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It may be appropriate to discuss in this Nobel Lecture three general aspects

of cortisone and pituitary adrenocorticotropic hormone (ACTH): (1) the

development of the theory which eventually led to the use of cortisone and

ACTH in  rheumat ic  and  cer ta in  o ther  condi t ions ;  th i s  I  sha l l  do  in  some

detail, giving certain data not published heretofore; (2) the present status of

cortisone and ACTH in general medicine; this topic I shall discuss summarily

in view of the several current reports thereon; and (3) some major require-

ments for the orderly development of cortisone and ACTH as therapeutic

agents;  this aspect will  be touched upon briefly.

Development of the Theory which Led to the Use of Cortisone and ACTH

in Rheumat ic  Diseases

Previous opinions on the prognosis of rheumatoid arthritis. T h e  a n a t o m i c  a n d

clinical  identity of what we now call  rheumatoid arthritis  was established

fairly clearly about 100 years ago. During the next 75 years medical writers

emphasized the distressing chronicity of this condition.

Rheumatoid arthritis was called "one of the most intractable, obstinate,

and crippling diseases that can befall the human body" (Lane and Griffiths,

1890). Distinguished English clinicians were concerned by "the great and

lasting feebleness" (Garrod, 1859) which the disease produced and by its

"cases of ruin and despair, in one sense more malignant than cancer" (Spen-

d e r ,  1 8 8 9 ) .

A contrasting feature of rheumatoid arthritis, that of its occasional remis-

sions,  attracted the attention of some writers (Garrod, 1876;  Osler,  1892;

Jones,  1909).  But relatively complete remissions were so uncommon or so

unpredictable that they were regarded as medical curiosities,  the sponta-
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neous appearance or therapeutic induction of which was hardly to be ex-

pected. This air of pessimism regarding the rheumatic disease in general and

rheumatoid arthritis in particular still finds expression in some of the modem

writings and texts.

Ameliorating effect of jaundice on rheumatoid arthritis. I t  was  in  th i s  g loomy

tradition that,  beginning about 1923, I  served my rheumatologic apprentice-

ship. But on April 1, 1929, a 65-year old patient at the Mayo Clinic told me

an unusual story. A few days before that date he was painfully affected with

rheumatoid arthritis,  as he had been for four years.  Then jaundice suddenly

developed, and within a week most of his arthritic manifestations had dis-

appeared. The jaundice lasted five weeks but the rheumatoid arthritis  did

not relapse until several weeks after the jaundice had disappeared.

The thought occurred: Instead of being relentlessly progressive, this dis-

ease,  rheumatoid arthritis,  may be potentially reversible,  more so than we

have believed, perhaps rapidly so.

During the next f ive years (1929 to 1934) observations were made on 16

patients with chronic arthritis  or fibrositis  in whom jaundice of different

types and degrees d e v e l o p e d3 9 d , e . If  the jaundice was deep enough and was

characterized by bilirubinemia of the "direct-reacting type", the rheumatic

symptoms quickly diminished or disappeared for varying lengths of time

(days to months) and then gradually returned.

Early speculations regarding the ameliorating agent of jaundice. T h e  f a c t  t h a t ,

contrary to general opinion, rheumatoid arthritis  was potentially reversible,

and  rap id ly  so ,  thus  became increas ing ly  apparent s3 9 f , g , k .  But  what  agent

was responsible for the sudden reversibility of this disease during hepatitis

with jaundice? The dominant feature of visible jaundice suggested that a

b i l ia ry  cons t i tuent  might  be  respons ib le 3 9 d , e .  Was the amelioration of rheu-

matoid arthritis the result of a temporary excess in the blood and bodily

tissues, of a normal biliary constituent such as bilirubin or bile acids, or of an

abnormal substance produced during jaundice,  such as an autolysate of the

liver or of some other tissue? 3 9 d , e .  I t  seemed reasonable to believe that such

s t r ik ing  re l i e f  f rom rheumato id  ar thr i t i s  was  e f fec ted  by  some subs tance

which was normal to the human organism rather than by an abnormal mate-

rial
39f,h

. Therefore the hope was expressed "that jaundice provides to the

general circulation, not an abnormal product but a normal constituent,  ade-

q u a t e  a m o u n t s  o f  w h i c h  p e r h a p s  t h e  a r t h r i t i c  p a t i e n t  d i d  n o t  h a v e" 39f ,h .
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But  because  the  amel iora t ing  e f fec t  o f  j aundice  somet imes  las ted  severa l

weeks after the values for serum bilirubin in blood had returned to normal

it  did not seem likely that bile pigments were responsible 39f ,h .

Therapeutic implications. The therapeutic implications inherent in these ob-

servations were recognized, and the hope was expressed that further studies

might lead to the discovery of the responsible agent which might some day

be provided at will
39e-h. "A study of the phenomenon may enhance our

knowledge of the pathogenesis of these [rheumatic] diseases and may lead

to some superior method of treatment" 39j.

Attempts  to reproduce the phenomenon of relief  by us ing  substances related to

jaundice and the liver. A search for the ameliorating agent,  "Nature’s dra-

m a t i c  a n t i d o t e " 39g was begun. To test the validity of the conjectures men-

t ioned  above ,  and  in  an  a t tempt  to  reproduce  the  phenomenon  o f  re l i e f

which may occur during spontaneous jaundice,  various methods were em-

employed 39g,h,j,k . Volunteers with rheumatoid arthritis were given bile salts

by mouth, a derivative of a bile acid (decholin) orally and intravenously,

l iver  ex t rac t s  parentera l ly ,  ox  b i l e  by  proc toc lys i s ,  and  la rge  amounts  o f

human bile by stomach tube. A few other rheumatoid volunteers underwent

transfusion with blood from highly jaundiced patients. But these procedures

had no significant antirheumatic effect.  One rather desperate rheumatoid

patient permitted me to give her toluylene diamine by mouth; unfortunately

and surprisingly, the jaundice induced thereby was of the hemolytic type

and did not induce a remission 3 9 h.  Then, to other volunteers with rheuma-

toid arthritis,  bil irubin was given intravenously alone, or in combination

with decholin after the method of Thompson and Wyatt (1937).  Although

the patients experienced marked hyperbilirubinemia and became strikingly

pigmented, the results were negative or at least quite inferior to the effects

o f  s p o n t a n e o u s  j a u n d i c e39g,h

.

The ineffectiveness of these various substances, the ones which were most

obviously related to jaundice, strengthened an earlier suspicion that, despite

the dominant feature of visible jaundice, the antirheumatic "substance X"39h

might be "an extrahepatic substance found or activated elsewhere than in

the l iver as the indirect result  of jaundice" 39g, j, or at any rate, that it might

be some substance not necessarily related to jaundice.  Thus it  was stated,

"Among other phenomena, pregnancy, which seems to have little or noth-

ing to do with bilirubin, often provokes a similarly effective if less dramatic
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remission in [rheumatoid] arthritis. . . If this represents a chemical control, I

wonder if  Nature in the last analysis has more than one way of controlling

the arthritic process.  There should be some common denominator between

the two reactions and, off  hand, bilirubin seems to be excluded" 39h.

Ameliorating effect of pregnancy. For many years observers, noting the greater

incidence of rheumatoid arthritis among women, had speculated as to pos-

sible relationships between this disease and the menses,  pregnancy, and the

postpartum state. The literature of the past century contains scattered refer-

ences to the subject,  generally only a sentence here or a paragraph there.

Earlier writers generally believed that pregnancy and especially the puerperal

state exerted an adverse effect on patients with rheumatoid arthritis (Trous-

seau, 1871;  Charcot,  1881;  Bannatyne, 1896;  Strangeways and Burt,  1907).

But it  was also occasionally noted that pregnancy sometimes temporarily

checked the disease (Garrod, 1890; Llewellyn, 1927).  In summary, the con-

flicting and confusing opinions stated that rheumatoid arthritis may be pre-

cipitated by, or first  appear during, pregnancy; that it  may be aggravated

during, or relieved partially or completely by pregnancy; or that the disease

i s  unaf fec ted  by  pregnancy  but  aggravated  by  the  pos tpar tum s ta te .  No

critical  investigation appears to have been undertaken to clarify these con-

fusions.

