the case of influenza A infections (3), to which some immunity ex-
ists in adult mice, the lethal dose of virus was decreased by treatment
of the mice with cortisone. ACTH, however, did not alter the lethal titer
significantly even when used in very large doses. Neither hormone
altered appreciably the rate of multiplication of the virus in the host

PNEUMOGOCCAL PNEUMONIA TREATED WITH "ACTH"
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From Kass, Ingbar, and Finland (2)

lung, nor did they affect the maximum concentration of virus in the
lungs. Other workers (4) have demonstrated a slightly unfavorable
effect of ACTH on mortality in mice mfected with influenza viruses,
with no significant difference in the viral content of lungs of hormone-
treated animals and untreated controls. The deleterious effect of the
hormones must have been exerted, not so much on factors which inhibit
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instances this has occurred in the absence of previous clinical evidence
of the presence of any active tuberculosis (17) There are clear indica-
tions, experimentally, that organisms which are not usually fatal for
certain hosts may become rapidly invasive and produce fatalities when
the host animals are receiving one of these hormones (18-19).

Metabalic studies were instituted to determine whether during a
severe mfection, such as lobar pneumonia, some of the changes induced
by the infection could be reversed by ACTH. The urinary ecretion of
various metabolites during the administration of ACTH to patients with
lobar pneumonia was compared with the pattems of excretion during a
tuelve to eighteen hour control period. The patterns of excretion of
electrolytes, phosphate, unc acid, and creatinine were consistent with
changes which aceur in the healthy individual receiving ACTH, and
they were also consistent with the changes which have been observed i
many mfl y, ncopl and d ive disorders studied
the same manner.

Four patients suffering from pneumenia were studied to determine
the metabolic patterns m the acute disease unaffected by the adminis-
tration of AGTH or cortisone (7). These patients were treated with
peuicillin, commencing 1218 hours after admission, and were given
weighed diets and 8-10 grams of sodium chloride daily. Acute studies
of this type under adequate control are dufficult to perform and to
evaluate, but the data obtained indicated that dunng the acute phase
of the illness there were striking losses of potassinm and mtrogen, with
retention of sodium and chlonde. The potassium deficiency could not
be esplained on the bass of nitrogen loss alone. At the same time the
excretion of corticoids and 17-ketosterods was mereased Dunng re-
covery there was retention of potassium and loss of the excess sodiam
and chlonide The results of this study were consistent with evpecta-
tions Suffice 1t to say that the metabolic changes 1n pneumonia are simi-
Iar to those induced by the administration of ACTH or cortisone There
are not sufficient data to delmeate the role of adrenal cortical hyperac-
tivity in accounting for the changes seen

During the studies on the antipyretic action of ACTH, the opportu-
nity presented itself to observe the effects of this hormone 1 thera-
peutic bemgn tertian malaria in a young paretic ‘The periodicity of the
paroxysms and the height to which the fever rose were not affected by
ACTH, but defervescence was slightly accelerated When the parasites
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multipheation of virus, as on the capacity of the host to survave in the
presence of high doses of virus.

Acute toxicity likewise was not reduced by AGTH or cortisane (5-6).
When infh a virus, rick in 1 or 8.
typhosa endotoxin was injected intravenously in sufficient dosage to
cause acute death, animals were not protected by treatment with
ACTH, and pretreatment with cortisone accelerated slightly the fatal
reaction to tovic mtravenous doses of influenza virus (7).

Observations of this sort have been made in a wide variety of bac-
terial, viral, protozoal, and fungal infections m man and in experimental
animals, as the presentations at this and other symposia (8) attest.
There is general agreement that cortisone, in sufficiently large dosage,
depresses resistance to infection, and there are many mdications that
ACTH does the same

Oae effect of ACTH and cortisone sn various infections which seemed
consistent was the antipyretic action, since in man and in rabbils
ACTH reduced the febrile responses to injected pyrogens (9-11). Swi-
lar observations have been made by others using cortisone in rabbits
(12) More recently 1t has been demonstrated that ACTH also is hypo-
therme in its effect and reduces basal body temperatures as well as the
febrile responses {11).

It has become increasingly apparent, therefare, that these hormones
may alter the climcal response to mfectious agents and change or ob-
literate many of the usual chnical mamfestations of nfection. The
chnical mplicatons of these findings are now well known, They dem-
onstrate the fallacy of using the patient’s apparent clinical response as
evidence of a beneficial effect exerted by these hormones Secondly, they
demonstrate that the danger that severe infection may occur in patients
undergoing treatment with these hormones 15 a particularly senous
problem, because the patients smay often fail to manifest the usual evi-
dences of such mfection. Furthermore, there 15 reason to expect that
chronic or latent pre-existing mfections may he aggravated 1 many w-

stances.

There are now many examples i the Lterature of severe and even
fatal sepsis accurting in patients who were receiving ACTH or cort-
sone in whom there was no evidence chimscally to suggest infection of
such severity { 13-18). There is also evidence of dissemmation of tuber-
culous infection in patients recerving ACTH or cortisone, and in some



ADRENAL CORTICAL HORMONES 167

jected into the rear foot pad, the popliteal node draining the area be-
comes hyperemic, edematous, and 15 colored a deep red by the injected
erythrocytes, which are seen on section to be Jargely within the macro-
phages of the node. Within a day or two, erythrocytes are no longer
discernible as such within the macrophages, and within two or three
days the red color of erythrocytes has virtually disappeared from the
node. In animals treated with cortisone, however, the erythrocytes per-
sisted in the nodes for as long as ten to fourteen days. This observation
suggests that, apart from a possible effect on phagocytosis that has been
observed by others (24), cortisone may reduce the functional capacity
of macrophages to dispose of ingested paticles, and the studies re-
ported by Thomas and by Lurie in this symposium are consistent with
such an interpretation

1t is also conceivable that cortisone may delay the rate of absorption
of injected material from the local site of deposition and hence account
for the continued appearance of injected material in the regional nodes
of cortisone-treated animals It is possible that both delayed resorption
from the local site and delayed disposition by the phagocytes may result
from the injection of cortisone.

The present status of the mechanisms by which ACTH and cortisone
may reduce susceptibility to mfectlon is summarized below. These

have all been d d m detail at this symposium.

Errects o ACTH axp Cortisove Wrck MAY INCREASE
SUSCEPTIBILTTY TO INFECTION

L. Inhibition of inflammation
a. Inhibition of phagocytosis
b Decrease of capillary permeability
. Decrease of fibrogenesis
2. Inhibition of ion of antibod;
8. Negative mtrogen balance
4 Inhibition of reticulo-endothelial actvity

Induced depression of resi may be of diag; aid. It has
been shown, for example, that adult mice, usually insusceptible to the
Covsackie viruses, may be rendered susceptible to one of these viruses
by pretreatment with cortisone (25-26). This phenomenon has been
shown for other viruses as well (26-27). We have attempted to use
cortisone as an aid to the establisk of i viral i ions in
mice. Throat washmgs known to contain virus from studies in eggs were
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in the blood stream were counted, they were found to be unusually
numerous, Two additional patients with induced malaria due to P.
vitax were therefore given ACTH, and the degree of parasitemia was
compared with that in seven control patients. It was apparent that the
admimnistration of ACTH was iated with # d bers of
parasites in the blood (20). The studies were extended to the mahgnant
quotidian infection of rhesus monkeys (Macaca mulatfa) caused by F.
knowlesi (7, 21). It was found that each of four ACTH-treated mon-
keys developed hemoglobinuria, whereas only 20 percent of a large
control series developed this complication under the standard condi-
tions of the expenment. There is less than one chance in a hundred that
the difference in the incidence of hemoglobinuria was the result of
chance alone The survival time of the treated monkeys was no greater
than in controls, but the freated monkeys, up to the time of death,
showed normal activity and none of the clinical manifestations of acute
malaria caused by P. knowlesi.

