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INTRODUCTION

The recognition of the symptoms of suprarenal cortical in-
sufficiency is not recent. The syndrome of insufficiency which is
asgociated with tuberculous lesions of the suprarenal bodies was
first described by Addison (1855). It was not recoznized at this
time, however, that the suprarenal bodies were composed of two
distinct physiological entities. Accordingly the investigative
work at this time was confusing and misleading. When, however,
the double makeup of these structures was recognized, the medul-
lery portion received the most attention. As it became obvious
that the adrenal medulla was not an essential factor in the main-
tenance of life, the syndrome which is now recognijed to be as-
sociated with partial absence or destruction of the adrenal cor-
tices took on new importance. The evolution of these ideas, how=
ever, occupied a space of approximately seventy years. Thus the
rational therapeutic approach to suprarenal cortical insufficlency
as a distinct entibty separate from the adrenal medulls end its
secretion, epinephrine, becomes a development of the last decade.
So deeply rooted, however, was the opinion as to the essential
relationship between the medulls and the syndrome of cortical
insufficiency, that clinicians continued to employ epinephrine
in the treatment of this disease as late as 1832. The problem
of adrenal insufficiency from the standpoint of cortical func-
tion and therapy, therefore becomes very recentbs
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The very nature of the evolution of this problem favored
numerous investigations of varying worth. The therapsutic ap-
roach to the problem, alone, has undergone a profound change
since the first early reports. To keep astride the ever chang-

3

ing viewpoints and the voluminous literature on this subject,
has been difficult for the average physician., As an assimila=-
tion of the literature and a review of.the problem to date,

this paper is presented.
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HISTORY

" The first approach to the Therepy of suprarenal cortical in-
sufficiency was made before the begihning of the present century.
Investigation was mainly confined to the British Isles. Jones
(1895) reported a case of Addison's disease which was treated
with dessicated whole suprarenal gland substancse. He reported
the patient to be vastly improved within & month following this
regime., Stockton (1895) had a patient who ingested two to three
rew sheep adrenals daily in sandwiches. The author believed de-
finite improvement was evidenced. Oliver (1895) reported a case
which was given an alccholic extract of suprarenal.glands.
Bramwell (1897) injected 15 minims of sterilized suprarenal cap-
sule juice into a patient twice a weeke. Later on, this prepara-
tion was administered every other day by mouth. The patient ap-
parently showed marked improvemént on this weak alcocholic extract

but died from influenza. Autopsy showed complete absence of the

suprarensl capsulese. It is quite probable that these early atbbempts

at treatment were of some benefit, since many of the more mod-

ern extracts employ the use of alcohol as an exbtraction medium.



GENERAL CONSIDERATIONS

Although primerily concerned with the therapeutic aspects of,
adrenal cortieal insufficiency, some knowledge of the sympbomp=
tology and pathelogical physioclogy is essential to enable the
reader to properly evaluate the factors involved in therspy. It
is by correlation of the symptomatolegy and pathology that much
of the investigative work directed slong the lines of therapy
has been evolved.

Symptometology

The symptometology of adrenal cortical insufficliency, as
here presented, includes e combination of both cliniecal and
experimentel observations, Snell (1834), Fertmen (1933),

Rogoff (1934), and Wiggers (1934'). It is essential that the
reader keep in mind thet in the human subject, the loss of
suprarenal cortical function is partial and chronic, as contrasted
to the scute and sbsolute insufficienay in experimentelly adrenasl-
ectomized animals,

The majority of investigators agree that the foremost
symptoms of cortieal insuffieiency are asthenies of the nervous,
muscular, and circulatory systems, accompanied by gastro-intes«
tinal disturbances. The first evidence of the disesse is usuale
ly some degree of anorexias. This loss of appetite may be so
severe thet there occurs a complete éversion to fatty foods.

Diarrhes and vomiting may accompeny these symptoms. Loss of
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weight and emacistion soon appear snd are associated with ready

fatigue upon exertion. The mnseula; ssthenia mey be so profound
that unnecessery voluntary movements of the sufferer hecome come
pletely absent. Exemination of the circulation reveals a weak
heart action and & systolic blood pressure in the neighborhood

of 70 to 80 mm. of Hg. With progressive increase in the mus-
culer asthenis and gastro=intestinal symptoms, nervous phence
mena finally develop. The latter include var&ing degrees of
mscular twitchings, hellucinations, lethergy, and coma. A pecu-
liar pigmentation, ranging in color from bright yellow to & bronze=-
brown, is seen in some cases especially prevelent on the exposed
portions of the btodye.

In the humen cases, the course of the disesse is marked by

remissions and relapses, Indeed, the remissions may be so com=-

plete as to suggest a recovery from the adre;al cortical insuffie
ciencye.
Pathological Physiology

The concept of the pathology underlying the above descriﬁed
symptoms is, today, still incomplete. It is generally sgreed
that the lack of suprarenal cortical hormone is an importent
factor, but the precise effect of such an sbsence of hormone has
not been definitely established, The investigations which have
been cerried out with the object of ascertaining the pathology

which occurs with insufficient cortical hormone have been prac-
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tically all experimental in nature. Nany of the esrlier views are
today unteneble., Hevertheless, a complete resume of the work done
to date will be presented, that the reader may more essily compre=-
hend the eveclution of ideas,

For purpose of convenience, the meny theories that have been
advenced as to the true nature of suprarenal corticel insufficiency
can be roughly segregated into five groups. These groups associate
cortical insufficiency with failure to maintain the circulatory
and water balance in the animal, alterations in carbohydrate mete
abélism, upset in mineral balance, derangement of kidney funetion,
and disturbence of urea and nitrogen retios.

Chief among the earlier theories as to the underlying pathe-
ology of cortical insufficiency, is that associated with distur-
bance in the fluid and circulatory belance of the body. This
theory gained prominence through the work of Corey (1927) and
Merine and Baumenn (1927). Corey postulsted thet since forcing
fluids prolonged the life of his adrenslectomized énim&ls, that
the underlying mechanism of the symptoms wes due to & dehydration,
thus allowing for the sccumulation of toxic substances in the
animal. Merine and Baumenn likewise concluded thet diuresis wes
one of the important factors determining the survival of their
experimental animels. They likewise concluded thet the initisl
loss of fluid from the body after experimental adrenaleufomy we.s

essociated with acidosis. Britton (1930) in a general review of
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the problem slso recognized that there was & tendency towards
increased concentration of the blood and écid intéxication. This
explanation, howsver, was not cenerally accepted by the majority
of investigators as the fundamental alteration with the exception
of Swingle. Swingle et als (1933) (1934) strongly cheampioned the
theory that the suprarensl cortical hormone was primerily concerrsd
in the repgulation end msintainance of & normal cirenlating volume
of fluide As a menifestation of this chenge, they cite the de-
crease of blood pressure which is so often observed. In their.
conception the diminished circulation volume was due to the inebil-
ity of the adrenalectomized animal to draw fluid back into the
bloo@ stream from the tissue spaces. This explanation wes so ap=
plicable in their opinion that they say, "It is our opinion that
8ll ﬁhe menifestations, symptoms and physiologiceal peculiarities,
which oceur in adrenal insufficiency (experimental), ere merely
resﬁﬁts of e progressively failing circulation due to decressing
volu@e of circuleting Pluid." Swingle et al: (1936) working with
dogs, found that cortical hormone administretion in large gquenti-
ﬁiesiaffected o redistribution of fluids in the body of the sup~
rareﬁalectomized animal.