At the Mayo Clinic we saw, not infrequently,  patients who had become

pregnant during the course of their rheumatoid arthritis.  It  was observed

that most of them noted, not long after the onset of pregnancy, an undramat-

ic and slowly progressive development of relief from their arthritic disability.

Prior to 1929 this phenomenon did not engage our attention except for the

matter of recording it  in the appropriate records.  But after 1931,  records of

these cases were more carefully made and assembled by my colleague, Dr.

Charles Slocumb, and me, because of my growing belief that this phenom-

enon of relief was analogous to, if not identical with, that which may occur

d u r i n g  j a u n d i c e3 9 d , f , and that the same agent might be responsible for the

re l i e f  bo th  dur ing  pregnancy  and  jaundice ,  a l though  the  mechanism for

developing  the  agent  might  be  d i f ferent 3 9 h.

Relationship between the antirheumatic agent of jaundice and that of pregnancy.

As a result  of observations on the effect of 34 pregnancies on 20 patients

w i t h  r h e u m a t o i d  a r t h r i t i s  t h e  p a t t e r n  o f  t h e  a r t i c u l a r  r e l i e f  d u r i n g  p r e g -

nancy was described in 1938
39i .  A more extensive study was summarized in
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1 9 4 93 9 m .  Regarding a possible relationship between the antirheumatic sub-

stance X of jaundice and that of pregnancy, the following tentative conclu-

sion was reached: "It does not seem illogical to suppose that the agents

responsible for both these phenomena are closely related, perhaps identical,

and if  the agent is  a chemical substance,  i t  would appear that it  is  neither

bilirubin nor a strictly female sex hormone" 39h. i.

Could substance X be a bisexual hormone? The comment continued: "It is

in teres t ing  to  note  the  c lose  chemica l  re la t ionsh ip  be tween  such  d iverse

substances as cholesterol [which may increase in blood in both jaundice and

pregnancy] ,  e rgos tero l ,  the  precursor  o f  v i tamin  D [which  was ,  in  1938 ,

considered by some to be useful in rheumatoid arthritis] ,  some of the sex

hormones [which were occasionally given to rheumatoid patients with neg-

a t i v e  o r  e q u i v o c a l  r e s u l t s ] ,  c o r t i n ,  a n d  b i l e  a c i d s .  F u r t h e r  s t u d i e s  a r e  i n

progress to discover if  possible,  the responsible agents for therapeutic pur-

poses .  I f  the  potent  common denominator  o f  these  two phenomena  -  the

ameliorating effects of pregnancy and of jaundice -  can be discovered, pro-

gress in treatment may be expected" 39i.

One of the chief biologic changes related to pregnancy was known to be

a marked increase in the bodily concentration of certain hormones. Thus it

was  the  s tudies  on  the  amel iora t ing  e f fec t  o f  pregnancy  which  l ed  to  a

transfer of interest from some biliary substance to a consideration of some

hormone as the possible substance X. Although cortin (whole adrenal ex-

tract) was one of the glandular extracts which we listed for consideration in

1938 we did not use it till later.

But which (if  any) hormone might substance X be? Despite the dominant

feature of pregnancy the following facts seemed to speak against the l ike-

lihood that the unknown antirheumatic agent was a unisexual hormone, that

i s ,  a  f emale  hormone  or  one  s t r i c t ly  re la ted  to  pregnancy :  (1) j a u n d i c e d

rheumatoid males obtained the same relief as non-jaundiced pregnant fe-

males;  (2) the pattern of relief during pregnancy did not clearly coincide

with the time periods during which any one of the then known female sex

hormones was reported to be increased; (3) certain female sex hormones,

admin is te red  f rom t ime  to  t ime  to  a  f ew rheumato id  pa t i en ts  by  var iou s

workers  inc luding  my co l league ,  Dr .  Char les  S locumb,  had  produced  no

striking or consistent relief. Hence it was conjectured that if substance X was

a  hormone  i t  was  not  a  un isexua l  ( f emale )  hormone  but  a  b i sexua l  one 39i .
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Specificity of these phenomena. Changing views were held as to the specificity

of the effects of jaundice and pregnancy. Among our first  patients relieved

by jaundice or pregnancy were a few with fibrositis,  intermittent hydrar-

throsis,  or sometimes sciatica,  as well  as those with rheumatoid arthritis .

Therefore the phenomenon of relief was at first (1934) regarded as "prob-

ably non specific",  at  least not specific for rheumatoid arthritis  alone 3 9 e , f .

Later (1938) the phenomenon was tentatively regarded as being "relatively

specific for rheumatoid arthritis and fibrositis"39h,j . Then (1940) it was noted

that patients with hay fever and severe asthma, egg sensitivity or migraine,

were sometimes relieved by intercurrent jaundice;  in other words hepatitis

with jaundice appeared to "invoke an anti-allergic as well as an antirheumat-

i c  r e a c t i o n " 3 9 k.  Finally,  data were collected which suggested that patients

with psoriasis or psoriatic arthritis,  asthma, migraine,  hay fever,  Addison’s

disease,  and myasthenia gravis were sometimes relieved during pregnancy

and/or jaundice
3 9 m. Therefore the phenomenon of relief by the hypothetical

common denominator  o f  j aundice  and  pregnancy  came to  be  regarded  as

"group-specific rather than disease-specific" 39k,m .  This of course enhanced

greatly the potential  importance of substance X.

Rela t ed  phenomena .  Through the  years  dur ing  which  these  s tudies  on  the

effects of jaundice and pregnancy on several diseases,  but particularly on

rheumatoid arthritis,  were being pursued, it  was noted that somewhat sim-

ilar,  though less dramatic,  symptomatic remissions could be induced, oc-

casionally by reactions to typhoid vaccine 3 9 a , k , m ,  not infrequently by almost

a n y  s u r g i c a l  o p e r a t i o n3 9 d , k , m , and  a l so  by  shor t  per iods  o f  s ta rva t ion3 9 k , m .

We  suspec ted  tha t  anes thes ia  a lone  might  be  an  impor tant  fac tor  in  the

production of the transient postoperative relief  which followed diverse sur-

g i c a l  p r o c e d u r e s  o n  p a t i e n t s  w i t h  r h e u m a t o i d  a r t h r i t i s3 9 d , m.  My co l l eague ,

Dr .  S locumb,  conf i rmed th i s  fac t ,  produc ing  cer ta in  degrees  o f  a r t i cu lar

improvement by giving various anesthetic agents alone to several rheuma-

t o i d  v o l u n t e e r s8 6.

The phenomena of relief by these various other procedures were regarded

as probably related somehow to the more familiar phenomena induced by

jaundice  or  pregnancy
3 9 d , f , k . But for a long time speculations thereon did

not provide a clue as to the probable identity of substance X.

Recapitulation of conclusions and conjectures ( 1 9 2 9 - 1 9 4 0 ) . I n  s u m m a r y ,  t h e

following conclusions and conjectures were arrived at from 1929 to 1940,

partly as a result of various clinical observations and partly as the result of
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numerous experimental failures*. In  pass ing ,  i t  may  be  wor th  ment ion ing

tha t  the  deve lopment  o f  the  theory  which  eventua l ly  l ed  us  to  the  use  o f

cortisone and ACTH in rheumatic and other conditions was guided as much

by our failures to induce experimental remissions with certain particular

substances as it was by interrelating the clinical observations.