Rodent malaria caused by P. berghei is an infection which usually
undergoes spontaneous remission. However, when rats were treated
with cortisone and infected with this plasmodium, the animals almost
always succumbed In control rats in which spontaneous remission had
occurred, the admimstratton of cortisone, if begun within a few days,
was usually followed by relapse and death of the host {7). Comparable
findugs have recently been reported with P. relictum in pigeons (22).
In this disease, corhisone also induced relapse soon after an attack, but,
as in rodent malana, the relapse could not be mduced if remission was
prolonged. It has also been shown rccently that in henign primate
(M. mulatia} malana caused by P. cynomolgi parasitemia was greater
in treated ammals than in controls, and the hormone mduced recru-
1 in chronically mfected monkeys (23).

The observations on malaria were of particular interest, because m
this disease the charactenstic pathologie changes are not those of acute
mfammattan  Furthermore, sice the predominant defensive mecha-
nism 1 malarta 1s the retrculo-endothehal system, these observations
suggest that ACTH and cortisane may have inhibited reticulo-endothe-
lial activsty

Further evidence that fi 1 der t of the reticulo-end
thehal system may be mduced by cortisone derives from the following
rvations (7) When a rabbt’s own erythrocytes are washed and in-

obse
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glands show that although these glands produce relatively large
amounts of compounds B and F :\f!er initial stimulation with ACTH,
d stimulation leads to g proportions of compound F. If
cnmpolmd B should prove to have no d P effect on mecl
of resistance to infection just as it has no anti-arthritic effect, then the
effect of ACTH would depend upon the relati e amounts of compaunds
B and F produced by stimulation of the adrenal cortices. It is even con-
ceivable that in some animals steroids other than cortisone or hydro-
cortisone may be secreted under the influence of ACTH. Such a possi-
bility is supported by the stnking finding of Bush (32) that some lab-
oratory animals do not have sigmficant amounts of hydrocortisone in
their adrenal glands, but instead appear to make only corticosterone
(compound B). These are obriously paths for future im estigation.

It has been assumed that the capacity of cortisane and hydrocorti-
sone to reduce inflammation and depress resistance to infection is di-
rectly related to the clinical responses mduced by these steroids. If this
is so, it should follow that compound B, although a product of the
adrenal corte, should have no effect on inflammation or on resistance
to infection. This hypothesis is under examination at the present time.

1t is also possible that cortisone depresses resistance to mfection more
than does compound F and that the assumption that depression of re-
sistance is directly related to therapeutic efficacy 1s mcorrect. Such a
possibility cannot be dimissed at present, because of the frequency
with which 1m estigators have nated that in patients who manifested
straking clinical smyp after the ad ion of ACTH or cor-
tisone there was not always a noticeable d in the infl y
response or 1n the rate of healing of various lesions. Furthermore, clin-
1cal improv ement has not necessanly been associated with a decreased
capacity of the patient to respond to inflammatory imtants, whether
antigenic or nonantigenic, and antibody levels have not always been
depressed by ACTH or cortisone Although these observations may
represent only differences of degree, the possibihity cannot be excluded
that chinical effects and depression of some aspects of resistance may be
separable phenomena.

The relative effects of compounds E and F on i ion are theref
under mv eshg;mon When the acetates of cortisone and hydrocortisone
were P pound F did not ificantly alter

whereas the same amount of corisone markedly depressed resistance of
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passed through cortisone-treated, as well as control, mice There were
no more frequent recoveries of virus from the hormone-treated animals
than from the control animals. Throat washings which were negative in
eggs were also invariably negative in cortisone-treated mice. When in-
fected allantoic fluids were passed through mice, animals which had
been treated with cortisone frequently succumbed to such viruses with
characteristic pulmonary lesions, but serial passage of allantoic fluid
virus through cortisone-treated mice did not make the viruses more
virulent for control mice (7).

The drfference in the effects of ACTH and of cortisone on resistance
to mfection in experimental animals was previously mentioned. It is
not at all clear that this difference exists in man, and there is not, at
present, any acceptable evidence that m man one of these hormones s
more likely than the other to depress mechanisms of resistance to in-
fection The differences observed in expenmental ammals may be ex-
plained in several ways

In the first place, ACTH has usually been given to animals by intra-
peritoneal or subcutaneous routes, It 15 now known that these are rela-
tively wasteful routes of injection and that hence only a small propor-
tion of the imjected hormone is actually providimg a sustained stimulus
to endogenaus secretion by the adrenal cortices of the host. Further-
more, when sufficiently large doses of cortisone are mnjected subcuta-
neously or intramuscularly, the effects of the hormone may be demen-
strated for seven to ten days after the last dose. On the other hand, even
with large doses of ACTH an effect 1s rarely sustained for more than

twelve hours after ntrapentoneal, sut ous, or i lar 1n-
jection (7).
Another possble expl of the duff in the effects of ACTH

and cortisone 1n nfections may be that this reflects some spectes dif-
ferences m the nature and amount of the adrenal cortical secretions
Only cortisone and hydrocortisone of the steroids so far tested have
altered significantly the clmcal course of rheumatord arthnitis and re-
lated disorders (28). The studies of adrenal vein blood and adrenal
g!:md perfusates indicate that the principal secretions of the adrenal
cortex are cortil It 3t d B) and 17-hydroxycort

(wmpound F, or hydrocortisone). This is true of the glands ?f oxen
and dogs, and there is evidence to sugrgest that it is also true in man
(29-31) However, the ingenious studses with perfused bovine adrenal
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conceivable that synthesis of antibody would be affected. This possi-
bility is under investigation, and preliminary data suggest that the in-
crease in PNA which follows the injection of antigens is significantly
less in cortisone-treated rabbits than in untreated controls, These
changes in nucleic acid concentration may simply reflect alterations in
cellular growth patterns rather than direct interference with PNA me-
tabolism, but they are, nevertheless, of some interest.

From the clinical point of view, the question arises whether there are
instances in which ACTH or cortisone should be used solely for their

ly beneficial effects, The simultaneouns use of
anhblohcs and of cumsone has been suggested by some workers as a
means of abbreviating the acute toxic phase of an infection thereby,
perhaps, also shortening the period of convalescence (40-43). This is
an interesting line for investigation, but requires great care in order to
evaluate it properly. Just as the protective effect of antipneumococeal
serum was reduced by cortisone therapy, so it was found that the
amount of penicillin which protected mice infected with pneumococci
was inadequate to protect similar cortisone-treated mice (7). Some of
the observations reported by Thomas at this symposium also indicate a
diminished effectiveness of pemcﬂhn in cortisone-treated amimals.

In expermmental tul the bination of in and
cortisone is less effective than streptomycin alone (44) Finally, it
should be pointed out again that in the mice with influenza viral infec-
tions cortisone seemed 1 some manner to reduce the capacity of the
host to survive an otherwise nonfatal ion of virus Obvil
then, great care and proper statistical evaluation of the results will be
necessary before 1t can be decided whether combined cortisone and
antimicrobial treatment will prove of value.

Another instance in which the use of ACTH or cortisone may be con-
templated is in the treatment of acute adrenal insufficiency that is al-
leged to occur dunng infection, This is a most difficult subject to evalu-
ate at present. Such d as Waterh . Friderich
and acute diphtheritic mntovication have become 5o uncommon that the
data on the use of adrenocortical hormones consist of isolated reports
that cannot be evaluated against the natural history of these diseases,

larly as they are infl d by modemn icrobial therapy.
In experimental intoxications with diphtherial or meningococeal toxins
(45), as in the toxemias induced by the acute toxic action of influenza
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partially p d mice to p i and to infl A virus (7},
These data are as yet incomplete and may not be pertinent, because it
has been shown that compound F acetate is not very active metabol-
ically after intramuscular injection (83), whercas the unesterified ma-
terial is active by this route, In our experiments the hydrocortisone
acetate was given subcutaneously and might not have been effective by
this route. Furthermore, 1t must be shown that in mice the rates of ab-
sorption of compounds E and F after subeutaneous administration are
comparable if comparisons of activity between the two are to be entirely
valid.