' The possibility thet the kidney was intimately connected with
the éymptoms attendent upon the removal of the suprerenal:-cortices,
has ;ikewise been long considered. The theory of kidney dysfunction

has been closely associated with the alterations in the eirculatary
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balance previously stated. Swingle (1927) first postulated the

feilure of kidney function as the cause of the acidosis which ap=
peared in his adrenslectomized animals. Harrop and his co-workers
in conjunction with Swingle end Pfiffner (1931) believed that the
results of experimental corticel insufficiency indiceted either a
direct or indirect influence of the adrenal cortex on kidney
function, especially in the excretions of fluids, chlorides, and
urea nitrogen. Swingle and Pfiffner (1932) observed thet renel
insufficiency was & constant finding after adrenel ablation.
These investigators were unable to demonstrate any significant
snatomical lesions in those animels dying from adrenal insuffice
iency, and assumed %haﬁ the renal lesion, if such weas present,
-was a functional one. In the following year, Swingle et al:
(1933) presented their theory of the altefation in the circula=-
tory end fluid balance of the body as the underlying factor in
cortical insuﬂficiehcy and considered the remal aisturbance as &
secondary menifestation. Harrop et aly (1933) took e more con=
servative viewpoint end considered the kidney as the locus of the
regulatory mechanism exerted by the adrenal cortical hormones The
kidney in turn wes considered to participate in the regulation of
the slectrolyte balance znd fluid distribution of the body.

‘It has been rather well established that there is a rise in
the non protein nitrogen and urea nitrogen in the sdrenslectom=

ized animals by the work of Britton (1930), Harrop et al; (1932),
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Swingle end co-workers (1933), and Koelsche (1934). None of
these workers considered the alteration in the nibrogen levels

a3 the fundemental change which occurred in experimental cortical
insufficiency, but rather as & secondary menifestation. Harrop
et alg (19323vhawever, used the nitrogen concenﬁration of the
bleod as a method for determining the efficacy of their trest-

ments in suprarenalectomized dogs. They considered a decrease

" of the urea nitrogen and non protein nitrogen to normel es the

earliest indication of the recovery of their anim&ls<from Cor=
tical.insufficiency. Koelsche (1934) believed the cortical
hormone to exert & spering action on nitrogen metebolisme

The theory that ebsence of suprarenal cortical hormone
we.s conéerned with a disturbance in carbohydrate metabélism was
first suggested by Britton (1930) when he observed the diminu=
tion of liver glycogen and blood sugar in adrenalectomized
animalse Although it wes generally accepted by the majority
of investigators, that such a diminution of ressrve sumar
occurred in those animels suffering from cortical insufficiency,
no one regarded such an alteration as being the fundamental path-
ology with the exception of Britton. Britton and Silvette (1931)=-
(1932) found that the blood glucose and liver end muscle glycogen
were considerably elevated within an hour after exiract treatment
of their sdrenalectomized rats. The storage of liver glycogen,

elone, "was enhanced three to five times above that found in the
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controls.” They believed the disturbance of carbohydrate met-
abolism was primerily responsible for the death of the untrested
enimels. They came to the conclusion that the life preserving
function of the cortical hormone was primerily concerned with
the maintenance of a normel carbohydrate balance in the body.
Theseconclusions were not generally accepted by other investi-~
gatorse. Britton and Silvette (1934) mede their most vigorous
defense of the theorys. They believed the general dscompensation
of the organism which follows adrenalectomy to be on the basis
of cerbohydrate deficlencies of & fundamental nature. They did
not consider tenable the possibility thet the carbohydrate dis~
turbance was secondary to the general disorganization of the
orgenism follcwing‘suprarenaleetomy, as was held by other inves-
tigators. These workers were strong opponents of the circul-
atory theory of Swingle et alj; (1933)(1934) since the adminise-
tration of large amounts of saline injections into their enimals
restored the ecirculatory volume but did not effeet the survival
period., The grest drawback to Bribton's and Silvette's pro-
posals, however, was that they admitted, "Glucose solutions are
apparently ineffective in the treatment of adrenalectomized
enimals." Zwemer (1934) considered the changes emphasized by
Britton and Silvette (1934) to be terminal phenomena rather than
fundamental in character, and expressed the opinion that altera-

tions of carbohydrate‘mobilization should be considered as just
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one of the many functions of the adrenal cortex hormone in the
maintenance of life. Harrop (1935) believed that the cortical
hormone had no direct influence on cerbohydrate metabolisme.

0f all the theories as to the possible underlying mechan=-
ism of adrenal cortex insufficiency, thet concerning the distur-
bance of mineral metabolism has received the.most comment. Wost
all of the investipators working in the field of experimentsal
adrenalectomy have, at one time or other, been involved in its
discussion. This hypothesis was first suggested by Merine end
Baumann (1927) who considered that sodium salts might have a
specific action in prolonging the life of adrenalectomized
enirals because of their suceess in the employment of saline
solutions as a therapeutic agent, Britton (1930) recognized the
tendéency téwards increase of serum calcium and the reduction of
blood chlorides in animals. suffering from adrenal insufficiency.
Harrop end his co-workers (1931) also suggested a direct or in-
direct influence of the adrenal cortex in the excretion of
chlorides. It wes not until the work of Loeb et alj (1933) how-
ever, that the problem received extensive consideration. These
investigator;%onsidered the loss of sodium from the body by way
of the urinary secretion to be an important factor in the devel-
opment of the cliniecal picture of adrenal insufficiency in the dog.‘
They considered the mechanism of the loss of sodium to be on the

besis of three possibilities, (1) "fixed base is called uron to
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participate in the excretion of large smounts of acid", (2) "loss
of sodium is secondary to the loss of ﬁater through the kidneys",
(Ej that thé loss of sodium is primery i.e. that the adrenal
glands exert a fegul&tory effect upon sodium metabolism analo-
gous to that of the parathyroid glands upon caleium and phos=-
phorus netebolism"s They believed the first theory to be unten-
able because investigative work showed no significant accumule-
tion of abnormal acid.radicais in the bloods The second theory
wes believed unlikely since their investigations showed the loss
of sodium from the tody tg be notably greater then the loss of
water, and furthermore, with primary dehydration an inerease
rather then the established decrease in the concentration of
sodium in the blood under these circimstances would be expected,
They concluded that the third hypothesis offered the most satis-
factory explanation for the behavior of the base sodium in adrenal
insuffieiencys Loeb et al; were also of the opinion that the
loss of chlaéride ion pa:allelled the loss of sodium ion but not
in equivelent amounts. Their work also indicated &n incresse in
the potessium ion in the blood. Hartman (1933) commenting on the
problem, récognized 8 change of the sodium snd potassium ions but
did not consider this change to be specifie either as a test for
edrenal insufficiercy or as a primary cause of the condition,.
Harrop snd his co-wofkers (1933) keeping their suprarenslectom-

ized dogs on a carefully measured food intske, found sn incresased
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exceretion of sodium chloride feollowing cessation of cortieal ex~
tract. They found that the electrolyte balance could be réstored
by the reedministration of cortical extractss These workers be-
lieved that the loss of salt in suprarenal insufficiency wes an=-
alogous to the collapse due to exposure to high temperatures in -
which great loss of salt occurs through the sweat. They were of
the opinion tﬁat at least one of the functions of cortical ex-
tract in the suprarenalectomized dog was & participastion in the
regulation of the sodium and chloride metabolism and consequently
of the balance and distribution of water. Harrop et al; came to
theconclusion that loss of electrolytes could not be teken to be
the cause of death in suprarenal insuffiqjency but the evidence
to date indicated it to be an importent factor in the genersal
syndrome. Rubin and Krieck (1933) in en anelysis of the blood of
rats suffering from experimental insufficiency, found & loss of
caleium, magnesium, sodium, potassium, phosphorous, chloride, and
nitrogen. Although they considersd it =& possibility, they did not
believe the primary action of the cortical hormone to be one of
salt regulation, Zwemer and Sulliven (1934) believed the syn-
drome of &drenal insufficieney, chemically, to be & disturbance
of salt and water metebolism, with loss of water and depletion
of sodium and blood chloride, together with an increase of potag=
siume This latter finding, in fegard to potassium, is in agree-