It was decided that: (1)rheumatoid arthritis was not necessarily a relentless

progressive disease but was potentially reversible; (2) there developed during

jaundice  and  pregnancy  (perhaps  a l so  dur ing  typhoid  vacc ine  reac t ions ,

starvation, and anesthesia) an antirheumatic "substance X"; (3) if non-

jaundiced pregnant women and jaundiced males were relieved in a similar

manner ,  a s  seemed l ike ly ,  subs tance  X  was  not  a  un isexua l  ( f emale )  hor -

mone nor the product of a damaged liver;  (4) substance X was probably a

b io log ic  compound
3 9 h , m  w h i c h  i s  n o r m a l  t o  t h e  h u m a n  o r g a n i s m3 9 f , h ,  o n e

w h i c h  i s  s p e c i f i c  i n  n a t u r e  a n d  f u n c t i on3 9 h , m ;  and (5) in view of the amel-

iorating effect both of pregnancy and of jaundice,  substance X might be a

b i sexua l  hormone .

Could substance X be an adrenal hormone ? Prior to 1938 my conferences with

Dr. Kenda11 concerning the possible nature of substance X were irregular,

infrequent,  and casual.  But thereafter he became my chief collaborator,  and

my conferences with him became more and more frequent.  As we tried, on

innumerable occasions from 1938 to 1948,  to conjecture what might be the

chemical nature of substance X, neither of us knew that he and his associates,

work ing  on  compound E  ( the  adrena l  cor t i ca l  subs tance ,  17 -hydroxy- I I -

d h de y rocorticosterone) in his laboratory a few yards away, were at that very

moment isolating, identifying, and preparing to synthesize "substance X" or

a reasonable facsimile thereof.**

It would not be proper to infer that my confidence in the validity of these

developing concepts was constant and unwavering. One was often dealing

only with subtle suggestions, and it was frankly recognized that one or more

* During these several early years (1929 to 1940) in which the above-mentioned
clinical observations were made and these ideas were being formulated, I had the
council and aid of many colleagues at the Mayo Clinic, chief of whom were my
departmental colleague, Charles H. Slocumb, M.D., who became associated with me
in 1934, and Edward C. Kendall, Ph.D., of the Department of Biochemistry.
* * It is the privilege of Drs. Kendall and Reichstein to describe on this occasion, in
their own Nobel Lectures, the isolation, identification, and production of the substance
which was called compound E by Kendall, substance Fa by Reichstein and his associ-
ates, and compound F by Wintersteiner and Pfiffner.
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of  the  main  presumpt ions  were  not  based  on  cer ta in  knowledge  or  fac t s ,

but were the (seemingly)  logical  development of  some other presumption

which ,  however ,  reasonable  i t  might  appear  to  be ,  might  be  e r roneous .

Hence, other possibilities were entertained from time to time and occasional

excurs ions  in to  the  empir i c  were  indulged  in .  In  1938  Dr .  S locumb and  I

gave to a few patients with rheumatoid arthritis ,  adrenal lecithin prepared

for us by E. C. Kendall  and B. F.  McKenzie.  We administered it ,  not as an

a d r e n a l  p r o d u ct  per se, b u t  i n  a n  a t t e m p t  t o  p r o d u c e  h y p e r l i p e m i a  w h i c h

often accompanies jaundice or pregnancy. No significant relief resulted.

Decision to administer compound E of Kendall .  During one of our conferences

in  January ,  1941 ,  Dr .  Kenda l l  and  I  dec ided  to  admin is te r  to  rheumato i d

pat ien ts  the  adrena l  cor t i ca l  subs tance ,  17 -hydroxy- I I -dehydrocor t i cos te -

rone, whenever it  might become available.  The reasoning behind this joint

decision was fragile,  but it  was logical  in the l ight of what we knew then

and know now. Sixteen years previously, in 1925, the weakness, fatigue, and

low b lood  pressure  common among  pat ien ts  wi th  rheumato id  ar thr i t i s ,

which we then called "chronic infectious arthritis", suggested to me that in

connection with, or in addition to, a supposed factor of infection, secondary

‘metabolic changes were present, and that the adrenal glands might somehow

be involved in this diseases 39b,c .  But  the  pos tmor tem examinat ion ,  in  1925 ,

o f  t h e  a d r e n a l  g l a n d s  o f  t w o  p a t i e n t s  w i t h  r h e u m a t o i d  a r t h r i t i s  l e n t  no

support to the vague suspicion regarding an adrenal factor 39c, and the notion,

though not forgotten, was laid aside.

In our conference of January, 1941, Dr.  Kendall  (with whom I had pre-

viously discussed not only the above-mentioned vague notion of an adrenal

factor in rheumatoid arthritis but also the striking if  transient remissions

sometimes induced by reactions to typhoid vaccine) remarked-that his com-

pound E  increased  the  res i s tance  o f  an imals  aga ins t  reac t ions  to  typhoi d

v a c c i n e .  K e n d a l l ’ s  c o m p o u n d  E5 6 , 5 7 , 6 7 ( subs tance  Fa  o f  Re ichs te in7 9)  w a s

being separated in small  amounts from the adrenal glands of animals but it

had not yet been tested in any human disease.  Might it  be useful against

rheumatoid arthritis? The decision to try it  out was recorded in my pocket

notebook. But we did not know then that almost eight years would elapse

before there would be enough of this adrenocortical substance to administer

to a rheumatoid patient.  Our plan to use it  remained attractive through the

several years of waiting.

In lieu of this.  hormone, Slocumb and I gave, in 1941, Kendall’s adrenal
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cortex extract, "cortin", to three patients with rheumatoid arthritis, without

   i m p r e s s i v e  r e s u l t s4 2. W i t h  n o n e  o f  K e n d a l l ’ s  c o m p o u n d  E  o r  a n y  o t h e r

likely product available to us we then (1941 and 1942;  1946 to 1948) pro-

duced in a few arthritis volunteers jaundice induced by the oral use of lacto-

phenin  a f ter  the  method of  Hanssen  (1942) .  Temporary  remiss ions  were

induced but we could not identify the responsible agent 3 9 m.

First use of Kendall’s compound E in rheumatoid arthritis. In August,  1948, we

tried to relieve a woman, badly crippled with rheumatoid arthritis, by giving

lactophenin orally to induce jaundice.  But no jaundice developed. We then

decided to try compound E (Kendall)  if  i t  was available.  Our earlier con-

jecture that substance X might be an adrenal hormone had meanwhile be-

c o m e  s t r e n g t h e n e d  b y  t h e  o b s e r v a t i o n  o f  o t h e r s1 0 , 2 6 , 9 9 , 1 0 0 , 1 0 5 , 1 0 6 , 1 0 8  t h a t

some of the seemingly diverse agents which often temporarily relieved ar-

thritic patients (foreign protein reactions,  starvation, various surgical oper-

ations) were now known to be capable of stimulating the adrenal cortex.

But despite our sustained desire to use this hormone whenever it  might be

ava i lab le ,  we  had  no  f i rm convic t ion ,  on ly  the  hope ,  tha t  th i s  compound

might  be  subs tance  X .

A  l e t t e r3 9 1  r eques t ing  enough of  Kendal l ’ s  compound E  for  one  pat ient

w a s  s e n t  o n  S e p t e m b e r  4 ,  1 9 4 8 ,  t o  M e r c k  &  C o . ,  I n c . ,  w h o s e  r e s e a r c h

chemis ts  ( ch ie f ly  Dr .  L .  H.  Sare t t 8 4) ,  w o r k i n g  i n  c o l l a b o r a t i o n  w i t h  D r .

Kendall and his associates, had finally succeeded in making a small amount

of this substance. The letter concluded: "We know that there is a potentially

provokable mechanism [for the reversibility of rheumatoid arthritis]  which

is activated by pregnancy and jaundice very rapidly, by jaundice for example

within three days.. . Therefore if any adrenal compound is of real significance

in rheumatoid arthritis we would expect to see some results within a very

few days." A small supply of Kendall’s compound E was soon received from

Drs. Randolph Major,  Vice President,  and James Carlisle,  Medical Director

o f  M e r c k  &  C o . ,  I n c .

Dr.  Kendall  and I decided to use for this first  rheumatoid patient daily

doses of 100 mg intramuscularly,  so that we might not commit the error of

underdosage .  Thus ,  on  September  21 ,  1948 ,  Dr .  S locumb began  to  admin-

ister to the above-mentioned patient daily doses of 100 mg of compound E

(not the acetate) in the form of a crystall ine suspension in saline solution.