It was also of interest to determine whether growth hormone might
severse the effects of cortisone on resistance to infection Through the
kmdness of Drs. M. 8. Raben and E. B. Astwood we obtained growth
hormone of such ngh potency that 2.5 mg contained between 50 and
100 times as much hormone as was necessary to maintain normal
growth in hypophysectomized rats. This amount of growth hormone
was given daily to mice and failed to reverse the effect of cortisone on
pneumococeal and influenza viral infections (7). This finding is in dis-
agreement with those of other workers and requires further study (84).

A few limited observations that may have some bearing on the mech-
anism of reststance to infechon may be added It is now recogmzed
that one effect of the administration of ACTH or cortisone is lympho-
cytopenia, with panying evidence in lymphoid structures of lysis
of lymphocytes and atrophy of lymph nodes. Furthermore, when anti-
genie substances are njected into the paws of rabbits, the regional
nodes become hyperplastic and there are sigmficant increases in the
pentose nucleic and (PNA) fons which coincide with the
appearance of antibody in the nodes (35-36). Because cortisone may
depress antibody formation mn rabbrts (87-38) it was of interest to de-
termine the effect of cortisone on the nucleic acid contents of the po-
phteal lymph nodes of rabbts.

It was found that despite the destruction of lymphocytes and the
atrophy of the lymph nodes in the cortisone-treated rabhbits, the con-
centration of desoxyrbonucleic acid (DNA) did not change, whereas
the concentration of PNA was diminished significantly (39). It ap-
peared that this may explain the depression of ant.xbody formaton fo!-
lowing the admunstration of cortisone,‘ for if PNA is necessary for anti-
bady production and its metabolism is altered by the hormones, 1t 15
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viruses, rickettsiae, or typhoidal endotovin, ACTH and cortisone did not
lead to increased survival. It is interesting, furthermore, that hemor-
rhage adrenal glands resembling some of those seen in the Watethouse-
Friderichsen syndrome sere produced in rats not by inducing adrenal
insufficiency, but by admmistering large i doses of ACTH,
the hemorrhagic adrenal cortices in this instance were caused by ex-
treme hyperactivity of the glands (46). Finally, it is surprising that
despste the relative frequency with which severe diphtherial and me-
ningococeal infections have been observed within the past fifty years,
there are, so far as we know, no reparts of Addison’s disease as a sequel
to these infections in patients in whom recovery has been reported.
Although many evplanations might be advanced for the absence of
such cases, it is, nevertheless, noteworthy.

Although the clinical appearance of the patient with vasomotor col-
Iapse due to sepsis 1s consistent with findings in adrenal insufficiency,
and pathologic evidence is incontrovertible that damage to the adrenal
cortices may oceur, it is not yet clear to what extent this damage is spe-
cific for the adrenal cortex and not merely a reflection of severe damage
o bolie processes througt the body. It is even less clear that
when tosic bacterial products interfere with cellular metabolism such
interference is at that level of cellular actvity at which the adrenal
cortical hormones play a catalytic role, The problem 1s complex and will
require carefnlly controlled investigation.

In conclusion, 1t is worth re-emphasizing that although the studics
made with the use of ACTH and cortisone have increased our under-
standing of the processes of infection and jmmumty, the clmical use of
these hormones in infectious diseases must still be undertaken with
caution.
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as early as one to three days following fnoculation and was extensive,
msolving all extremities of some anirals, while the control animals
rarely sho“cd tetraplegia. The disease was uniformly fatal. In extend-
ing the initial observations, it seemed first necessary to find the minimal
amount of corti: quired for the ent of poliomy elitis in-
fection and to determine the minimal amount of virus capable of elicit-
ing the disease in cortisone treated hamsters.

Comparison of experimental groups receiving doses of 5 mg of corti-
sone and less and virus diluted 1-20, the controls receiving the same
amount of virus, served to determine the minimal amount of cortisone
necessary for the enhancement. Since the mean mortality rate in a lurge
group of controls under observation concurrently was 246, 1t is obvious
thn! a mortality rate rangmv from 7.8 to 100 percent demonstrates a

ut enh: t of the infection with the aid of cortisone. Thas,
a single mjection of 2 mg of cortisone is sufficient to produce an un-
equitocal enhancement of the infection, The effect of 1 mg, of cortisone
giving rise to §3 percent lity may be considered as the end-point.
Single mjections of 2 and 5 mg of cortisone given simultaneously with
the virus two and eighteen hours prior to virus and eighteen hours after
virus are capable of producing approsimately the same increase i mor-
tality rate In contrast, while 5 mg of cortisone are capable of raising
the mortality rate to 77 8 percent when mnjected as long as forty-eight
hours prior to virus, a dose of 2 mg fails to do so. In the rematmung ex-
penments dealing with virus diluted 1 1000 a mortality rate of 33 to 53
percent was obtained, as aganst no mortahity in the controls.

In addition to increasing the mortality rate, cortisone 1s also Tespon-
sible for shortening the mean survival time, death oceurring within con-
siderably fewer days than i the control group A statistical analysis of
some of the data using the Student’s t-test, hindly carned out by Dr.
Franklin Hollander, is gwven in Table 1

The admmstration of cortisone mvanably produces a change in the
chmical course m the hamster. Several days after inoculation the animals
show conjunctivitis, ruffled fur, and arched backs. Neurological symp-
toms are marked, and tetraplegias are seen much more frequently than
in the controls The incubation period for the onset of paralysis 15 de-
cidedly shortened, ranging in most animals from three to six days, the
mghest incidence of paralysis occurnng from four to five days follow-
mg woculabion,




Chapter 14

ALTERATION OF EXPERIMENTAL
POLIOMYELITIS BY MEANS OF CORTISONE
WITH REFERENCE TO OTHER VIRUSES!

By GrecoRy SHWARTZMAN AND STANLEY M, Anovsox, The Depart-
ment of Micrabiology, The Mount Sinai Hospital, New York, N.Y.

Smm PRESIOUS EXPERIMENTS have already suggested a relationship
between endocrine imbalance and predisposition to poliomyelttss.
Thus, Curley and Aycock (1} reported same years ago that castration
induced in monkeys a greater susceptibility to the intranasal inocula-
tion of the virus, while the treat of the castrates with gen in-
creased their resistance,

In approachig this problem the relatively higher incidence of poho-
myeltis in pregnant women was of particular interest. Since it was
clearly shown by Venning (2) that there 15 a greatly enhanced adreno-
cortical function during pregnancy, a study on the effect of cortisone
on experimental poliomyelitis was suggested In view of the fact that an
enhanced susceptiblity rather than pratection aganst the infoction
was expected, 2 partially refractory animal was selected for these
studes. In with other pi studies we became familiar
with the behavior of the virus i the Syrtan golden hamster. Intracere-
bral inaculation of a rodent-pathogenic strain of the virus (Lansing or
MEF, ) into this animal gives rise to a mild disease of irregular anset,
low meidence, and low mortality rate. As judged from observations on
hundreds of hamsters, virus dituted 1-20 gives some 50 percent paralysis
with an mcubation period varymg from four to nmmeteen days The
mortalxcy rate aries trom 20 to 40 percent, the mean mortality rate
bewg a little more than 24 percent

In prehminary exp the admunistration of large doses of cor-
tisone alone ar ACTH and cortisone in combination mduced a prompt
and violent infection Within a day or two after inoculation the treated
hamsters appeared weak and drowsy They showed swollen eyehds,
conjunctvitis, ruffled fur, and hunched backs The paralysis occusred

t Asded by a grant from the Nattonal Foundation for Infantile Paralysts, Inc.
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Thus, it may be concluded from a long series of experiments that cor-
tisone produces a highly signifi i of experimental polio-
myelitis infection in the hamster which results in shortening the menba-
tion period for the onset of paralysis, greater severity of symptoms,
marked reduction in the mean survival time, and an increase in the
mortality rate to 100 yercent This alteration of the disease is also ac-

ied by an i d rate of multiplication of the virus under the
mﬂuence of cortisone (3-4).The observanons reported have been amply
carroborated by Sabin (5) and Findlay and Howard (6).