ment with the findings of Loeb et al; (1933) and in disagreement
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with the opinions of Rubin and Krick (1953). Zwener (1934) re-
affirmed his opinion that the adrenal cortex had & regulative .
effeet on the salt and water metabolism of the cell. Harrop
et al; (1935) after extensive experimentetion with the suprarenal-
ectonized dog, found that a normel concemtration of both plasma
sodiumkand chloride were required for the maintensnce of the an=-
imals. They state, "If the chloride falls anorexia:appssrs and
hypog lycemia eventually results.” "Fall in plasme sodium is accom=
panied by dehydration and hemoconcentration." They postulated
that the loss of chloride from the tlood had an intimate bearing
on the secretion of hydrochloriec acid in the stommch of the dog,
thus expleining the enorexia. These workers were one of the
f£irst to link their experimentsl findings with the cliniecal
symptomatology. Harrbp et al; (1935) ceme to the conclusion
that suprarenal cortical hormone wss probably concerned with the
regulation of sodium exerebtion by the kidney, and thus eventﬁally
with the proper ﬁaintenance of water balance in the orgasnism.
Kendall and co-workers (1935) because of their success with a
orystalline compound in the treatment of insufficiency, believed
a disturbance of sodium chloride metabolism to be intimately as-
sociated with the condition. Wilder et al; (1936) using elinical
materials for the 5asis of their sssumptions, found that admine
istration of & diet high in potassium content, produced a sharp

decrease in serum sodium and plesma chloride and e rise in serum
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potessium, accompanisd by the appearance of scute suprarenal
insufficiency. Swingle et al; (1936) however, disagreed with

this theory because they observed no change in the sodium and
chiloride levels of the plasme iniggiranimals treated with corti-
cal hormone and on & salt free diet. The investigations on the
electrolybe theory are brought up to date by the work of Harrop
et al; {198%6) who found‘a urinery loss of sodium and chloride,
and & retention of pobassium and nitrogen in their untreated
suprarsenalectomized dogs. Their work suggests that more emphasis
should be placed on the potassium balance. They state, "The
reinjection of cortical hormone in suprarenal insufficiency
causes an active renal excretion of potassium which is greatly
in excess of the probable extrea sccumulation of this component
in the extra cellular fluids during the period when insufficiency
is developinge

It is thus evident thst the underlying pathology of supra-
renal cortical insufficiency is still incomplete. Certeinly
little correlation exists between the theories of insufficiency
and the clinical symptomatology. It must be admitted, however,
that rapid strides are occuring in this problem and that the con-
giderations, to-day, are much more advanced than six years ago.
In summarizing, the present investigatirns inéicate‘a rather fun=
damentel relstionship between the suprarenal eorticél hormone and

and the sodium, chloride, and potassium balance of the blood.
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The regulation of carbohydrate metabolism, fluid balance, and
uree and nitrogen levels appear to be only a secondary relation-
ship. That the kidney plays a part in this syndrome is also in-

dicated.



ADRENAL CORTEX EXTRACTS

As a necessary measure in the study of suprarenal cortical
insufficiency, the verious suprarenal preperations should be
discussed. Much bﬁtternass has been aroused between the inves-
tigators in this field over the usefulness of their respective
preperations. It is to be regretted that more cannot be said
about the usefulness of the commercial preparstions which are
available today. For convenience of study, the preparation,
sssay, administration, and relative poteney of the verious
extracts will be taken up in their respective order.

Preparation

Huch dispute exists as to the investigator who first pre=-
pared an extract of the suprarenal capsule which demonstrated
therapeutic properties in adrenalectomized animals. As nearly
as the writer can determine, the honor bhelongs joiﬁtly to
Rogoff end Stewart, and Hartmann, MacArthur, and Hartmen, who
published their results in 1927. The former group of investi-
gators extracted dog adrenals with physiologieal salﬁ solution
and glyeerine. They proposed the name "interrenalin" for this
products Hartman and co-workers ﬁ&de sodium chloride extracts
of ox adrenals which supposedly containéd no epinephrine. They
believed the essential hormone of the sdrensl cortex to be pre=-
sent in their prepsration and proposed the name "cortin" for
this hormones. The results of these investigations created a .

-17-
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desire on the part of many workers to be the first to prepare
an extract suitable for commercisl menufacture. In this ac=-
tivity Rogoff and Stewart toock no pert, but were setisfied %o
perfect their new preparation and to confine its use to exper=-

imental work. Hartman and co-workers, and Swingle et al; were

chief among those who attempted commercialization. Swingle and

Pfiffner (1930) first prepared en agueous extract of beef ade
renals. Haftman (1930) likewise preparea an aqueous extract,
because of the sodium chloride content of the old preparation
necessarily limited the degree of concentration. Britton (1930)
in a review of the work done up to that time, evaluated the re-
sults in the following menner, (1) “epproximately 150 to 300
times the amount of cortex normally present in the animal has
been administered™, (2) "the extract to date has been shown to
be effective only when adrenalin is conteined in it", (3) "it
has not yet been fully ascertained that iﬁdefinitely long surw=
vivals are possible with the use of these extracts." Swingle
and Pfiffner (1931) advanced a step forward when they intro=-
duced permutit filtration as & meens for remavihg the epineph=-
rine during preperation. Britton and Silvette (1931) examining
both the preperations of Hertmen and Swingle, found the pro=-
duet of the latter investigetor to be more easily prepared.
Britton (1932), however, was of the opinion that the Swingle-

Pfiffner method of exiraction wes slow and believed that the
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resulting preparation was much too expensive, the cost of 1l00ce
being about thirty dollars. Grollman and Firor (1933) intro-
duced a method of extraction which they believed to be much simp-
ler and more efficient. They used acetone as an extraction med-
ium because of the relativély small emount of extraneous fatby
substance which remsined aftér its use. They also introduced
the use of alkali instead of permutit filtration as & method
for the removal of epinephrine. Pfiffner et al; (1934) also
emplo&ed acstone &s an extraction mediume Grollmen and co=-
workers (1935) introduced a simple method for absorbing the ad-
renael cortical hormone on charcoal, thus making it suitable far
oral administration. In the work of‘Pfiffnervet al; (1935) is
describéd a method of extraction which will serve as an example
of the more modern methods of preparation. "Whole beef glands
are extracted with alecohol. The agueous sludge resulting from
the removal of this solvent is extracted with benzene, which
leaves most of the adren&lin behind. The residue from the ben-
zine solution is extracted with acetone. The acetone-soluble
meterial is distributed between petroleum ether and Yprercent
aleohol., The alcoholic phase which contains the hormone is
freed from adrenalin and certain impurities with permutit, .Fur~
ther purification is effected by distribution procedure, taking
advahtage of the solubility of the hormone inAboﬁh aqueous media

and solvents such as ether asnd benzene."
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Assay

The biologicel assay of adrenal cortical extracts have Been
chiefly confined to such animals as the dog, cat, and rat.
Grollman end Firor (1933) utilized the rat method of assay, the
average smount of extract necessary for normsl growth in a 50
gram.adrenalectoﬁized rat was define& as a rat unit. This meth-
od of assay has not been generally accepted because of the fre=
guent occurrence of accessory interrenal tissue in this animal.
Harrop, Pfiffner, Weinstein, and Swingle (1932) proposed & meth-
od of assay based on the earliest indication of & rise in blood
non-protein nitrogen and urea nitrogen in the asdrenalectomized
doge Their method of assay has been the most widely accepted.
They define a dopg unit as "the minimum daily kilogrem dose of
cortical hormone mecessary to mainbein normal physiologiecal can=-
ditions in the bie-adrenalectomized dog for a period of seven to
ten days; the two criteria of normesl physioclogical conditions
being maintefnance of body weight and blood level of non pro-
tein nitrogen (or urea)."