Wi th in  three  days  the  pa t ien t  was  markedly  improved  and  cont inued  to

improve until  the daily dose was reduced to 25 mg.
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Because of very l imited supplies and the difficulties which were encoun-

tered in the preparation of the early suspensions,  only four more patients

were given compound E (which Dr. Kendall and I later renamed "corti-

sone") from September, 1948, to January, 1949. The preparation of the

suspens ions  o f  compound E  for  in t ramuscular  in j ec t ion  presented  many

problems  which ,  s tep  by  s tep  dur ing  these  months ,  were  so lved  by  Dr .

Kendal l ,  who has  d iscussed  them e l sewhere 56,57 .

I n  J a n u a r y ,  1 9 4 9 ,  w e  r e q u e s t e d  a  s u p p l y  o f  A C T H  f r o m  D r .  J o h n  R .

Mote,  then Director of Laboratories of Armour & Co. We first  administered

i t  o n  F e b r u a r y  8 ,  1 9 4 9 ,  t o  a  p a t i e n t  w i t h  r h e u m a t o i d  a r t h r i t i s .  T h e r e a f t e r

c o r t i s o n e  ( M e r c k ) ,  o r  A C T H ( Ar m o u r ) or  both  were  g iven  by  my asso-

ciates Drs. Slocumb and Polley, and by our assistants to a series of patients

with severe or moderately severe rheumatoid arthritis.  The first  report of

resu l t s  was  presented  Apr i l  20 ,  1949 ,  by  Hench ,  Kenda l l ,  S locumb and

P o l l e y4 0.  Dr.  Randall  Sprague had become our advisor in metabolic proce-

dures and carried out the metabolic studies which were made in some of

our cases by himself in collaboration with Drs.  Power, Mason, Albert,  and

M a t h i e s o n 9 4.

The  Present  Sta tus  o f  Cor t i sone  and  ACTH in  Genera l  Medic ine

General results of cortisone or ACTH in rheumatoid arthritis

Clinical effects. To date several thousand patients with rheumatoid arthritis

in various parts of the world have received either cortisone, generally corti-

sone acetate,  or ACTH, daily for periods varying from only a few days to

m a n y  m o n t h s .  T h e  r e s u l t s  o b t a i n e d  e l s e w h e r e3 - 8 , 1 7 , 2 2 , 2 4 , 2 8 , 5 0 , 5 2 - 5 4 , 6 0 ,

64,69,78,82,91,92,101,102 are in agreement with those reported from the Mayo
C l i n i c3 9 0 , 4 0 - 4 5 , 1 0 7 .

In practically all  cases most of the symptoms have markedly and quickly

diminished during the use of either hormone. Because the clinical results

from ACTH are essentially similar to those from cortisone it is assumed that

ACTH, when injected intramuscularly,  stimulates patients with responsive

adrenals to increase the production of their own cortisone, or a similar steroid

hormone  such  as  17 -hydroxycor t i cos terone  (Kendal l ’ s  compound F) * .

* This has since been named "hydrocortisone".
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When either hormone is given, there is a diminution, first of the subjective

phenomena (stiffness,  soreness,  tenderness),  later of the objective features

(fever if  present,  swelling, f lexion contractures if  not too long established,

size of rheumatoid nodules,  and enlarged lymph nodes).  A sense of well-

being, increased psychomotor activity,  and increased appetite and weight

commonly  deve lop .

Laboratory abnormalities tend to diminish. Sedimentation rates generally

decrease,  often rapidly. Hemoglobin concentrations may increase and hyper-

globulinemia usually decreases.  Urinary 17-ketosteroids generally diminish

during the daily use of 100 mg doses of cortisone, increase during the use of

A C T H4 2 , 6 6 , 9 4 .  E i ther  hormone  increases  the  excre t ion  o f  cor t i cos tero ids  in

urine. Urinary amino acids increase during remissions induced by cortisone

or ACTH as they do during spontaneous remissions or those related to preg-

nancy or jaundice
9 , 5 0. The hormones may alter the alpha waves in electro-

encepha lograms
6 , 4 9 , 7 8. They  do  not  prevent  format ion  o f  ant ibodies ,  nor

alter agglutinins to sensitized red sheep cells present in sera of rheumatoid

p a t i e n t 9 8.

Subjective relief  may be marked but incomplete,  almost complete or com-

plete.  Objective features usually do not disappear entirely:  some fusiform

thickening or painless articular bogginess may remain to show that the dis-

ease is suppressed rather than cured. Residual architectural damage to carti-

lage and bone remains unaffected. Articular biopsies of synovia,  carried out

before and at various times during the use of these hormones, have revealed

vary ing  degrees  o f  improvements3,42 .

Results of hormonal discontinuance. Relief of symptoms has usually lasted as

long  as  the  hormones  were  g iven . But thereafter relapses have generally

occurred :  usua l ly  wi th in  one  or  two  months ,  occas iona l ly  more  prompt ly

and severely (rebound relapses)
4 2. But a number of patients have retained

much, sometimes almost all ,  of their relief  for several months without the

aid of the hormones42. A few other patients have experienced a short relapse

for  about  a  month ,  then  rega ined  much  o f  the i r  prev ious  improvement .

The question arises whether these posthormonal remissions were spontane-

ous and coincidental or induced by the previous hormonal usage.

Undesirable physiologic effects ("side effects") of cortisone and ACTH. The do-

ses  o f  hormones  requi red  to  suppress  rheumato id  ar thr i t i s  a re  re la t ive ly

high compared to doses which protect addisonian patients (or patients with
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adrenal insufficiency)*. Often these doses are well  tolerated, especially if

g iven  for  on ly  a  few weeks ;  somet imes  they  are  not ,  in  which  case  the

consequences  o f  hypercor t i son ism deve lop ,  and  any  one  or  more  o f  a  va -

r i e ty  o f  e f fec t s  may  occur .  Some o f  these  a re  o f  l i t t l e  impor tance ;  o thers

are of greater consequence and may provide certain hazards to certain pa-

t i e n t s4 0 - 4 5 , 9 4 .

Side effects encountered fairly frequently have been mild irritability with

increased psychomotor activity,  an initial  retention, generally mild, of so-

dium chloride and water, producing fluctuant weight with or without visible

pretibial edema; mild hypertrichosis,  acneiform eruption or rounding of the

face. Fluid retention if it develops, is usually mild, generally lasts only a few

days  and may then  d isappear  even  though the  dosage  o f  hormone  i s  not

altered. The doses currently employed do not as a rule produce deficits of

e l e c t r o l y t e s  o r  n i t r o g e n ,  a t  l e a s t  i n  p e r s o n s  a l l o w e d  e a t  a t  w i l l .  C e r t a i n

r a r e  o r  r a t h e r  r a r e  s i d e  e f f e c t s  a r e  o f  s p e c i a l  i n t e r e s t6 - 8 , 1 4 , 2 8 , 5 0 , 6 9 , 7 2 , 7 8 ,

8 2 , 9 4 , 1 0 2 :  t rans ient  rena l  g lycosur ia  or  s ign i f i cant  reduct ion  o f  carbohydrate

t o l e r a n c e 6 , 4 2 , 5 1 , 9 3 ;  h y p o p o t a s s e m i c  h y p o c h l o r e m i c  a l k a l o s i s4 2 , 9 4 ;  t r a n s i e n t

major alterations of psyche which may develop for a few days,  generally in

persons with markedly disturbed personality patterns,  or with prepsychotic

o r  p s y c h o t i c dispositions
4 9 , 7 8 , 8 1 ; and  spontaneous  f rac tures  occurr ing  in

elderly osteoporotic persons usually after excessive physical activity. Signif-

icant interference with wound healing has occurred rarely in patients receiv-

ing the usual doses employed. So far all the side effects observed by us and

others  have  been  revers ib le  and  have  d i sappeared  when  the  dosage  was

lowered sufficiently,  or the use of hormone discontinued.