‘When considered in the light of the effect of cortisone just deseribed,

a number of previous observations, seemingly unrelated, dealing with
the alteration of predisposition (0 clinical and experimental polio-
myelitis may have one i possnb]e porary
disturbance in the ad: tical function and a lting hypersecre~
tion of cortisone. Therefore they merit reexamination \v\lh regard to
increased susceptibility due to excessive fatigue in monkeys (7) and
man (8-9), surgical procedures and trauma 1n man and monkeys (10~
14}, pregnancy in women (15~17) and mice (18-19), prophylactic vac-
cmation in man (20-25), and injection of T.A B and pertussis vaceines
and diphthena tovoid in mice (26-27}. The effect of cortisone is alto-
gether different from that of other hormones, mcluding ACTH.

The findings that ACTH fails to modify the experimental infection
are consmstent with the observations of Coriell, Cook, Murphy, and
Stokes (28) on the lack of effect of the hormone upon clinical polio-
myelitis However, according to Amslie, Francis, and Brown (29) and
Foster, Sigel, Henle, and Stokes (30) there may be some shonenmg of
lhe bation period and a hat higher ineid of paralysis in

fol d of ACTH. The meortnnt ph)slo-
loglca\ basis for the possible difference between ACTH and cortisone
was pointed out in the introductory remarks opening this symposium,
The observations mentioned suggest that further study 15 needed in
order to determine whether ACTH stimulates the elaboration, by the
adrenal cortey, of factors other than cortisone which may be apposing
the enhzmcmg effect of cortisone,

Tn ding the o jons on the enh of the inf
by means of cortisone it was deemed of particular interest to determne
what effect the cortisone may have on the route of invasion of the
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Tasre 1
STATISTICAL ANALYSIS OF ENHANCEMENT OF POLIOMYELITIS INFECTION 1IN
HaMsTERS WITH THE A OF CORTISONE

HAMSTERS INDCULATED INTERCEREBRALLY WITH MEF)
oruTEp 1:20

Controls
recetving
na cortisone, Corti~
inocrlated Corii~ Cortisone  sone1mg
withthe tirus  Cortisone sone2mg  ImglX Ix18

amultancouse Smglx 2 1XI8hes. immediately lrs pror
Iy withthe hrs priorta  priortocirus priorto virs o ¢irus
etperimen~  tirus inocula-  inoculati inoculation  inoculati

tal groups tion

N 18 10 9 9 10
Range of sur-

vival time,

days 4-25 3-8 8-11 6-20 7-11
Mean survival

time, days 138 6.3 58 a8 83
P value 00008 0.0007 ¢ 0.19°? 0147

From J. Exp Med, 1952, 95 347

@ Highly significant * Doubtful significance

TanLe 2

Errecr of CorrisoNg vroN tHE Trrer or MEF, v e Brawv
oF Ty Hamsren

VIRUS { MEF) } USED FOR TITHATION 1D TITER
Inmice  Inhamsters

Pool 1

Stock mouse brain passage 1033 10713
Pool 11

Brains of 4 hamsters mnfected with pool I 108 1020
Pool HI

Brauns of § cortisone-treated hamsters infected with 1072 10

poall
Pool IV

Bians of 4 cortisene-treated hamsters mfected with 102 7¢ nde

pool 1
Pool V

Brains of hamsters infected with pool 111 ik JUESS

From ] Exp. Med , 1952, 95 347
aad = Not deterrmned.



30~
NEURO- TAL~
LOGICAL MEAN I
SYMPTOMS DEATHS SCR- FATE
TotAL Daysaft- Daysaft- TRME  Per-
Dilu- Time AO.  erinoc-  erinoc- YDA cent-
WOUP RO, TREATMENT fon inoculoted axmviars ulation  wlation  Days  age
DCAlmg 120 2hes.after 10 LLLLYL, 192255, 58 100

MOUSE PASSACE.

3x 18,4, 1st corh- 1535 526,67,
18brs, sone T
Cortisone §
mg 3% 4,
18 hrs.
9 Progesterone 120 Immeditely 10 51422 25 250 10
025 mg after 2d
3X 24,24 rogest-
hrs one
10 Diethyltdl-  1.20 Immediately 10 447 1919 190 20
bestrol 0 23 after 2d
mg 3 24, stilbestrol
24 hrs
ontrols  Notreatment 1.20 50 34,445, 42367, 83 18
for1-10 5666, 99,0,
66877, 1419
T,
8895,
91214,
19,19
11 ACTHSmg 1100 3hrs afer 10 22223, 46666, 66 100
1x ACTH 33383, 6679,
Cortisone 5 3 10
mgAx 5,
. 19hrs
Jontrol  Notreatment 1 100 10 66679, 1521 180 20
for11 20

From J. Exp Med 1953, 95 347
# Died without newrologreal symptoms



TanLe 8

Esrecr or Various HormoNes upov PoLtoavertrs v HAMSTERS

MEF; $TOCK
MOUSE PASSAGE

Dy~
1QUP NO.  TREATMENT  tion

1 Cortisene 5 1 20
mg3xX 4,
19hrs

2 Cortisone 5 120
mg IX

3 ACTHSmg 120
3x 4,19
hrs

4 ACTH3mg 120
5% 4,18,
24, 24 hrs,

5  ACTHmgel- 120
atin 10 mg
2% 24 hrs

8 DCAlmg 120
1x

7  DGAlmg 120
3x 18,4

brs,

Time

NEURO~

LOGICAL, MEAN

SYMPTOMS DEATHS  SUR-
ToTAL Daysafi- Daysaft- TAL
NO  erwoc-  ernpr- TIME

moculated axpiars ulaon  ulaton  Days

2 brs, after
Ist corh-
sone

2hes after
cartisone

2 hrs, after
1st ACTH

2 hrs after
Ist ACTH

2 hrs, after
Ist ACTH

¥ hr. after
DCA

22hrs after
3d DCA

10 55555 55050 56
5,95,46,
6,6,6,7

3,33, 36666 63
7.9,7,78

6,10 80

9 4478 77 70

10 356814 626 160

0 48

8 59,1412 ILI516 15§
20

MOR-
TAL-

nazg
Per-
cent-
age

00

100
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changes were invariably seen in the spinal cord in the animals showing
the disease during life.

2. The virus recovered from the brain of the intraperitoneally in-
fected b d typ\cz\l 3 in mice, the recovery of the
virus coineidi \nth the develop of the disease. The virus was
neutralized by the anti-Lansing convalescent monkey serum ou intra-
cerebral testing in mice, In these titrations 200 mouse LD, were com-
pletely neutralized by the serum diluted 1:16 following incubation of
the mixture for one hour in a water bath at 37°C.

3, Itwas also possible to neutralize the virus in the hamsters. In these
experiments the hamsters received four injections of 2 mg of cortisone
at intervals of three, twenty, and three hours. One-half ml. of suitable
dilutions of virus and serum incubated in a water bath at 37°C for one
hour were injected intraperitoneally 1mmedm(ely following lhe fourlh
mjection of There was ot of
the virus diluted 1:500 with the serum diluted 1:40, while in the ab-
sence of the serum the virus simlarly diluted and incubated gave 100
percent mortality, with a mean survival time of five days.