Administration

The early cortex extracts were crudely prepared asnd not suite
ed for human usagee. Almost four years elapsed from the ﬁime af
the first preparation until Swingle and PPiffner (1931) reported
an agueous extract sultable for subcutaneous or intravenous adw

ministration in man. With this work as en impetus, investigation
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proceeded rapidly in the refinement of cortical extracts.
Rogof'f (1932) first reported the use of corticael extract by orel
administration., Using the extract of his own manufacture, he
was impressed by the fact that oral &dministration of the ex-
tract proved more valuable, in compensating for lack of cortical
hormone, than parenberal administration which wes used by all
other investigators. Britton (1932) discussing Swingle's and
Pfiffner's extract, admitted that the preparation wes effective
when given by mouth, although three to five times the usual
intraperitoneal dosage wes necessary. Harbtmen et al; (1932)
sdvocated the intravenous use of extraets onlj in those patients
suffering from a crisis. OGrollmen and Piror (1935) described
a method for absorbing the adrenal cortical hormone on charcosal,
thus making it more suitable for oral administration. Later in
the same year they reported it successful use, clinically.

Potency

As already mentioned, much rivalry exists to-dsy among ine

vestigators in this field as to the relative potency of their
respective preparations. The main discussion ¢entefs around the
comnercialized preparations of Hartmen, snd of Swingle. Rogoff's
"interrenalin" has not been so critically analjzed, probebly be-
cause it has not been commercially aveilable, Britton (1930)
gives a good review of the subject up to bthat time. He states

that the most effective preparations all contained some degree
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of sdrenalin and that, to be effective, 160 to 300 times the
amount of cortex narmﬂily present in the animal had to be admine
istered, He wes also of the opinion that it had not been proven
that indefinitely long survival periods were possible with the
exbracts in use. THe believed the aqueous extract of Swingle and
Pfiffner L1931) to be far superior to any extracts yet devised.
Priffner et al; (1932) commenting on the problem, believedbthose
extracts prepared from whole adrenal glands rather than dessicated
cortex to be four to eight times more éotent. Britton (1932)
hed altered his opinion coneerning the extract of Swingle znd
Pfiffner, believing that too large smounts were necessary to pro=-
duce results. Kendall and MacKenzie (1933) investigatiﬁg the
amount of esctive principle in the adrenal cortex extracts, found
that only a small fraction wss obtainable from either of the
preparations of Hartman, snd Swingle and Pfiffner. In 1934,
Rogoff, investigated the therapeutiec properties of Eschetin, the
comercial preparation of Parke, Davis and C8., which was de-
rived from the original formmla of Swingle and Pfiffner. Rogoff
found that Eschatin was totally ineffective when judged by the
criterion of Pfiffner and Swingle reg#rding its value in the
revival of cats prostrate from edrenal insufficiency. He con=-
eluded that it was not yet possible to rely with safety on the
manufacture of cortical extracts on a commercial scale, for gen~-

eral use. Biskind (1935) discussing commercial glandulaer products,



beiieved thet practically all adrenal cortical extracts, pre=-
pared\up to that time, contained toxic substances and thet none
of the commercial preparations on the American market possessed
much of the life-sustaining principle, Biskind, however, bew
lieved that the non commercial preparation of Rogoff and Stewart
wes as potent, both clinically and experimentally, as any then
in use. He concludes that the difficulties attendent with the
production of these extracts on a commercial scale have not been
surmounted. Grollwan and Firor (1935) agreed with Rogoff (1934)
that the commercial preparation derived from the original ex=
tract of Pfiffner and Swingle wes impotent and not suited for
clinical usage. JIn a case of Addison's disease associsted wikh
thr ombo=angiitis obliterans reported by Silbert (1937), both
Eéchatin and a recent laboratory product of Swingle and Pfiffner
were useds Silbert noted an unusually good effect following

the employment of the labdratory extract of Swingle end Pfiffner.
This extract was substituted for the commercial preperation
(eschatin) whieh had previously proved inéffeotive.

In summerizing it may be said that adrenal cortex extracts
ocoupy & rather unsetisfactory position, today, in many respects.
Their preparation is difficult and complicated and requires
e greet deal of cortex material, thus making their commercial’
production expensive. The present methods of extraction do not

ssem to be entirely sulted to commercial preparation because of
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the toxie product contained in the original extractions It has
not been definitelg proven, as yekb, that adrenal cortex extracts
are effective when uncombined with smsll amounts of adrenalin.
The méjority of preparations all contain some degree of adren-
alin, and it may be this compound that is the reaoctive prin=-
ciple., The potency of the commeréial prepaerations has been
minimized, hence casting their therapeutic application into dig~
respecte
Adrenal Cortex Hormone

Before considering the therapeutic application of the ad=
renal cortex extracts previously mentioned, a survey of the
possible underlying active principles is indiceted, so that
the reader will more eassily comprehend whaf is included in the
term, adrenal cortex hormone. The isolation, synthesis, and
chemical nature of the adrenal cortical hormone is only & recent
problem compered to the interval of time in which investigations
have been cerried on with adrenel cortex embtracts. The chemical
nature of the cortical hormone has interested few investigators
with the exception of Kendall, who hes done practically all the
work on this problem that is known todey. EKendall, however, has
mede rapid strides in the solution of the problem in the short
time he has been working.

Kendall (1930) wzs the first to make chemical studies on

' the suprarenal cortex. He reported the presence of a highly
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active and strongly reducing subsbtance known as hexuronic acid.
He believes this substance capable of inhibiting formetion of
pigment in any system in which pigment was formed. Kendall even
reported a case of Addison's disease which was treated for a
fortnight with hexuronic acid. He stated that this pastient
showed a distinet decrease of pigmentation. He concluded, how-
ever, that this’substance wes unable to keep animels alive
after complete extirpation of the suprarenal glands end was
probably unable to restore patients with Addison's dissase %o
health. No more work was done on the subject until the first

reports on sttempts to separate the active principle wes made

by Kendsall and MecKenzie (1933)e Working with the cortical

extracts which were then in general usage, they ceme to the con=-
clusion that the active principle was held in the protein frac=
tions through some combination with phosphoric scid. 1In the
same year, Kendall, Mason, MeecKenzle, and Myers, reported

a method for the separation of the active principle by ex-
traction with acetone in the presence of sulphuric acid st

pH about 3. EKendall tentatively suggested B o=hydr oxyphenyl-
hydroxypropionsddehyde as the chemical nature of the compound
isolated. Kendall (1934) considered this chemicel investige=
tion to be only partially complete and admitted that much re=-

search was still necessary. Wintersteiner, Vars, and Pfiffner

(1934) working independently of Kendall, were concerned with
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the identification of a crystalline productvwhich inveriably
obtzined from potent preperations of the cortical hormone.
They considered it doubtful if the hormone itself would prove
to be a niﬁrogenous eompound. Kendall et 2l; (1935) reported
the probable structure to be some form of a trihydroxy alde~
hyde and thg absence of a specific absorptién spectra showed
thg absence of the benzene ring. 1In the same yesr these in-
vestigators found physiologic and chemical evidence that two
factors, A and B, were present in the compound. They‘believed
that factor A produced the essentisl action of the cortiecal
hormone. The erystalline product, B, however, wes considered
as esgential before produet A would influence the concentre-
tion of sodium chloride and urea in the blood. They stated
that the compound under investigation, in the presence of
sodiﬁm.chloride, possessed all of the characteristic and essen~
tial physiologic properties of the most potent extracts of the
cortex of the suprarenal gland. In coneluding his work in 1935,
Kendall considered the most important problem to solve was
whether or not the crystalline compound which had been iso=

lated, was in fact the hormone of the suprarenal cortexX.
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THERAPEUTICS