The side effects have been listed and discussed in detail  elsewhere 4 2 , 4 5 , 9 4 .

Physicians who would use these hormones should become familiar with these

possible side effects and-with certain measures devised for their prevention,

modi f i ca t ion  or  cont ro l .

Because of their potential effects, cortisone or ACTH should be used with

caution in the following: hypertensive cardiovascular disease, diabetes melli-

t u s6 , 4 2 , 5 1 , 9 4 ,  t u b e r c u l o s i s ,  o l d  r h e u m a t i c  c a r d i t i s  w i t h  d e c o m p e n s a t i o n6 8 , 6 9

9 4 , 1 0 2 ,  l a t e n t  o r  f r a n k  p s y c h o s e s8 1, m a r k e d  o s t e o p o r o s i s  a s s o c i a t e d  w i t h

s e n i l i t y  o r  w i t h  r h e u m a t o i d  a r t h r i t i s1 0 2 ,  a n d  p e p t i c  u l c e r s32 ,83 .

Cer ta in  measures  have  been  devised  to  prevent  or  modi fy  some of  the

* During the past few months we have been using smaller suppressive and smaller
maintenance doses than we used previously; results have been generally quite satis-
factory and will be reported elsewhere.
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u ndes i rab le  e f f ec t s4 2 , 4 5 , 9 4.  These include limitation of sodium chloride intake

to 1 g or less, and, if necessary, the oral use of a diuretic such as potassium

nitrate,  to control retention of fluid; oral use of potassium chloride if  nec-

essary to control.  deficits of potassium and chloride;  personality appraisals

and the avoidance or cautious use of the hormones in patients with prepsy-

c h o t i c  t e n d e n c i e s8 1; early reduction of the initial suppressive doses to lower

"maintenance doses" in all cases in which use of the hormones is prolonged
7,

28 ,45 ;  and  use  o f  es t rogen  ( such  as  5  mg o f  es t rone  twice  weekly )  in  meno-

pausa l  women somewhat  in to lerant  to  cor t i sone 4 2.

The  inc idence  o f  t roublesome s ide  e f fec t s  has  been  fa i r ly  low among

pat ients  g iven  the  hormones  for  a  few days  or  weeks .  As  a  resu l t  o f  the

procedures just mentioned and others, the incidence of side effects has been

declining among patients given the hormones for many weeks or months.

Potentiation of cortisone and A C T H . Attempts have been made to find some

synerg i s t i c  mater ia l  which ,  when  g iven  wi th  cor t i sone  or  ACTH,  would

enhance the effect of doses of cortisone or ACTH which were too small  to

produce side effects.  Salicylates and vitamin C, and more recently insulin,

have  been  recommended.  So  far  we  have  seen  no  potent ia t ion  o f  cor t i sone

from-such measures.  The effects of cortisone or ACTH given in conjunction

with gold salts to patients with rheumatoid arthritis  are being investigated;

detailed results have not been reported.

Gaps in Our Current Knowledge of Basic Facts. A  c o m p l e t e l y  r a t i o n a l  a n d

physiologic method for the administration of these hormones cannot yet be

developed because we presently lack sufficient knowledge concerning cer-

ta in  bas i c  fac t s .  The  main  de fec t s  in  our  knowledge  can  be  summar ized

briefly: (1) I t  i s  not  ye t  known how much  cor t i sone  or  ACTH i s  produced

daily by the adrenal and pituitary glands of normal persons, or by patients

with rheumatoid arthritis or with one of the other diseases influenced by

these  hormones .  (2 )  Exogenous  ACTH s t imula tes  respons ive  adrena ls  to

increase their production of endogenous cortisone but we do not know how

much that increase is in any given case. (3) The administration of exogenous

cortisone exerts a suppressive effect on the production of endogenous corti-

sone but we cannot yet measure,  with any degree of precision, the decrease

in  product ion ,  which  inc identa l ly  may  vary  cons iderab ly  dur ing  the  ad-

ministration of.  the exogenous cortisone. (4) We do not  yet  know whether

cortisone (or compound F, hydrocortisone) is the only adrenal cortical hor-
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m o n e5 , 6 6 , 7 3 .  L i t t l e  i s  known about  the  metabol i sm of  cor t i sone ,  about  how

much is util ized normally by the cells of the body, or how much is (nor-

mal ly )  a l t e red  or  des t royed  in  the  body  or  excre ted  be fore  i t  has  had  an

effect.

Until we acquire some of this knowledge we can only attempt to develop,

with intelligence and with concern for calculated risks, an empiric and reason-

ably safe method of administration.

Optimal Method of Administration of Cortisone and ACTH. For the investi-

ga t ive  management  o f  rheumato id  ar thr i t i s  and  o ther  chronic  condi t ions

which seem now to require prolonged use of the hormones, the basic policy

must be to provide the greatest symptomatic relief that is possible consistent

with the avoidance of undesirable physiologic effects.  If  doses which are

needed for full symptomatic relief produce significant side effects, one should

reduce the dose and be content with less than full suppression of rheumatic

symptoms, at  least until  a superior plan of administration is developed.

The  opt imal  dosage  and  method  o f  adminis t ra t ion  remain  to  be  de ter -

mined. Various plans of administration of cortisone and ACTH are under

i n v e s t i g a t i o n 7 , 2 8 , 4 5 , 8 2 .  T he  advantages and disadvantages of each plan have

been described. The main schemes include (1) repeated, fairly short,  inter-

rupted courses using the same hormone for each course;  (2) repeated, fairly

short,  interrupted courses,  alternating the hormones; using for example cor-

tisone for the first course, ACTH for the second course, cortisone for the

third, and so forth; (3) more or less continued administration of either hor-

mone: first the use of suppressive doses, then a gradual reduction to the level

of an effective maintenance dose, and then the prolonged use of maintenance

doses given either three days each week (intramuscularly) or daily (orally

or intramuscularly).  A significant number of rheumatoid patients are being

satisfactorily managed by this latter method. The combined tie of cortisone

and ACTH, given in differing proportions and by differing schedules, is also

under investigation.

Oral Administration of Cortisone. The former remarks about cortisone refer

chiefly to its  intramuscular administration. Current investigations indicate

that cortisone is also effective when given orally in tablet form. In May, 1949,

one of our rheumatoid patients responded very well  to the oral administra-

tion of capsules of highly concentrated adrenal cortex extract (Upjohn) con-

taining compounds E and F42,76.  From this experience and from the observa-
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tions of Heilman and Kendall 37 who  adminis tered  cor t i sone  to  an imals  we

c o n c l u d e d  t h a t  t h e  o r a l  u s e  o f  c o r t i s o n e  w o u l d  b e  e f f e c t i v e .  S a t i s f a c t o r y

results from cortisone tablets given to rheumatoid patients have been re-

por ted  by  Freyberg  and  h i s  assoc ia tes2 9,  b y  K u z e l l  a n d  S c h a f f a r z i ck6 0,  and

by Boland and Headley. Our own results have also been satisfactory 3 9 P , 4 3 , 4 5 ;

details regarding 100 cases will be reported soon with my colleagues, Ward,

Slocumb, Polley, and Lowman
107. The total daily oral dose which is effective

in most cases approximates in amount the effective daily intramuscular dose.

It is the preliminary impression of Freyberg and his associates, of Boland and

Headley, and of ourselves that when small  doses are given orally several

times a day the clinical effect may be more satisfactory and the incidence of

undesired effects may be lower than when one large daily dose is given intra-

muscularly.  The new method may be more physiologic,  approximating the

more or less continuous output of small  amounts of cortisone-like material

from the human adrenal cortex.