A fact of outstanding interest is that the animals showed a marked
viremn, the extent of which depended largely on the total dose of

cortisone, the frequency of administration, and the ion of the
inocufated virus

‘The results indicate an 1 raul ion of the pol lati
virus following the intrap 1§ lation 1nto ] treated
hamsters.

In a later seport a good correlation will be demonstrated between
histological changes and the concentration of the virus m certain or-
gans and tissues outside the central nervous system. The results are of

special interest in ion with the patk of the disease, be-
cause they suggest that extxaneuv\\ m\\\hphcamm of \he mes may be
one of the phases of the ion f of

the virus The demonstration by Bodian (31) zmd Horstmann (32) of a
viremia 1 the chimpanzee following feeding of the virus, points in the
same directjon,

The possibility of producing the infe by the intraperd [ route
offers a new method for P 1 testing of lizing po-
tency of sera and for gatng the effect of chemotherap agents
before fixation of the virus by the central nen ous system. Other distinct
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virus The Launsing strain of poliomyelitis virus invades the rodent only
by the intracerebral route. Following the intraperitoneal infection of
massive doses there is a rapid disappearance of the virus, no trace of it
being recovered in any organ a few hours later. In our experiments,
hamsters received several intramuscular injections of cortisone and an
intrapentoneal inoculation of the virus strain MEF,. A severe disease
was thus elicited.

Taere 4

MEF, InrrcTion v HAMSTERS BY THE INTRAPERITONEAL ROUTE

Total MEF, Paralysis ~ Mean
Num-~  Treatment Time of Inoculum Onset Range Survival Mortahty
ber withCortisone  Inoculation  Diutwn  of Days  Time Rate,%
121 - 1.20t0 B [
1.12000
45 2mg 4x 140 60
24, 27,20 hr.
10 2mg 1X 2r. after 1:20 5-6 73 30
corhisone
10 Smg 1X Immed after 1.20 6-16 12 60
cortisone
18 2mg 2x  2Brafter 120 58 T4 100
21hr. 2d cortisone
10 2mg 8Xx Immed after  1.1000 4-10 8 66.7
19, 27 hr. 3d cortisone
10 2mg 4X Immed after 1 100 3-5 47 100
24,27,20hr.  3d cortisone
15 Immed after 1.500 510 8 100
3d cortisone
10 Immed after  1-1000 5-9 76 555
3d cortisone
10 Immed, after 1 8000 5-12 9 60
34 cortisone
10 Immed after 1.12000 411 0
3d cortisone
10 8mg 8% 2% he after 120 47 65 100
19,24 br. 3d cortisone
amg 4% Tromed after 1 100 3-8 55 1000
4,20,3 hr d cartisone

From Proc. So¢ Exp Bl & Med , 1952, 79 573
There is ample proof that the disease elicited in this manner 15 true
eypenimental poliomyehtis.
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advantages of this method result from the fact that by adjusting the
dosage of cortisone and the concentration of the virus it may be possible
to obtam various degrees of severity of the disease, ranging from a pro-
longed mcubation period and low mortality rate to a umformly severe
disease of short incubation period and high mortality rate, thus afford-
ng the opportunity to screen agents under widely different conditions.

The fact that the effects described are not limited to a single animal
species is brought out by experiments on monkeys. Thus far good evi-
dence is suggested that there is a rather marked mecrease of takes fol-
lowing the intramuscular inoculation of the Brunhilde strain in the
cortisone-treated Rhesus monkeys. Five control monkeys receiving
Brunhilde diluted 1.100 intramuscularly showed no evidence of clinical
poliomyehtis during the si k period of observation. In the experi-
mental group there were nie monkeys treated with cortisone and in-
oculated intramuscularly with Brunhilde diluted 1:100 Seven monkeys
developed an extremely severe pohomyelitis infection five to twelve
days following moculation of the virus. An ascendmg paralysis of Lan-
dry type involved all extremities and abdomimal and chest muscles. The
eighth monkey had limted paralysis, and the ninth monkey died be-
fore the onset of paralysis Furthermore, from our studies and those of
Sabin (5), it appears that strains nonparalytic for monkeys can be
made to nduce a severe prostrating paralysis followng treatment with
cortisone,

Thus, a general rule becomes obvious When the virus is of suffi-
ciently ngh virulence or when a sufficient concentration of virus in-
vades a highly susceptible host, the virus can do the job for itself under
normal physiological condttions in the host However, when the host is
partially refractory or the virus is of low virulence for the host, the
hormone may enh the disease extraordinarily by all greater
multiplication of the virus, by mereasing markedly the severity of neu-

logical sy and by all g the entry of the virus through
parenteral ordinanly refractory routes

Histological studies on } and keys similar to the investi-
gations recorded above were undertaken to delmeate any morphologic
changes which might be correlated with the phenomenon of poliomye-
litis enhancement by means of cortisone followmg wntracerebral and
1ntraperttoneal moculation of stram MEF,,
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RucoveEny 0P Vinus sros HAMSTERS INPECTED INTRAPERITONEALLY

Treatment
with cortisone

5mg 1x

Smg 1x

2mg 2X
24 hrs,

dmg 8x
19, 24 hrs,

Smg dx
4,20, 3 hrs,

Smg 4X
19, 24, 24 hrs

MEF,
Inoculum
dilution
1.20
120
1:20
1:20
120
1:20
1:.20
1.20

1.20
1.80
1.20
1.20

1.20
120
1 10

1.100
1100
1100
1100
1100
1 1000

1.1000
11000
1 1000
1,1000
1 1000
1 1000

« Hgher dilutions not tested
b Numnerator == no of dead ammals, denomnator o= tatal no of aninals tested
Source Proc Soc Exp Bl & Med, 1952, 79 573

ORGAN TESTED
7. after Result
Name  moculation  Dilution  nouce®
Brain i3 1:20 /8
20 1.20 /7
70 1:20 0/8
192 1:20 5/8
Serum 06 12 0/8
70 1:10 0/6
192 110 0/8
23 110 1/16
23 1300 0/16
98 1:10 13/16
96 1300 2/18
Brain 96 1.100¢ 6/6
Serum 96 110 11/16
96 1:300 +/18
Bram 120 1100 8/6
120 1.3000 5/6
120 1.5000= 5/6
Serum 120 1%¥0 6/6
120 1100 2/6
120 131000 1/8
72 1:30 £/6
72 1100 3/6
72 1 1000 078
120 110 8/6
120 1300 6/6
120 1 1000 5/6
120 1 4000 1/8
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VHI
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Numberof
crovr Hamsters

40

40

10

40

40

TasrLE 6

EXPERDMENTAL PROCEDURE

Inoculum
0 05 cc MEF, stock
mouse brain pas-
sagediluted 1 20
(LD,,=10=7)
0.03 cc MEF, stock
mouse bramn pas-
sage diluted 1:20
(LD,, = 10-7)
0.03 ce sterile
mouse brain emul-
sion diluted 1:20.

0.03 cc stenle
mouse brain emul-
sion diluted 1:20.

None

0.5 cc MEF, stock
mouse brain pas-
sage diluted 1 20

0.5 cc MEF, stock
mouse bran pas-
sage diluted 1:20

05 ccstenle
mouse bramn emul-
sion diluted 1.20

05 ce stenle
mouse brain emul-
sion diluted 1.20
None

Route
Intracerebral

Intracerebral

Intracerebral

Intracerebral

Intraperitoneal

Intrapenitoneal

Intraperitoneal

Intraperitoneal

Cortisone
Smgm [ 5, IX
withntracer-
ebral inocula-
tion
None

5mgmIM,1x
wath intracer-
ebral inocula-
tion
None

SmgmIM,1x
with intracer-
ebral inocula-
tion

3mgm LM, 4%
day prior to
and day of
IP. jnoe.