Having presented the various factors which influence
the therapeutic approach to the préblem of suprarenal cortie
eal insufficiency, & more detailed discussion of the treat-
ments employed is now possihle. It should be kept in mind that
the discussion is in no way limited to the'therapy of Addison's
disease but rather concerns the ﬁreatment of suprarenal core
tical insufficiency no matber what the cause, Both clinical
end experimental data will be presented since the present theory
of therapy has been evolved through a study of these two fields
of investigation. TFor convenience of study the use of corfical
extracts, the use of mineral salts, and the combined use of
both suﬁstances will be presented in that order. Some discuss-
ion of the rationale of this type of therapy will be presented
at the conclusion.

Use of Cortical Extracts

The use of cortical extracts in the treatmwent of supraren-
al cortieal insufficiency had its foundation in the work of
Rogoff and Stewart (1926). These inves%iéators found the cor-
tices of the adrenal bodies could not be removed without a
fatal outeome in the dogs of their laboratories. This made it
possible to postulate the existence of an unknown hormone which
was essential to life. This investigation also mede ressonable

the assumption that scome form of cortical material would be of
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benefit to those sufferers of Addison's disease., Thus the dis=-
covery of Rogoff and Stewart wes a signal for immedi&te‘exper-
imental and elinical studies of the therapeutic possibilities
of cortical material.

The_first wﬁrk in this field of investigation was of nec-
essity experimental in nature. Three months following the
above publication, Zwemer (1927) stated that he likewise be=
lieved the cortical porbtion of the adrenal complex to be essen-
tial for life and that symptoms of adrenal insufficiency were
due to removal of the cortex and not the medulla of the gland,.
To substantiate his statements Zwemer cited some experiments
in which the life of adrenslectomized cats was prolonged by
transplanted cortex. He believed the prolongation to be due
to the resorpbion of the corticel tissue and its contained
hormone. Rogoff end Stewart (1927), utilizing a crude extract
of dog edrenals to which they applied the name "interrenalin",
increased the survival period of their‘adrenalectomized dogse
When they employed epinephrine, under similar circumstgncés,
they found no effecﬁ,on the survivael periode This work rather
definitely established the cortex as the essential portion of
the adrenal gland and gave impetus to the use of cortical ex-
tracts in the clinical trestment of suprarenal corticel ine
sufficiency. Hartmen, MacArthur, and Hartmen (1927) present=-

ed their cortical preparation "ecortin", which was believed to
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contain the essential hormone, and definitely prolonged the
lives of adrenalectomized cats. Although Rogoff snd Stewart
(1928) found a prolongation of the survival period of supraren-
alectomized dogs with their cortex extract, the improvement waes
less striking then in the series treated with Ringer's solution.
This letter finding becomes of significance when the use &f
mineral selts are discussed later. Swingle and Pfiffner (1930)
using an extract of their own make, indefinitely prolonged the
lives of adrenalestomized catse. At the time of publication,
some of the cats had been alive for eighty days. This rather
definitely proved, experimentally, thet some therapeutic value
was oontained in cortex preparations when it is considered thet
the average life span for adrenalectomized cabs is twelve days.
Hartman (1930) advanced a ste? further when he found extract
therapy not only enabled sdrenslectomized animmls to survive
indefinitely in good health but also to grow. Britton (1930)
however, was not so enthusiastic about the benefits of corti=-
cal extracts, experimentally. He called sttention to the faect
that most of the cortical extracts employed up to that time
were not entirely free 8f epinephrine. He was not yet satig=
fied that indefinitely long survivael periods were possible

with the use of extraéts and thet satisfactory proof wes nec-
essary to demonstrate the absence of aceessory cortical tissue

in treated animals. Pfiffner and Swingle (1931) allowed their




T

-30=

animals to lapse into complete prostration by witholding treate
ment and brought‘them.baek to normal health aﬁd activity by the
employment of cortical extracts. Swingle and Pfiffner (1932)
kept cats alive 100 days with their extract and came to the
conclusion that there was no such thing as an overdose in the
employment of exbtract therapy. Although subject to the limite
ations of eny experimenbtal work, these investigations indicated
some beneficial results could be expected from the utilization
of exbtraets, clinicelly. These experimentel studies also served
a5 & foundation by which the clinical investigations co:ld make
8 more orderly advance,

The first elinical studies were made by Bogoff and Stewart
(1929), who cited seven cases of Adddson's disease to prove
their assumption thet exbract therapy was of benefit in supre-
renal cortical insufficiency. Seven cases of Addison's disease
of varying intensity had Tteen observed by these workers since
1927, and all had received "interrenalin". 1In only one case
was the diegnosis confirmed by pﬁstmortem examination, and the
fatal result was believed by Rogoff and Stewart to be due to
voluntary discontinuance of treatment. The remsining six cases
all appeared to show definite improvement under the regime qf
these investigabtors. Rogoff and Stewart considered their re-
sults promising but believed & much longer peried of observe-

tion wes necessary hefore the possibilities of permenent recov-
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ery were considered. Kendall (1930) making chemical studies

of suprarenal cortex found a highly active and strongly reducs
ingsubstance to be present which he considered &s hexuronic acid.
Trestment of a patient with Addison's digease for a fortnight
with this substance, showed & distinet decrease of pigmentae
tions Kendall coneluded, however, that this substance wes pro-
bably unable to restore this patient to health. Rowntree et al;
(1930), using the prep&raﬁiog of Swingle snd Pfiffner, brought
e patient from the state of collapsé beek to normel three times
during a period of six months. In the interval between the
erisis the parient hed been put on the Muirhead regime (the ad-
ministration of epinephrine hypodermiecally and whole adrenél
glands by mouth)e The patient hed not received continuous ine
jections of cortical extract because of the limited amount
available at that time. From the dramstic results in this case,
Rowntree and co-workers were convinced of the apparsnd effic-‘
acy of this cortical extract. Rowntree and co-workers (1931)
reported a further series of twenty cases of suprarenal insufe
fieiencys. Three of these cases apparentiy recelved eadequate
treatment with cortical extract in the opinion of Rownktree

and co=workers, but did not do well. Two cases of this group
of three were found to have tuberculosis of the suprerenal
capsules at aubopsy while the other case ﬁﬁs found to have