Extension of the Use of these Hormones against Other Conditions. W h e n  t h e

effectiveness of cortisone and ACTH against rheumatoid arthritis became

apparent we remembered that the ameliorating effect of jaundice and preg-

nancy  i s  not  d i sease  spec i f i c  but  group spec i f i c 3 9 k , m.  W e  r e m e m b e r e d  a l s o

that jaundice and pregnancy appear to exert an anti-allergic,  as well  as an

a n t i - r h e u m a t i c ,  e f fect3 9 k

. Therefore it  seemed logical to hope that these hor-

mones would be found to be useful against certain non-rheumatic as well as

other rheumatic diseases. If one could assume that cortisone (or a cortisone-

l ike  subs tance  such  as  Kendal l ’ s  compound F)  i s  the  amel iora t ing  agent

operating in jaundice or pregnancy, cortisone and ACTH might be expected

to be effective against ( I) various diseases commonly relieved by jaundice or

p r e g n a n c y3 9 m; (2)  diseases which involved essentially the same histologic

types of t issues (muscular,  f ibrous,  collagenous) which are affected in rheu-

matoid arthritis;  and (3) c e r t a i n  a l l e r g i c  c o n d i t i o ns3 9 k.

For these reasons, therefore, the first extension of the use of these hormones

by us, and then by others, was to cases of lupus erythematosus disseminatus,

and acute rheumatic fever,  then to various allergic conditions.

Results in rheumatic fever. Fol lowing  the  use  o f  e i ther  hormone ,  the  acute

manifestations of rheumatic fever have generally subsided quickly,  some of

them (fever, polyarthritis, tachycardia, "toxemia") usually within a few days,

others usually within two to three weeks (increased sedimentation rates, aug-
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m e n t e d  P - R  i n t e r v a l s ,  h y p e r g l o b u l i n e m i a )
2 , 4 1 , 4 2 , 4 4 - 4 6 , 6 8 , 6 9 , 1 0 1 , 1 0 2.  When

   present,  pre-existing chronic valvular damage and old cardiac hypertrophy

have remained unchanged. But in some cases certain manifestations of acute

carditis have been promptly lessened or abolished, and within the l imits of

our short follow-up studies (average: a few months) no definite persisting

signs of new or increased old carditis have developed from the acute attacks

which were suppressed by the hormones.

In a few reported cases in which there was frank or impending cardiac

decompensation, use of the hormones has caused troublesome but generally

transient retention of fluid. But in most patients with acute rheumatic fever

and acute carditis few if any major side effects have developed.

Cortisone and ACTH, although they suppress symptoms, do not "cure"

rheumatic fever, nor is it yet certain that they shorten the inherent duration

of its acute phase. Hence they must be given until the natural duration of the

acute phase, generally six to twelve weeks, has run its course. Otherwise, as

pointed out by my colleagues, Drs. A. R. Barnes and H. L. Smith, some or

all of the acute manifestations will reappear and remain either until the hor-

mone is given again or until the acute phase has spent itself.

Some evidence suggests that the proliferative as well as the exudative man-

ifestations of acute rheumatic carditis may be suppressed by these hormones.

If  so,  their proper use may prevent much pathologic change in the heart.

But  pro longed  observat ions  wi l l  be  requi red  to  de termine  whether  or  to

what extent these hormones will prevent the initial development or aggrava-

tion of rheumatic carditis.

Results  in other  condit ions.  T h e  a c u t e  a r t i c u l a r  m a n i f e s t a t i o n s  o f  g o u t3 1 ,

38,65,69,80,91,101,102,111,112 and the articular complications of disseminat-

ed  lupus  e ry thematosus
1 1 , 4 0 , 4 2 , 6 9 , 8 7 , 1 0 1 , 1 1 2 ,  u l c e r a t i v e  c o l i t i s2 0 , 2 3 , 4 2 , 5 8 , 1 1 2 ,

p s o r i a s i s 6 9 , 7 7 , 1 0 2

and  tubercu los i s42 have  been  found to  be - respons ive  to

these hormones in most,  but not in all  cases.  Symptoms of osteo-arthritis

have been modified in some cases,  but not in others.

The hormonal effects on the non-articular features of these diseases have

been varied. Many features of disseminated lupus erythematosus have been

temporarily suppressed, others have not.  Although remissions, not cures,

have been induced, use of the hormones has apparently been a l ife-saving

measure in certain acute crises of this disease. In ulcerative colitis, symptom-

atic relief of intestinal symptoms has been provided more often than objec-

tive improvement.  In psoriasis,  articular lesions have been more responsive
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than  the  l es ions  o f  sk in .  In  tubercu los i s ,  cor t i sone  and  ACTH appear  to

contro l  hypererg ic  t i s sue  reac t ions ,  and  may  reduce  cer ta in  symptoms2 7 , 4 2 ,

1 0 3.  But the hormones exert no bactericidal or bacteriostatic effect,  and be-

cause they inhibit  formation of fibroblasts it  has been suggested that they

may foster the spread of active tuberculous lesions
2 7 , 3 4 , 4 2 , 6 3 , 9 0 , 1 0 3 .  T h e r e f o r e

they should be used with considerable caution in tuberculous infections,  at

least for the present. But cortisone does not produce lysis of already existing

granulation tissue.

Several types of allergic reactions have been suppressed during the use of

these hormones and sometimes for varying lengths of time thereafter:  rag-

weed hay fever
1 5 , 4 2 ,  b r o n c h i a l  a s t h m a1 3 , 1 5 , 1 0 2 ,  s t a t u s  a s t h m a t i c u s1 0 2 ,  i n f a n -

tile atopic eczema, ur t i car ia ,  and  cer t a in  sk in  a nd  o t he r  r e a c t io ns  d ue  t o

penicillin,  gold, and other drugs1 3.

One of the more promising fields of usefulness for these hormones appears

to be the acute and subacute inflammatory diseases of the eye: uveitis, scleri-

tis ,  iridocyclit is ,  keratitis ,  chorioretinitis ,  sympathetic ophthalmia,  and ver-

nal conjunctivitis
3 5 , 4 7 , 5 9 , 9 6 , 1 0 2. In some cases cortisone in eye drops or oph-

thalmic ointment has been effective;  in other cases subconjunctival or intra-

gluteal injections were employed.

Less striking but still of considerable interest have been the results in some

cases of cranial  arteritis 85, p e r i a r t e r i t i s  n o d o s a8 5,  d e r m a t o m y o s i t i s69,102 ,  ne-

p h r o s i s 2 5 , 5 5 , 6 3 ,  s p r u e ,  b u r n s
1 9 ,1 1 0 ,  and  cer ta in  b lood  dyscras ias22,97 ,  e s p e c i a l -

ly leukemia and acquired hemolytic anemia.

The  poss ib le  in f luence  o f  these  hormones  on  many  o ther  condi t ions  i s

being investigated, and optimistic preliminary reports concerning some of

t h e m  h a v e appeared
1 4 , 7 2 , 1 0 2. But it  will  take years to evaluate the results

critically. If one confines his attention to those diseases about which opinion

seems to be fairly unanimous after one or two years of experience, one finds

that about fifteen or twenty diseases can be modified markedly or suppressed

a lmost  comple te ly ,  a t  l eas t  t emporar i ly .  What  makes  th i s  the  more  in -

teres t ing  i s  tha t  most  o f  these  respons ive  d i seases  have  been  here to fore

pecu l ia r ly  res i s tant  to  cont ro l  o r  even  to  t emporary  modi f i ca t ion  by  an y

previous remedy.

Speculations on the Mode of Action. Many of the numerous physiologic effects

o f  cor t i sone  and  ACTH appear  to  be  non-spec i f i c ,  meaning  tha t  i f  l a rge

enough doses are given long enough these effects will  develop in anyone,

normal or diseased. But the ability of these hormones to ameliorate markedly
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almost the whole symptom complex of certain diseases appears to be group

s p e c i f i c ;  a t  l e a s t  t h e  o u t s t a n d i n g  c l i n i c a l  r e s u l t s  o c c u r  i n  t h e  r h e u m a t i c ,

allergic,  and collagen diseases 3 9 n.