None

3mgm I, 4x
day prior to
and day of
LP. inoc.
None

3 mgm LM, 4%
day prior to
and day of
LP. inoc.
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A group of two hundred and eighty male hamsters furnished the
source for a detailed pathological survey. The animals were divided
into appropriate control groups and experimental groups, as described
in Tuble 6; Groups 1, 11, VI, and VII provided the tissues for compara-
tive studies on the effcets of the MEF, virus. Information concerning the
effects of cortisone upon reactive and reparative intracranial activity,
exclusive of the action of the infectious agent, was derived from ham-
sters in Groups III and 1V, Groups VIII and IX afforded data on peri-
toneal reaction ta nonspecific inocula and the effects of cortisone upon
this resp A baseline of tissue changes attributable to cortisone
alone was derived from Groups V and X,

Animals from all groups were sacrificed at daily intervals. The brains
were scrially sectioned. Spinal cords and encasing osseous and soft-
tissue structures were sectioned at appropriate levels. Sympathetic
ganglia were isolated with the help of a dissecting microscope and
examined histologically All visceral organs were sectioned. Hematoxy-
lin and eosin were used routinely. In addition, a wide range of special
stains was employed when needed.

Following intracerebral inoculation the host reaction to the intra-
cranial needle tract was considerably modified in animals receiving
cortisone (Figs. 1-2) The cellular and vascular responsiseness which

haracterized the fon to cerebral injury was significantly delayed
and inlubited, In animals i no cortisone which were sacrificed
on the first day {Table 8, Groups II and YV}, prompt leukocyte migra-
tion to the needle tract was seen. In cortisone-treated animals sacrificed
at the same tune (Table 6, Groups 1 and 111), the tissues adjacent to
the traumatic tract were totally quiescent After the fourth day there
was a perceptible degree of reparation of the needle tract in the con-
trol hamsters The hemorrhage incident to the intracerebral inoculation
was largely resorbed and the pumerous activated microglia congre-
gated about the Ine of injury were distended with hemosiderin mclu-
sions, While inflammatory infiltrabon, vaseslar hyperplasia (Fig. 8),
and microglial congregation were p b in animals receiving no
cortisone, these changes were absent, subdued, or belatedly present
when the harmone was previously administered.

e -
A sirlar pattern of dermal inhit was g sn areas

of neuronal damage due to the virus, When cortisone was not admin-




Froure 1 NeeoLe TRACT 1N Hanster INOCULATED INTRACERE-
BrarLy with MEF,, No CortisoNe
Sacnificed after four days, traumatic defect filled with reactive cells,
hemorrhage resorbed, H & E X500

— —— R T E
Ficure 2. NexpLe TRACT 1N HaMSTER INOCULATED INTRACERE-
BRALLY WiTH MEF,. CorTisoNe GIVEN INTRAMUSCULARLY
Sacnficed after four days, minimal response to mjury seen, much of
the hemorrhage still persistent, H & E x 500.
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istered, the hymal resy to viral lysis was prompt
and exhuberant (Fig. 4). Leukocytes migrated rapidly to the damaged
neurons, and phagoeytic elements accumulated around the cells under-
going degeneration. The endothehum of neighboring blood vessels be-
came hyperplastic. The surrounding perivascular spaces were dis-
tended, with inflammatory cells. A diffuse meningitis was visible. The
necrobiotic aspect of the disease was thus overshadawed by the super-
vening host response. When cortisone was given at the time of intra-
cerebral inoculation, neuronolysis proceeded in a unilateral fashion,
usually unattended by the classical features of neuronophagia, paren-
chymal infiltration, and penvascu]ar cuffing (Flg 5). After cell de-

ion was a lished, an indolent and i ished reaction
deve eluped The mzhgatmg action of cortisone upon scavenger activity
Ited in the persi: of fragments of necrotic cytoplasm

in the sites previously fed by

Generally speal\mg, the number of neurons destroyed was greater in
infected hamsters receiving adjuvant cortisone The hippocampal cor-
tex affords an excellent site for quantitative comparison, This cerebral
region forms a sigmficant portion of the rodent brain, shows a cyto-

arct ic pattern of which is clearly hnear and is uniquely
susceptible to the action of many rodent-adapted neumtropxc viruses
In addition, the int bral inoculum 1s usually deposited withmn its

white matter. In the absence of cortisone admmutmtmn, hippocampal
invelvement was sparse, usually restricted to the side corresponding to
the needle tract terminus, and marked by flond inflammatory response.
Hamsters treated with cortisone, on the other hand, disclosed extensive
and often plenary neuronolysxs Many ammals surviving beyond the

sixth day showed pl lularity, with Imes of
empty vacuoles sometimes beanng necratic detritus (Fig. 6). Bilateral
nvol was almost cc ly observed, often with precise sym-

metry. Neighboring bleod vessels app ? upaffected by the ful
necrasis

When the disease was not enhanced by cortisone, the establishment
of newronolytic lesions was never rostral to the inoculum depot and only
occasionally contralateral m the cortex. In contrast, cortisone adminis-
tration allowed both contralateral and rostral mvolvement and severe
olfactory bulb destruction (Figs 7-8) dunng the late stages of the



Ficure 5. PoriomyELITIS IN THE CORTISONE-TREATED HAMSTER
Antenor hom neurons fallen out and no mesodermal response, H& E
X500.
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Ficure 6 Hirrocampar Gyrus 1N CORTISONE-TREATED HAMSTER
INPECTED INTRACEREBRALLY WrrH MEF,
Massive destruction of neuronal layer with many anuclear remnants,
H&E x100.



Ficure 3 PareacuymaL BLoop VESSEL ADJACENT To NEEDLE
Tracr 18 HaMsTER SacriFicED Two Days AFTER INTRACERE-
BRAL InocuLatiox oF MEF, No CorrisoNE
Note of endothelial el H & E X500

2 ,;‘? N

Ficure 4 POLIOMYELITIS IN THE Hanmster wiTiouT CORTISONE
Antenor horn showing mnflammatory filtration and prompt neuro-
nophaga, thionine X250,
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ghon cells allows visualization of lysis unimpeded by con-
comitant scavenger activity. The usual course of early ganghonic degen-
eration in poliomyelitis consists of ch lysis, cell distortion, and
nuclear eccentricity, pyknosis, or fading These features are based upon
studies in stmian poliomyelitts The disease in hamsters is comparatively
more rapid, and early phases of degeneration are rarely seen (Fig. 9).
Acidophilic necrosis is most often the initial evidence of ganglionic 1m-
pairment. The cytoplasm of these cells assumes an intensely eosino-
phihie granular appearance, followed shortly by cell membrane dissolu-
tion and cell fragmentation (Fig, 10). The ragged disintegration of the
neuron often occurs with such unseeming haste that a detectable
nucleus 15 still visible mn one of the dsassociated cell fragments. Hemor-
rhage into the penganglionic space often occurs at this stage (Fig. 12).
Not infrequently only a tissue space indicates the former residence of a
neuron (Fig 5). In the absence of phagocytosis 1t is difficult to explam
the rapid disappearance of the necrotic detntus Often, and more com-
monly m the brain than in the spinal cord, a hazy, shrunken, poorly de-
fined anuclear sphere of cytoplasm persists. These cytoplasmic ghosts
occasionally contamn a few leukocyte mclusions (Fig 11). In mstances
of fulmmant disease in which death follows closely after the onset of
paralysis, changes m the antenor hom neurons may be limited to
shunkage, a questionable criterion of neurocytolysis. Vacuolization of
the cytoplasm, still another vanant of cellular degeneration, at times is
extensive enough to obscure all other features of neuronal degradation

The greater tendency toward acute eosmophilic necrosis cannot be as-

cribed to any nutigation of ial defe 1t must be idered
a reflection of the d rably heigh d viral ion n the
brams of those hamsters receiv ing cortisone

As previausly ioned, the i i 1 \ of the virus

into animals receiving concomitant rcmhsone nvariably produced a
lethal paralytic disease. When the hormone was omitted none of the
animals developed paralysis (although very rarely a hamster disclosed
a few subchmical lesions within the spinal cord) The pentoneal cavity
contained a sparse exudate, and the mesothelial cells were prominent
Cortisone tended to lessen this response. No local changes attributable
ta the virus could be demonstrated m esther control or experimental
groups The first changes within the central nervous system in cortisone-
treated hamsters were seen m the spmal cord, usually the lumbar seg-
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disease. Expressed in different terms, it can be concluded that cortisone
permits duffusion of the virus to all encephalic zones potentially ame-
nable to viral prohiferation.