adrenal atrophy. They considered the resulbs of this group




L

~F P
found at subopsy. O(ne case wes kept alive for nesrly eight
months by the use of "cortin". That cortin was of benefit
was indicated by four definite relapses which followed the
reduction or discpntinuanee of this therapy. This case fin-
ally died of a pneumonie, The other case wes no% considered
to have had sufficient thérapy. Thompson and Whitehead (1931)
reported three cases of suprarenal insufficiency under treets:
ment with cortical extract. The improvement in these cases
wes very slow and graduale. These investigators, however,
considered this type of therapy to be much more satisfactory
than the Muirhead regimes previously used on these patients,
Herrop and Weinstein (1932) reported a series of nine patients
which had been treated with cortical extract for periods veary-
ing from three to eighteen months. Of this number there were
five deaths, Tour showing at autopsy marked or complete core
tical atrophy, end one bilateral suprerenal tuberculosis. The
remaining four patients were maintained in rather good éondi-
tion although with somewhzt restricted sctivity. Their
studies indicated that more favorable results could be ex=
pectbed if trestment wes started esrly in the disesse snd in
patients who have had few or no relapses. Hartmen and co=
workers (1932) reported an additional six cases, two repre-
sented severe stages of Addison's disease and four others pre=

sented less severe sspects of the syndrome. All of these were
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to indicate thet cortical extract treatment is not inveriebly
effective., Of the twenty cases, two cases were in s state of
collapse when treetment wes sterted. Both cases died and were
found to have bilateral tuberculosis of the suprearensls at
autopsys The results of these twe cases are in merked contrast
to the report of Rowntree et al; (1930), just previously dise
cussed. Five cases made a partial response to trestment while
at the clinie but required nearly continuous treatment follows
ing their dismissal. Such cases were unsatisfactory from the
standpoint of rehabilitation but the extract therspy wes un-
doubtedly life saving. Of these twenty cases, four mede an
excellent response to treatwent while under care of the in-
vesti ators, but 41id not continue treatment at home and died
in crisis. Yo postmortem reports were availsble on this group
of Pfour. Kine cases of this group of twenty made & satisface
tory response to therapv and have continued to do so. FRowntree
and co-workers ccnsiéered a course of treatment in the aversge
case to consist of the administration of from 40 to &0ce of
extract over a period of from four to ten days. Summerizing
the results of these investigators, it is seen that the therépy
advised was at best 50% effective., Such results, however, still
made the cortical extract ﬁherap¥ the most effective treatw
ment at thet time. Hertman and co-workers (1931) reported

two cases in which almost complete atrophy of the adrenals was
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being mainteined in fair health at time of publicebion with
one exception. This latter case died while under treetment of
only three days. Rogoff (1932) reported the results of treat=
ment in a group of 21 cases and non~trsatment in a group of
12 patients. Of the six patients under treatment in 1929, when
Rogoff and Stewart mace their first report, one wes still alive,
having been maintained altogether for e pericd of 75 veers on
the "interrenalin regime. Oflthe rerfining five cases first
reported in 1929; all had dled, either of acute exacerbations
of the syndrome or secondary infections. The group of twenty-
one patients, which had been uﬁder treatment, had an average
survival period of approximately three years. The group of t
twelve ceses, which had been under therapy other that extreact
administration had & duration of life of one vesr. BRogoff again
emphasized‘that permanent cure should not be expectéd and be=-
lieved that early diagnosis offered a much betber opportunity
for successful therapy. The observetions of Rozoff were the
first to have the backing of the time factor. Host previocus
investigators had allowed too short s time intervael to elapse
betwesen the beginning of extract therapy and their conclusions.
Greoen, Walters, and Rowntree (1933) reported a case of supre-
renal insufficiency which wss believed to be the first to
undergo & major operation while upon extract.therapy. The pa-

tient survived the operation successfully with adeguate pree
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operetive and post operative cortex extract.

In 1933, however, other methods of trestment were coming
into vogue and the use of cortieal extracts, alone, fell into
disrepute., TIndeed, Hertman (1933) says of his own product
Cortin, "In the terminal stages of Addison's disease cortin
sometires fails to bring about recovery." Harrop et al; (1933)
in & review of the problem, believed the cliniecal value of ine-
jections of the cortical hormone as a routine trestment dur-
ing the remissions of Addison's disease had not been setis=
factorye. They were of the opinion that the chief value of
cortical extract wes best demonstrated in the- treatment of
relapses. Kincov, Zillessen, and Rowntree (1934) like=-
wise reported a cese in which treabtment with cortical extract
was relatively ineffective after the initiel administration.

Reviewing as a whole the investigstions which employed
the cortical extracts es the sole therapeutic messure in cases
of suprarenal cortiecal insufficiency, the results were not the
mogt desireable nor were the extracts dependable as thera=
peutic measures. This type of therapy, however, did repre=-
sent a definite gtep forwerd in that it wes much more getige=
factory than the previously employed Muirhesd regime. With the
advent of newer methods of treatment and more modern investiga=-
tions, the velue of cortiecal extrac%s waé gradually deemphe=
sized unt;l this form of therapy was congidered 85 & necessary

adjuvant to successful tresatment rather that s psnacea for
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cortical insufficiency.
Use of Mineral Salts

The type of therapy which was destined to supersede the
use of cortical extracts had its basis on the experimental work
of Stewsrt and Rogoff (1925). These workers observed sn increeased
survival period of adrenalectomized dogs mainteined only on
Ringer's solution. Corey (1927) observed that solutions of cer-
tain substences such as glucose and sodium chloride were more
effective than others in maintaining their animals in a normal
condition following bilasteral epinephrectomy. Like Stewart and
Rogoff, Corey believed these fluids to be merely pallitative
meesures rather than curative and could in no way substitute for
the missing hofmone. The real clue to the problem came, however,
from the work of Marine and Baumann (1927). These authors exper-
imented with several cortical preparations of their own making
as possible agents to maintain the life of their adrenalectomized
snimals. Using the durstion of 1ife as the test, itheir results
indicated that certein preparations prolenged life but that the
degree of prolongation might as well have been due bo the water
and sodium chloride injected with the extracts as To any substance
peculiar to the extracts. Indeed, they say, “"Administration of
physiqlogical salt solubtion alone caused an average higher dura-
tion of life than the cortical extract", As an sfterthought they

surmised the seodium iom might alsc have a more specific action
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in prelonging life than simply offsetiing acidosis, Rogoff and
Stewart (1928) publishing a series of observations on adrenal
insufficiency, observed many of the facts which were to be found
in the work of Marine and Beumann (1927). Rogoff and Stewart ob-
served a marked prolongation of the survival period in thelr ad-
renalectomized dogs by the daily injection of Ringer's solution.
They also noted a marked amelioration of symptoms, even when
acute, following these injections. Although a similar series of
animals were treabed with cortical exbract, the results were less
striking than the series to which Ringer's solution had been ad-
miniétered. These investigators, however, considered the salt
solution as an adjuvant to the use of cortical extrzcts in the
treatment of cortical insufficiency, since the salt solution
could not substitute for the missing hormone, They considered the
use of salt solutions to be indicated in those cases where it
was necessary to wash out of the body system the accumulated
toxins, thus allowing the hormonal extracts to exert a better in-
fluence, They also considered salt solutions as valuable in the
therapy of crisis. In spite of these postulatioﬁs which tended
to emphasize exbtract therapy, they admitted, "To our own obser-
vations the Ringer treated animals even seemed to survive lon-
ger than the extract treatedts Unlike Marine and Baumen, Stewart
and Rogoff made ho suggestion concerning the possible influence

of the sodlum ion alone. The latter investigabors alsec tended to
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deemphasize the real results of their experimentetion in favor
of the more theoretical treatment. If Rogoff and Stewart had
given more emphasis to the beneficial effects of salt solutions,
much of the overemphasis glven to cortical extracts in the fol-
1cﬁin; years would have been prevented, since the opinion of
these authors carried considerable weight at this time,