But  how these  hormones  accompl i sh ,  for  example ,  the i r  ant i rheumat ic

effect is still quite u n k n o w n
3 9 n , 0 , 4 5 . Because rheumatoid arthritis infrequent-

ly complicates Addison’s disease and because the daily dose required to sup-

press the responsive inflammation is considerably greater than that required

by addisonian patients,  it  appears that the hormones do not merely correct

some simple deficiency, such as one from an inadequate production of corti-

sone or ACTH. The administration of cortisone may correct a relative, not an

absolute,  deficiency and satisfy an increased tissue requirement for the hor-

m o n e4 5. Thus current opinion is that the hormones act at the tissue, or cell,

level. But this tentative conclusion must be the subject of much further study.

In providing relief, these hormones do not kill germs or appear to remove

the  unknown e t io log ic  i r r i t an ts  o f  the  condi t ions  which  they  amel iora te .

Thus they do not "cure" the diseases the symptoms of which they modify so

profoundly. But in an unknown manner they provide the susceptible tissues

with a shield-like buffer or protection against a wide variety of irritants.

The hormones influence beneficially,  not the irreversible pathologic anat-

omy or ashes of disease,  but the reversible part of the responsive diseases,

their pathologic p h ysiology, that is, the reaction of tissues to the irritant.

To use a figure of speech, these hormones appear not to extinguish the fire

nor to act like a carpenter to repair the fire’s damage. Instead they appear to

"dampen the fire" or to provide, as it were, an asbestos suit behind which

the patient, like some biblical Shadrach, Meshach, or Abednego, protects his

tissues from the fire. If this protection is removed prematurely before the fire

has spent itself, the patient and his tissues will react again to the burning. But

if the protection is not discarded until the natural duration of the fire is over,

the patient remains largely free of symptoms and apparently "well".

Search for Substitutes for Cortisone and ACTH. Miscellaneous Steroids. - Be-

cause of the cost, limited supplies and potential side effects of cortisone and

ACTH, some effective steroidal substitute has been intensively sought.  So

far the search has been fruitless. About 50 steroids have been tested by us and

o t h e r s  f o r  a n t i r h e u m a t i c  a n d  o t h e r  p r o p e r t i e s1 4 , 1 8 , 3 0 , 6 1 , 7 4 , 7 6 .  W i t h  t h e  e x -

cept ion  o f  17 -hydroxycor t i cos terone  (Kendal l ’ s  compound F ,  subs tance  M

of Reichstein) none has given significant results in the limited range of doses

which has thus far been explored. But a comparative study, by Polley and
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Mason, of the chemical configurations of these ineffective steroids with those

of the potent compounds E and F, has revealed the structural requirements

which appear to give the steroid nucleus its  antirheumatic properties and

which appear to be responsible for the physiologic activity of cortisone. They

are  a  ke tone  group a t  carbon- j ,  e i ther  a  ke tone  or  a  hydroxyl  group a t

carbon-II,  a ketone group at carbon-20, a hydroxyl group at carbon-17 and

at carbon-21, and a double bond between carbon atoms 4 and 5.

Compound F (Kendall)  -  Certain data suggest that Kendall’s compound

F (17-hydroxycort icosterone:hydrocort isone)  may be the  ul t imate  product

of the adrenal cortex 66,73 .  A l though  our  suppl ies  o f  compound F  have  been

very  meagre ,  the  ant i rheumat ic  ac t iv i ty  o f  th i s  compound appears  to  be

c o m p a r a b l e  t o  t h a t  o f  c o r t i s o n e4 3 , 4 5 , 7 6 .

Summary of Present Status. Depending  on  the  amount  o f  the i r  exper ience

with these hormones and also upon their own aggressiveness or conservatism,

American physicians,  including clinical  investigators,  would express widely

differing opinions as to the present status of these hormones in general medi-

cine.  Until  recently,  the hormones were used at the Mayo Clinic,  not partic-

ularly as forms of treatment, but as tools for physiologic investigations. But

physicians cannot remain academic and aloof to the army of patients who

ask, "How soon can you treat me with these substances safely and within my

means?"

Many investigators with one or two years of experience in the use of these

hormones believe that cortisone and ACTH can now be given limited prac-

tical  application in the management of conditions which may require rel-

atively short-term usage for a few days or weeks,  for example,  acute gouty

arthritis, acute rheumatic fever, acute ocular inflammations, acute or seasonal

a l l e r g i e s ,  a c u t e  s k i n  s e n s i t i v i t i e s ,  a n d  a c u t e  c r i s e s  o f  d i s s e m i n a t e d  l u p u s

erythematosus.

A s  f o r  t h e  a p p l i c a t i o n  o f  c o r t i s o n e  a n d  A C T H  t o  t h e  m a n a g e m e n t  o f

responsive chronic diseases,  the many investigations now being made are

revealing the scope and limits of their usefulness. Certain conservative, crit-

ical  rheumatologists have already expressed their belief  that the careful use

of these hormones as therapeutic agents for rheumatoid arthritis is  justified

and appears properly to be impending.

To permit the appropriate therapeutic and investigative use of these hor-

mones, the United States Food and Drug Administration has released them

for sale to all licensed American physicians.
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R e q u i r e m e n t s  f o r  t h e  O r d e r l y  D e v e l o p m e n t  o f  C o r t i s o n e  a n d  A C T H  a s

Therapeut i c  Agents

For the proper and orderly development of cortisone (or the cortisone-like

compound F) and ACTH as therapeutic agents,  chemists must learn how to

make these materials in more or less unlimited quantities, and physiologists

and physicians must try to learn how they produce their beneficial effects, or

in lieu of such basic knowledge, physicians must learn how to use them em-

pirically but nevertheless intelligently and safely. As stated elsewhere, "In the

presence of functioning adrenal glands we must learn how to co-operate with

them rather than to try to dominate them or take over their functions" 4 3.

Problems of production. In the competition for the attainment of their respec-

tive goals the biochemist and chemical manufacturer are somewhat ahead of

the physiologist  and the clinical  investigator.  Despite enormous difficulties,

the production of these hormones, especially cortisone, has been greatly in-

creased.

Cortisone. - Although none of the thirty-six steps required to convert

desoxycholic acid into cortisone has been by-passed, some of the steps have

been made less costly, less time-consuming, and productive of greater yields;

hence the cost has fallen from an estimated production cost of $1,000 a gram

i n  1 9 4 8  t o  t h e  c u r r e n t  ( N o v e m b e r ,  1 9 5 0 )  s a l e s  p r i c e  o f  $ 3 5 . 0 0  p e r  g r a m .

Despi te  cer ta in  news  repor t s ,  no  cor t i sone  has  ye t  been  made  f rom S t r o -

phanthus p l a n t s
1 2 , 1 0 4 ,  s o y b e a n s ,  o r  M e x i c a n  y a m s .  B u t  t h e  s e a r c h  f o r  n e w

starting materials for the partial  synthesis of cortisone, and for methods for

its total synthesis, continues and will doubtless be successful in time.

ACTH. - The pituitary glands of animals (beef, horses) other than the pig

now yield significant amounts of potent adrenocorticotropic hormone (Ar-

mour ’s  ACTH;  Wi lson’s  cor t i co t ropin) .  Potent  ACTH is  a l so  be ing  made

from the pituitaries of whales by Scandinavian scientist@.

A "long-acting" preparation of ACTH, prepared by Armour & Co., has

given satisfactory results in a few cases of rheumatoid, gouty and psoriatic

arthritis ,  rheumatic fever,  and ulcerative colit is .  Maximal duration of activ-

i ty  was  for ty -e ight  hours1 1 2 .

Several investigators
1 , 6 2 , 6 4 , 7 1 have  sugges ted  tha t  pept ide  f ragments  o f

ACTH may  re ta in  phys io log ic  ac t iv i ty ,  possess  a  much  smal le r  molecu lar

weight  than  the  parent  product  and  prov ide  the  hope  tha t  eventua l  syn-

thesis of a potent ACTH peptide may be accomplished.
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Compound F  (Kendal l ) . -  Unt i l  recent ly ,  compound F  o f  Kendal l  ( sub-

s t a n c e  M  o f  R e i c h s t e i n )  w a s  o b t a i n e d  o n l y  b y  e x t r a c t i o n  f r o m  a d r e n a l

g lands .  But  now the  b io log ic  convers ion  or  b iosynthes i s  o f  compound F

f r o m  s u b s t a n c e  S  ( R e i c h s t e i n )  i s  b e i n g  a c c o m p l i s h e d3 3 , 3 6 , 7 0  as  a lso  i s  the

synthet i c  product ion  o f  compound F  f rom a  precursor  o f  compound E1 0 9.