Inflammation can be considered the summation of all cellular reace
tions provoked by cell injury. Furthermore, the degree of inflammatory
reaction is directly proportional to the degree of this stimulus. In un-
treated hamsters subjected to intracerebral inoculation of MEF, strain,
a minimal degree of neurocytolysis evoked an immediate and abundant
inflammatory reaction. In the early stages of the disease cortisone-
treated b show p 1 1 destruction and minimal
milammation When the necrobiotic (viral) and inflammatory {reac-
tive} compenents are evaluated, within the experimental conditions
described above, it becomes apparent that an inverted recipracity exists
{that is, greater biosis, with diminished infl ion ). It cannot
be inferred that the restrained response is a result of increased neuronal
wjury, rather, that the mediating agency which inhibits inflammation
also, by other means, allows greater viral proliferation These two end
results of cortisone action are not mutually exclusive, since the limita-
tion of inttial cellular defenses 15 undoubtedly ove factor in permitting
incremented viral proliferation. In cortisone-treated hamsters sacrificed
after the sixth day some central nervous system levels disclose percep-
tible inflammation, while other levels (in the same animal) display the

picture of dermal minbation so ch istic of the mitial days of
cortisone altered poliomyehtis. In many animals demonstrating this
vanable picture, an under dable distributional pattern ges, In

the midcerebral areas (the site of moculation and therefore the region
of earhest viral effect) the neuronal destruction is rampant, while the

infl ry aspect is 31 or st At levels rastral or
caudal to the plane of moculation the response is more pronounced, It
can be d d that the d from the inoculum depot is

directly proportional to the degrec of mesodermal reactivity As the
pathogen reaches different central nervous system levels at progres-
swvely later periods, the effect of cortisone upon the state of tissue reac-
twvity is mitigated, giving rise to the gradient responsiveness described
above. Belated reaction does not occur at sites of earlier neuronal de-
struction, probably because the products of cell lysis which are capable
of stimulating reaction have been effectively dissipated.

The absence of prompt phagoestic response to the ncerosis of gan-
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Frcure 9. PoLtoMyerims ¥ rne  CORTISONE-TREATFD HaMstER
INJECTED INTRAVERITONEALLY
Shows early chromatolysis and same swelling of ganghon cells, thio-
mne X1100.

4

by ,.r
S %oy 7S

Fiovre 10 PoLaodyELTss 1N tHE CORTISONE-TREATED HA\ISTFB
INjECTED Iwmrsnrrovsuu
Gramutar, ph
clear pyhnosis, no inflammatory reaction, H & E x 1100

i lasm and nu-




i v, Y
“a. !.";:}
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wdly to calcification. The mterstices, at a later phase, showed the pres-
ence of small pleomorphic cells, with il ly dant L hili

cytoplasm At a still later stage inflammation supervened and a forexgn-
body type of granulomatous reaction was present Alteration was also
noted mn skeletal muscle (Fig 14). The earhest change in this tissue
was fading of the cross striations and segmental swelling. In the -
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Ficune 12, Pouo\n'ums v THE CORTISONE-TREATED HaMSTER

INJEcrzD INTRAPERITONE ALLY
Yl d

tion of anterior hom ganghon cell,

no Jeukocytic reachon but hemorrhage mto penganglionic space,

H&E x1100
volved portion of the muscle fiber the swelling sometimes resulted m a
fourfold increase in diameter. The myofibrils tended to be maintained
for a Tonger period than were the cross striations, and hyaline-like baso-
Phahc masses appeared between these longitudinal structures Shortly
thereafter the fibers fractured, presenting a picture of separated, swol-
len, and basophilic fragments This rapidly changed to granular necrosis
of the mvolved sarcoplasm, with an accelerated deposition of caleium
Sarcolemmal cell prohferation around the affected fibers was sometimes
Ppresent. A chlatory inflammation was obvious at a st later phase This
myositis was localized to the muscles adjacent to the vertebral column
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ments. A depression of cellular defense was apparent in the anterior
hom lesions. The lesions progressively ascended the neuraxis and were
usually demonstrable in the medulla when death occurred, In cortisone-
treated animals which survived for a longer period of time typical le-
sions were present as far rostrally as the midbrain and pyriform corter.
These late changes m the brain were mostly patchy and minimal, and

Py ey pper——
7, v}‘.uﬂuzi
e
C

- e

Froure 11 Porioayerrrss i~ tHe CormisoNe-rrEaten Hansster
INJECTED INTRAPERITONEALLY
Changes as seen m Fig 10, a few i
ble, note quiescent appearance of capillary w nght lower corner;
H&E x1100.
never comparable 1 extent or seventy to the lesions evoked by intra-
cerebral mjection of the virus A detarled study of anfonomic gangha
within the abdominal cavity failed to incrimjnate these structures as
foci of intermediate 1avols ement
Histological stuches of extrancural tissues demonstrated additional
changes found onlv w MEF, i lated h: which d corti-
sone The first change was found in the paravertebral and periadrenal
adipose tissue (Fig 13). The microscapic prcture consisted of smu('lg-
iness of the vacuoles and the appearance of minute discrete ba‘sa?hxbc
bodies lining the inaer cell b these granules | rap-

Yile inck 4




Ficure 14, PARAVERTEBRAL MUSCLE Froa  CORTISONE-TREATED
HaMsTER INJECTED INTRAPERITONEALLY witeH MEF,
Note segmental pattern of involvement Altered fibers show necrosts,
f 1 Tl

philia, and Some d d fibers
are ded by mfl y cells. Note bl to expen-
mental Covsackie myositis 1 the sucklmg mouse, H & E x125

spinal cord in the former group. Statistically sigmficant potentiation,
nevertheless, occurred Approumately 40 percent of the hamsters
showed some chmeal evidence of paralysis following intraperitoneal
moculation of Lansing virus and mtramuscular cortisone Without sup-
plemental hormones, no paralysis developed Lytic changes in the an-
terior horn cells were observed in ammals presenting mb paralysis
The myelitis tended to be limited in distribution and intensity. At no
time did the damage equal m seventy that observed m poliomyelttis
caused by the MEF, strain The paravertebral myosihis and steatitis de-
scribed previously was also seen, but again were inconstant and of in-
appreciable measure. The potentiated disease caused by the MEF,
stran (intraperitoneally) resulted in paralysis within four days and
death usually before the seventh day. Paralysis in cortisone-enhanced
Lansing pohomyelitis ensued about the seventh or exghth day, and sub-
sequent mortahity was low. In addition, the somatic lesions of Lansing
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regardless of whether infection was induced by the intracerebral or the
intrapentoneal route (Fig. 18), Both muscle and fat lesions were more
severe, however, in the animals mfected intraperitoneally, These le-
sions bear a considerable resemblance to those seen in suckling mice in-
fected with the Coxsackie viruses.