Although the results of the above investigations, espec-
ially Tthose of ligrine and Baumann, and Stewart and Rogoff, in=~
dicated that a partial benefit could be obtained by the usé of
solutions containing mineral salts, the therapeutic possibilities
of such solutions were disregarded in favor of the theoretical
treatment. The work of these authors wes forgotten in the years
to follow, and all investigetive work was engaged in perfecting
cortical extracts for use clinically and for commercialization.
Approximately sixz years following the work of Stewart and Rogoff,
investigators once again turned thelr attention to testing var-
ious solutions as possible aids in the therapy of cortical in-
sufficiency, In the intervael which had elapsed, cortical extracts
had not proven to be the sole answer to the problem, Rubin and
Krick (1933) were among the first investigators to recall the
upset of calcium, sodium, potassium, magnesium, chloride, and
nitrogen balances following adrenal ablation. These authors made
& mixture of 0.03% CaCl,, 0.01% MgCly, 0.7% NWaCl, and 0.03% XCl.

They observed s marked improvement in the adrenalectomized animals
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to which this mixbture was administered.Even if this solution
was not administered until within two or three hours before the
time of death would have ordinarily cceurred, the snimels were
restored to a normel state within five hours. Administration of
this solution alone kept their animals alive for at least four
months. The results following the employment of normal salt sol-
ution were less striking than with the above mixture. Swingle and
co-workers (1934), however, found that injections of normel sal-
ine solution equal in:samount to the cortical hormone given, were
without effect on the symptoms of experimental cortical insuf-
ficiency. Zwemer (1934) found that certain amounts of sodium -
chloride by mouth were effective in prolonging the life of
adrenalectomized cats.Zwemer was of the opinion that sodium
salts would be of great benefit clinically in those cases of
partial insufficiency in which some active cortico-adrenal cells
were still present. He did not believe sodium chloride to be a
cure for adrenal insufficiency but rather a necessary adjuvant
to extract therapy. Gaunt, Tobin, and Gaunt (1935) believed the
general finéing for salt treatment, expreimentally, was a pro-
longation but not an indefinite maintenance of life. Harrop et
al; (1§35) reported a group of experiments in which suprarenal-
ectomized dogs were maintained in apparently normel condition
for a period of five months without the use of any suprarenal’

gland preparation and by the administration of sodium chloride
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and sodium bicarbonate alone. Withdrawal of these salts pro-
duced the typical sympbtoms of adrenal insufficiency. Harrop et
al; (1935), however, did not believe the dogs could be indefi-
nitely maeintained on such a mixture but injections of cortical
extracts would be necessary to enable the animal to maintain
the salt balance. Thus it may be observed that the trend of
thought included a combination of both cortical extract and
salt solution as the proper therapeutic measure for suprarensal
cortical insufficiency. Kendall (1935) added further to this
postulation by showing that adrenalectomized dogs could not be
maintained adequately when either salt or corbieal extract alone
were administered, but when‘combined the result was striking.
Richter (1936) showed that the salt appetite of adrenalectomized
rats was markedly increased, and i this appetite was satisfied,
the survival rate over those on a salt free diet was markedly
proionged.

With the adven®t of experimental studies on the use of salt

solutions in 1933 and disregard for administration of cortical

extracts clinically, clinical observations on the employment of

salt therapy began to appear. Among the first to make such ob-
servations were Harrop and co-workers (1933). These men conside
ered the clinical value of injections of cortical hormone as a
routine treatment during the remissions of corbical insufficlency,
to have proven very unsatisfactory up to that time. In their

opinion the chief value of the extract therapy was to be found
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in the treatment of the relapse. They reported four cases of
hormone insufficiency which were maintained in & very satisfac=-
tory manner by the simple administration of from one to six

grams of sodium chloride daily addition to high salt content
dlets. These cases were maintained in this manner entirely free
from extract injectlons except during periods of relapse as the
result of intercurrent infection. Snell (1934) likewise believed
salt therapy to be an indispensable adjuvant Lo the therapy of
Addison's disease and that its administration greatly reduced
the need for hormonal extracts. In contrast to Harrop (1933),
Snell believed the salt therapy to be more useful in the treat-
ment of crisis rather then the remissions. Blankenhorn and
Hayman (1935) pointed out the failure of corticsl extract, alone,
to prevent the development of crisis. They reported a case
which was maintained for a period of four months in fair condi-
tion by sodium chloride alone, without cortical extract, When
the patlent was first seen, an extreme suprarenal insufficiency
crisis existed. These authors also found that other sodium salts
could be substituted for the chloride salt without detriment.
The amount of salt administered in this case was twelve grams
daily, almost twice the amount ubtilized by Harrop (1933),
Although the above investigations strongly emphasized the use-
fulness of salt therapy, the work was modified in large measure
by the series of publications by Kendall (1935). This author

administered twelve to fifteen grams of sodium chloride o =
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ent daily bub failed to prevent the appearance of acute
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symptoms of adrenal insufficiency. Grollman and Firor (1935)

likewise belisved the remedial effects following the use of

sodium chloride alone were only temporary, and like other use-
ful forms of therapy these were incapable of supplying the need
for the adrenal cortex hormone.

When all coneclusions as to the proper therspeutic approach
to suprarenal cortical insufficiency are considered, it is dif=-
ficult to decide just what treatment is indicated. The variance
of opinion among the investigators cited above, certainly does
not justify making a definite conclusion. Although up to the
year 1933 cortical exbtracts were considered to be specific for
this condition, their usefulness has since been minimized.
Sufficient beneficial effects resulted from their usage, how-
ever, that corbtical extracts must be included as a part of the
ideal treatment. In a like manner the use of solutions of min-
eral salts were emphasized, but recent investigations indicate
they are incapable of maintaining in a sabisfactory condition
patients suffering from cortical insufficiency. The obvious
guestion which occurs in the reader's mind is, just what treat-
ment should be employed?

Combined Use of Mineral Salts and Cortical Extracts.
The solution to this guestion was found when the two methods

of Therapy were combined. Support for such a possibility is to

be found both experimentally and clinically. Although they did
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not necessarily advocate the combined type of therapy, Rogoff
and Stewart (1928) and Zwemer (1934), when they really wished

to prolong the lives of thelr experimental animals, employed
both cortical extracts and salt solutions. Clinical observations
such as were made by Rogoff (1832), Hartmen eand co-workers
(1932), and Snell (1934), proved the remissions from symptoms
of insufficiency were more lasting when both Types of therapy
were combined. It was not until the time of Kendall (1835),
however, that this form of therapy was strongly advocated.

This worker found that neither experimental animals nor human
subjects progressed satisfactorily when cortieal extracts or
salt solutions alone were preécribed.‘ﬁhen the two methods were
combined, however, the results were striking. At the present
time the majority of investigators, who were formerly opposed

to one another as to the respective merits of a particular treat-
ment, consider the combination of both cortical extracts and
scdium chloride to offer the most satisfactory therapeutic ap-
proache.