Development of a rational (physiologic) method of administration. As stated above,

the  deve lopment  o f  a  ra t iona l  or  phys io log ic  method  for  the  adminis t ra -

tion of these hormones will  not be fully accomplished until  more has been

learned  about  the  phys io logy  o f  the  p i tu i tary  and  adrena l  g lands  in  the

diseases  which  respond to  these  hormones ,  and  about  the  metabo l i sm of

cor t i sone ,  hydrocor t i sone  ( compound F  o f  Kendal l )  and  ACTH,  in  hea l th

and in disease.

One of the prime requirements is the development ofsatisfactory biologic

or  b iochemica l  methods  for  es t imat ing  the  amount  o f  these  subs tances  in

bodily fluids and tissues.  Thus we could learn how much of them are pro-

duced by the pituitary and adrenals of normal persons,  or of patients with

rheumatoid arthritis or other diseases.  The present chromatographic meth-

ods are useful,  but simpler,  more refined methods are desired 1 1 3.

Much more must be learned about the function of the pituitary and adre-

nal glands in rheumatic and other patients as compared to normal persons.

The majority of investigative rheumatologists and endocrinologist are as-

suming that the pituitary and adrenal glands are functioning normally in

most  rheumato id  pa t ients ,  the  conc lus ion  be ing  based  ch ie f ly  on  eos ino-

phi l i c  responses  to  a  s ing le  in jec t ion  o f  exogenous  ACTH (Thorn  tes t ) 1 0 1 ,

and on studies of urinary steroids.  But the fact that the adrenals of most

rheumatoids apparently secrete normal amounts of their eosinopenic-pro-

duc ing  hormone  ( cor t i sone? )  under  s t imula t ion  by  exogenous  ACTH does

not necessarily prove indisputably that the pituitary of the rheumatoid is

produc ing  normal  amounts  o f  endogenous  ACTH,  or  tha t  the  adrena ls  o f

the  rheumato id  are ,  wi thout  such  added s t imula t ion ,  produc ing  normal

amounts  o f  cor t i sone  or  cor t i sone- l ike  mater ia l .  And o f  course  what  a re

normal and adequate amounts for a healthy person may not constitute ade-

quate amounts for the ill .

Despite the fact that studies of the histologic structure of glandular tissues

do not always permit one to form precise opinions as to their physiologic

potency or normalcy, a more comprehensive study of the histology of the

p i tu i ta ry  and  adrena l  g lands  o f  rheumato id  pa t i en ts  (a l so  o f  o thers  who
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respond to these hormones), and "normal" persons, for example, persons

killed in accidents, and so forth, must be made at necropsy. Are the pituitary

and adrenal glands of rheumatoid normal histologically,  or are there some

(primary or secondary) evidences of disease therein? A British investigator 75

has recently recorded his belief  that there may be a characteristic histologic

abnormality in the pituitary of rheumatoid arthritics,  an abnormality not

found in controls. Others have recently reported the presence, in rheumatoid

patients,  of certain abnormalities in the metabolism of steroids which may

indicate a faulty secretion or an abnormal metabolism of the adrenocortical

hormones  in  th is  d isease 21,88 .  If  true, the significance of these abnormalities

remains to be determined.

From studies made with cortisone or ACTH labelled with radioactive iso-

topes  much  could  be  l earned  about  the  metabo l i sm of  these  hormones .

ACTH tagged with radioiodine and injected into the heart of animals passes

at once into the adrenal cortex where the radioactivity remains for about

two hours in rapidly decreasing amounts 8 9. Studies with cortisone labelled

with tritium, a radio-isotope of hydrogen, are also being made 1 6.  By these

and other methods it  may someday be possible to determine whether there

is, at the tissue level, a decreased utilization or an increased requirement for

c o r t i s o n e .

Characteristics of substance X. Unt i l  some  o f  the  above-ment ioned  inves t i -

gative methods have been developed we cannot test adequately the hypoth-

es i s  tha t  the  e f fec t ive  subs tance  X  o f  j aundice  and  tha t  o f  pregnancy  are

identical and that either or both are cortisone (or compound F).  Cortisone

or compound F is presently the most l ikely candidate for substance X. The

characteristics of substance X are: (1) that it is antirheumatic and antiallergic,

that, in other words, it is group specific rather than disease specific; (2) that

it  develops rapidly in jaundiced patients,  more slowly in pregnant patients,

and appears to operate in these patients during a characteristic period of time;

and (3) that its clinical effects are accomplished rapidly and are more or less

comple te  but  a re  t rans ient .  Cor t i sone  appears  to  possess  most  o f  these

characteristics.  But in the light of our newer knowledge we must study the

pituitary-adrenal relationships during the changing phases of (natural and

experimental)  jaundice and of pregnancy in rheumatic and non-rheumatic

patients. Similar studies should also be made in rheumatoid patients receiving

gold salts.  Thus we may learn how pregnancy and jaundice (and much less

commonly, gold salts) provide their benefits. We must test rigidly the valid-
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ity of the interesting but unproved assumptions that in pregnancy the pro-

duction of cortisone may be markedly increased 105 and that in hepatitis with

j a u n d i c e  t h e  n o r m a l  ( ? ) p rocess of inactivation or destruction of cortisone,

perhaps by the l iver,  may be lessened with a resultant relative increase in

cort isone 45. (No evidence of increased adrenal activity, as revealed by studies

of urinary steroids, was found by Sprague, Mason, and Power among seven

men and nine women with jaundice due to obstruction, cirrhosis,  or viral

hepatitis.)

Clinical investigators, while waiting for the collection of these missing data,

and for the development of these needed methods, can do much to insure

the reasonably intelligent and safe,  even though empiric,  use of these hor-

mones. Long-term studies of various plans of administration may show how

to provide the greatest relief  with the least risk,  and may even show how

to project the hormonal effects farther into the posthormonal period than

seems possible now. Clinical and metabolic studies of the effect of repeated

small doses of cortisone or hydrocortisone given orally may also constitute

another step in the direction of developing the most physiologic method of

administration.

During the past year I have often been asked, "Do you think we shall be

able to use these or similarly effective substances with safety, or to reproduce

continuously the benefits of pregnancy or jaundice?" I believe that we shall.

The  pregnant  woman deve lops  a  s t r ik ing ly  a l t e red  and  improved  phys io -

logic state which is generally antagonistic to the continuation of the symp-

toms of rheumatoid arthritis.  She normally tolerates this altered, antirheu-

matic state for months without any disturbing evidences of hormonal im-

balance (unless her white striae are somewhat analogous to the red striae of

hypercortisonism). Indeed she often feels "better than I have for years". As

we learn of the agent and mechanism responsible for her antirheumatic state,

so  we  may  learn  to  reproduce  tha t  bas i c  mechanism for  the  phys io log ic

good of  o thers .

Conclusion

Cortisone and ACTH today represent unframed pictures.  No boundaries can

yet be established to define either their full potentialities or their limitations.
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These hormones still belong to the physiologist and to the clinical investiga-

tor as much as, if not more than, to the practicing physician. But as Professor

Starling said many years ago, "The physiology of today is the medicine of

tomorrow"  95.

But whatever the immediate or future destiny of these hormones may be,

in the field of practical therapeutics they already have demonstrated clearly

the potential reversibility of many disease processes which have been thought

heretofore to be more or less relentlessly progressive. Thus they have given a

sound basis for much hope. In particular, they constitute powerful tools with

which we can investigate many problems related to the etiology and treat-

ment of a wide variety of diseases.
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