Thirty-seven hamsters were submitted to intrapentoneal inoculation
of 0 5 cc of Lansing stock mouse brain passage diluted 1,20. In addition,
twenty-seven of these hamsters also received 12 mg of cortisone intra-
muscularly, divided mto four equal doses and administered in two days.
The virus was injected at the time of the third dose of cortisone. The
Lansing strain is known to be less viralent than the MEF, strain A
comparison between the two (i cortisone-treated hamsters) sevealed
a lower incidence of clinical paralysis and its morhid reflection in the
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Fioure 14, PARAVERTESRAL MuscLE  FROM  CORTISONE-TREATED
HamsTer INJECTED INTRAPERITONEALLY witH MEF,
Note segmental pattern of involvement Altered fibers show necros:s,
fragmentation, basophiha, and caleification. Some degenerated fibers
ded 4

are Y y cells. Note bl to experi-
mental Covsackie myositis 1n the suckhing mouse, H & E X125,

spmal cord in the former group. Statistically significant potentiation,
nevertheless, occurred, Approximately 40 percent of the hamsters
showed some chimcal evidence of paralysis following intrapentoneal
mnoculation of Lansing virus and intramuseular cortisone Without sup-
plemental hormones, no paralysis developed Lytic changes m the an-
tenior horn cells were observed i ammals presenting himb paralysis
The myeliis tended to be limited in distribution and intensity. At no
time did the damage equal m severity that observed in pohomyehtis
caused by the MEF, strain, The paravertebral myositis and steatitis de-
scribed previously was also seen, but agamn were mconstant and of -
appreciable measure The potentiated disease caused by the MEF,
stram (1ntrapentoneally) resulted m paralysis within four days and
death usually before the seventh day Paralysis m cortisone-enhanced
Lansmg poliomyelitis ensued about the seventh or eighth day, and sub-
Sequent mortality was low In additton, the somatic lesions of Lansing
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regardless of whether infection was induced by the intracerebral or the
intraperitoneal route (Fig. 13). Both muscle and fat lesions were more
severe, however, in the animals fnfected intraperi Hy. These Je-
sions bear a considerable resemblance to those seen in suckling mice -
fected with the Covsackie viruses.

Thirty-seven hamsters were submitted to intraperd 1 lati
of 0.5 ce of Lausing stock mouse brain passage diluted 1:20. In addition,
twenty-seven of these hamsters also received 12 mg of cortisone intra-
muscularly, divided inte four equal doses and administered in two days.
The virus was injected at the time of the third dose of cortisone. The
Lansing strain is known to be less virulent than the MEF, strain, A
comparison between the two (in cortisone-treated hamsters) revealed
a lower incidence of climcal paralysis and its morbid reflection 1 the

Ficuse 18, Luvaman SpinaL CORD anp SURROUNDING STRUCTURES

5% CORTISONE~TREATED HAMSTER INTECTED INTRAPERITONEALLY
wrtn MEF,
Considerable loss of peurons in nght anterior hom, some wmterstitial
hemorrhages, but no sigmficant inflammation  Antenor vertebral
adipose tissue {upper feft and upper nght) shows necrosis and mim-
mal mfammatory respouse, skeletal muscle 1 same region shows
early myositis; H&E %20,



EXPERIMENTAL POLIOMYELITIS 201

tex changes, and typical lesions of poliomyeltis in the olfactory bulbs.
The latter finding creates some misgivings concerning the generally ac-
cepted premise of olfactory bulb mviolabihty following infective routes
other than the nasopharyngeal.

The evidence presented points to the vastly important role the hast
plays in polis hitis infection in ref to pathagenesis, the portal
of entry, and even the virulence of the virus The observations reported
are by no means himited to poliomyehtis virus Thus, Kilbome and
Horsfall (33) d d an d multiphcation of infl
A and B and mumps viruses m chick embryos treated with cortisone
They (84) also succeeded in obtaining a fatal Covsackie disease in
cortisone-treated adult mice The observations of Kilborne and Hors-
fall were recently confirmed by Findlay and Howard (6). Loosls, Hull,
Berlin, and Alexander (35) obsenved an 1ncrease 1n the mortality rate
from awr-borne influenza virus m mice recerving ACTH, although there
was no alteration in the gross and microscopte findings and in the rate of
growth of the virus On the other hand, the hormone had no effect upon
this mfection mn ferrets (86). It also failed to modify the course of the
influenza infectron i mice inoculated intranasally, while cortisone
treatment increased the mortality rate (37). According to Kalter,
Smolin, McElhaney, and Tepperman (38) treatment of muce with
ACTH and cortisone caused some depression of multiphcation of influ-
enza virus 1n mice. Cortisone was also reported by Khigman (39) to
enhance the vacciia primary infection and reinfection in guinea pigs
The susceptibility of mice to Japanese B encephalitis was increased in
the experiments of Vollmer (40) According to Southam and Babeock
(41) cortisone affected adversely the West Nile, Rheus, and Bunyam-
wera viruses, while ACTH 1 massive doses also enhanced the West
Nule virus, In more recent expenments Findlay and Howard (6) dem-
onstrated the production of extensive liver necrosis followng mocula-
tion of Ruft Valley fever virus diluted 10* into cortisone-treated mice. A
virus moculum 107 was required to produce the same lesion m mice
recewving no cortisone In the expeniments of Smith, Murphy, and Mir-
ick (42) the treatment of mice with ACTH did not mfluence their sus-
ceptibility to PVM nfection, but shightly enhanced virus multiplication

Cortisone treatment enhanced both the virus infection and the multipli-
cation of virus to a greater degree. Adrenalectomy rendered mice
shghtly less phible to and ded virus growth,
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poliomyelitis, while diminished in severity, could be found in muscula-
ture remote from the juxtavertebral regions. It has been postulated that
the fulminant course of the MEF, disease in hamsters aborts any es-
tablishment of viral lesions in muscle peripheral to the vertebral col-
umn. When the life of the animal is prolonged after inaculation, how-
cver, there 15 a progressive escape of cellular and immune defenses
from the influence of cortisone A dynamic balance of disseminating
and canstricting forces 15 achieved in Lansing disease which decreases
the degree of degenerative change in any particular Joeale and widens
the distribution of Jesions, as compared to MEF, poliomyelitis obtamed
under comparable experimental circumstances,

Investigations pertent to the action of cortisone upon simian polio-
myelitis are 1 progress It seems axjomatic that the degree of refractori-
ness (without cortisone) bears direct correspandence ta the magnitude
of cortisone enhancement. Intracerebral imoculation of a paralytic strain
of poliomyelitis in an adequate concentration mnto the monkey produces
an almost uniformly paralytic disease. Concurrent cortivone results m a
decrease of the incubation period and an increase m mortality. The
differences achieved are often not striking. However, the potentiation
of the disease can be made startlmgly demonstrable. Intramuscular
oculation of some strains leads ta 2n extremely low incidence of the
disease. Adjuvant cortisone, 1 , P kes a ful t disease,
tetraplegia, and early death The full espression of cortisone effects are
therefore elicited in the monkey by employing portals of entry which,
1 the absence of cortisone, would usually fail to eventuate in apparent
infection.

R of vascular, 10f; y, and microglial reaction is demon-
strable in corti ttered keys mfected with poliomyelitis. Since

the simian disease has a longer incubatton period and course, as com-
pared to that of the hamster, the inhibition of the above responsive cle-
ments is not as prominent m the monkey However, even i animals
sacnficed two weeks after the last mjection of cortisone, perivascular
cuffing is still meager and the nenronophagia 15 less extensive At times
the degree of antenor horn damage is so marked as to praduce grossly
vistble cavitary myelomalacia. Topographieally, the modified discase 15
more amplified. After a course of cortisone injections intramuscular in-
oculation of the Brushilde stram often results 1 destruction m all spinal
devastating damage m the bramn stem, bilateral motor cor-

cord levels,
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Comparison of the effects of ACTH and cortisone and those of other
virus diseases upon poliomyelitis is very difficult at this time in view of
the wide divergence of experimental conditions, namely, animal spe-
cies, time of administration of the hormones, dosage of the hormones,
rontes used for injection of viruses and so forth. Furthermore, since the
hormones have many physiological activities it cannot be assamed that
the mechanisms involved in acceleration of infections with viruses
widely dufferent from one another are necessarily the same.
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