* Wevertheless, certain cases of insufficlency failed to
nrogress satisfactorily even on this type of therapy. On several
occassions it was noted that cerbtain cases of severe Addison's
disease developed insufficiency in spibe of an adequate inbake
of sodium chloride and liberal use of a cortical hormone of
proved potency. It remained for Wilder, Snell, Kepler, Rynearson,

Adams, and Kendall (1936) to point out snother factor which had
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heretofore received scant attentlon. Working on the proven fact
that an increase of serum potassium existed in patients suffer-
ing frowm cortical insufficiency, they found that ingestion of a
certain amount of potassium preduced a sharp decrease in serum

sodiun and plasma chloride with the appearance of insufficiency

sympboms. This was found to be true even though the diet con-

b

tained a liberal amount of sodium chloride. Clinically, if the
inbake of potassium was no higher than that provided by an ore

grams or more) even generous guentities of sod-

&

dinery diet (4
ium salts (18 grams of WaCl) would not prevent the development

ral

of crisis. These authors cited three cases which were maintained
in good condition by the administration of sodium salts only,
providing the intake of potassium was restricted.These cases had
previously required the administration of corticel hormone. One
patient was meintained for seven days without difficulty on a
diet restricted in sodium salts, whilse subsisting‘on a diet low
in potassium. These workers considered the ideal diet for cases
of cortical insufficiency to include 1.6 grams of pobassium or
less and at least 16 grems of sodium chloride daily.
Physiology

To attempt an explanation as to how these various forms of
therapy induce beneficial effects in patients afflicted with
cortical insufficlency, is indeed difficult. As each form of
treatment was evolwved, certain theories were postulated to ex-

plain the basis for their effect. Stewart {1929) commented on
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the newly discovered remedial effects of inbtravenous salt solu-
tions. He explained their heneficial effect as due to the neutra-
lizing action on toxic products, which accumulated in the body
system during cortical imsufficiency, thus aiding the action of
cortical extract administration. Swingle and Pfiffner (1932)

were of the copinion that cortical extract administration made

possible a restoration of kidney function, thus allowing for

the normal excretion of metabolites which were known to accum~

1

ulate in the blood stream during insufficlency. Hartman (1933)
was not guite so specific in his explanatiom. This author be=
lieved the cortical hormone to be simply a general tissue hor=
mone., He considered the beneficial effects attendent with its
administration to be due to its importance as an essential body
component. As for the administration of salt solutions, he con-
idered these as alding in the resbtoration of the water exchange
of the tissues. Zwemer and Sulliven (1934) considered the corti-
cal hormone tc be intimetely related to the ability of the body
ells to metabolize salts and water, Harrop and co-workers (1935)
correlated sodium chloride administration as a factor in the re=-
storation of the plasma chloride level. When the plasma chloride

was restored, the secretion of hydrochloric acid in the stomach

was agsin possible, thus relieving the distressing symptom of

o

’

anorexia, These authors considered the suprarensl cortical hor-
mone &8 probably concerned with the regulation of sodium excre-

tion by the kidney, and thus eventually with the proper mainten-
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ance of wabter balance in the organism. In 1936 these same authors
correlated the beneficial effects of suprarensl cortical hormone
administration as due to the large amounts of potassium excreted
by the kidney. The rationale of the treatment advocated by Wil-
der, Snell, Kepler, Rynearson, Adams, and Kendall (1936) was not
guite so theoretical'in nature. These authors were aware of cer-
tain proven fundemental facts, which were known to occcur during
insufficiency, and regulated thelr therapy accordingly. The pot-
assium was kept low in the diet because it was known to increase
during insufficiency. The sodium and chloride salts were adminis-
tered freely because -. decreases of these salts were evidenced
during insufficiency. The cortical hormone was also administer=-
ed because it was certainlly partially absent. Although such an
explanation is still umsatisfactory in meny respects, the work
of these authors represents & logical attempt to restore all
possible abnormal fachbors to normel. Whenithe numerouws other
possible factors concerned,with mineral metabolism are consider-
ed, it 1s impossible to offer a loglieal explanationm for any par-
ticular type of treatment until the logical therapy, itself, is

worked out.
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SUMMARY

In summarizing the problems of suprarenal cortical insuf-
ficiency, certain salient features are prominent in the progress
of the investipgative work to date:

l. TIsolation of the suprarenal cortical hormone in the -~
crystalline form and discovery of the true chemical nabure of
this hormone is not far distant.

2. Partial absence or lack of secretion of the cortical
hormone is apparently assoclated with profound alterations of
water and mineral metabolism. The importance of the cortical
hormone as an essential feature in the maintenance of life and
as a general tissue hormone must also be recognized.

3« Cormercial corticel extracts must be ilmproved before the
acne of perfection, from a therapeutic standpoint, is reached.

4., The symptomatolozy of suprarenal cortical insufficiency
remains unexplained on the basis of the postulations as to the
fundamental physioclogical disturbances which occur in this syn-
drome.

5. The therapy which is theoretically sound eand is apparent-
1t beneficial, combines the use of cortiesal hormone preparations
as an adjuvent teo increased sodium and chloride salts, and de-
creased potassium salt consumption.

6. From the therapeutic aspect, the symptomatic relief of
suprarenal c¢ortical insufficiency is still not entirely satis-
factory. Meny other factors still remain to be considered., The

-d T
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possibility of an upset in calecium metabolism and an interre-
lationship between the adrensal cortex and parathyrold glands
are to Le considered. The entire endocrine balance and the re-
lationship of other glands of internal secretion to the adrensl
cortex must elso be taken into account, In the last analysis it
must'also Ee remembered that 80% of the cases of suprarenal cor=
tical insufficlency are associated with tuberculosis, which,

alone, 1s a distincet therapeutic entity.
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ADDITIONAL FACTORS RELATED TC THE PROBLEM

Before the discussion of the problems of suprarenal corbti-
cal insufficiency is complete, mention of the additional pos-~
sibilities in the therapeutic use of the cortical hormone is
necessary. When cortical exbracts were first found to give bene-
ficial results in cases of Addiscn's disease, The hormone elabor-
ated by the adrenal cortex was immediately considered 4o be a
penacea for many ills. An enormous amount of investigative work
we.s undertaken to test the therapeutic possibilities of this hor-
mone in almost every disease entity. From these investigations
practically nothing of present day value has been derived. As
the cortical hormone was found to be less specific in the treat-
ment of Addison's disease, cortical hormone therapy in other
fields was likewise minimized. At the present time cortical hor-
mone therapy is employed in only a few fields,

It has been rather definitely known for about fthree years,
that some relaticnship existed bebween the suprarenal corbex
and vitamin C. Svirbelv and Kendall (1936) called attention to
this relationship because of the constant presemce of ascorbic
acid in the suprarenal glands of normal animals, Atuthe present
time the suprarenal cortex is believed to be only a éﬁorage
depot for this acid. Wilson, Rowley, and Gray (1936) called at-
tention to the usefulness of cortical extracts as an adjuvant
to the treatment of burns. They considered the hormone to be

beneficial in combatfing the acute toxemia which results from
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burns. In the field of obstetrics Freeman and ¥elick (1935)
have reported the successful use of coritical hormone in the
treatment of pernicious vomiting of pregnancy. Cohen and Rudolph
(1936) considered the possibility of cortical hormone as a sub-
stitute for epinephrine in the treatment of asthma. The hormone‘
was found bo have little significent effect. Of all the claims
as to the bensficial effect of cortical hormone therapy, the
most striking is the one reported by Coffey and Humber (1936).
They reported the use of an aqueous extract of suprarenal cortex
in 7,513 cases of inoperable and hopeless malignancies. At the
end of five years a review of the results of treabment revealed
10% of the cases still living.

To make conclusions as to the benefit of cortical hormone
in conditions other than those which result from insufficient
function of the suprarenal cortex is impossible. The investiga-

tive work must stand the test of time,
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