
HEBERDEN ORATION*

CORTISONE: QUESTIONS THAT CAN BE ANSWERED
Dr. E. C. Kendall, of Rochester, Minnesota, winner of last year's Nobel

Prize, delivered the Heberden Oration in the presence of a distinguished
company at B.M.A. House, London, on September 19, 1951. In introducing
him, Sir Henry Cohen, President of the Heberden Society, said that
Dr. Kendall had been a formidable figure in the world of biochemistry
for nearly 40 years. It was in 1914 that he had isolated thyroxin from the thyroid,
but it was within the last 15 years or so that he had laid the foundations of the work
which had recently resulted in the discovery of cortisone. Four years earlier,
in 1948, Dr. P. S. Hench had delivered the Heberden Oration, and had spoken
of the reversibility of rheumatoid arthritis, but those who listened to him then
could hardly have expected that a solution of one of the most distressing and
disabling diseases could have been discovered so soon. The President then asked
Dr. Kendall to take up the story.

Dr. Kendall began by saying that only the week before Dr. Hench had delivered the
Heberden Oration in 1948, 100 mg. of one of the hormones of the adrenal cortex had been
injected intramuscularly into a rheumatoid arthritis patient at Rochester, Minnesota.
That first injection, though Dr. Hench did not know it when he delivered his lecture,
had been entirely successful; the patient's pain and stiffness, which she had endured for
5 years, disappeared after a few days, and she walked out of hospital. Hench in his lecture
had suggested that a substance X, probably a constituent of the body, could bring about
remission of symptoms in rheumatoid arthritis, and he was searching for some clue to
the nature of this substance. Cortisone appeared to be the answer to years of frustration,
and yet when Hench gave his lecture in 1948 it had been necessary to refrain from any
premature mention of the treatment of this single patient ! That first patient had now
been followed by many thousands of others, and early misgivings had been replaced by
an assurance based on knowledge that cortisone brought relief from the symptoms of
rheumatoid arthritis, though it was not yet known just how this was accomplished.

Substance X had never been isolated as a chemical compound; it had been described
only in terms of its physiological activity, which was related to the physiological activity
induced by pregnancy and by jaundice. The relationship of this product to the adrenal
cortex could now be stated in precise chemical terms, and the daily requirement of the pure
crystalline compound could be expressed in milligrams.

The Orator went on to relate the work in this field of the last 10 years, and to speak
more particularly of the steroids that had been separated from the adrenal gland. The
production of cortisone by Merck and Co. was a distinguished contribution to medicine.
The rapid decrease in the cost of cortisone to-day was an important factor in its use in
clinical medicine, and still further reductions in price would be made when workers such
as Sir Robert Robinson had finished investigations into new methods of production.
The innermost portion of the molecule, ring C, had now come within the reach of the
chemist, and new sources of starting material would soon be available.

Another fine piece of work, which had already been of help to the physiologist and
* The Oration was fully reported in Brit. med. J. (1952), 2, 4743.
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ANNALS OF THE RHEUMATIC DISEASES
the clinician, was the preparation of fifty or more steroids closely related to cortisone,
so that it was possible to determine the physiological significance of the various functional
groups in the molecule. Chemists had also devised methods for the determination of
adrenocortical steroids in blood and urine. These results had indicated the amount
and distribution of the steroids in the secretion of the adrenal cortex, and the fate of
cortisone after it had been administered, and had given some insight into the daily amount
of cortisone that could be produced by the normal human adrenal cortex.

One of the first questions concerned the chemical specificity of the action of cortisone.
Are the essential functional groups in cortisone incorporated in some other steroid which
could be prepared more easily ? Or is it possible that a quite different chemical structure
might be as good or better ? Some examples of this sort of juggling were encouraging,.
but the influence of cortisone was shown to be specific, and not shared by any other steroid
except hydro-cortisone (Compound F). These appeared to be the steroids which had
survived the processes of selection throughout the long ages of evolhtion.

Another question often asked was this: Is the effect of cortisone to be regarded as
physiological or simply as a pharmacological response to a massive dose of a steroid?
A partial answer could now be given to that question. Some recent work indicated that
from 30 to 60 mg. cortico-steroids might be excreted daily by a normal man, unaided
by the administration of ACTH. Since the total quantity of cortisone available was the
sum of the amount produced in the adrenal cortex plus the amount administered, and since
the production of cortisone in the adrenal gland was suppressed by administration of-
the hormone, the total amount available might come within the physiological range.
Certainly many patients with rheumatoid arthritis were notably relieved by a daily main-
tenance dose of less than 60 mg. cortisone.

The small amount of cortisone required to bring about a remission of the symptoms
of rheumatoid arthritis in some patients indicated that the normal human adrenal cortex
could provide the necessary amount of its hormones. It seemed probable that throughout
the span of human life the adrenal cortex could provide protection during the potentially
dangerous phases of a latent or sub-clinical attack of rheumatoid arthritis, and it was
pertinent to inquire whether failure on the part of the anterior pituitary body or of the
adrenal cortex was associated with rheumatoid arthritis symptoms. Possibly the reason
why lower animals did not have rheumatoid arthritis or rheumatic fever was that they
were more adequately protected by a higher concentration of the hormones of the adrenal
cortex within their tissues, whereas in the evolution of man a closer adjustment of the
activity of the adrenal cortex resulted in an occasional failure of this safeguard.
A few questions concerning rheumatoid arthritis could now be answered. Rheumatoid

arthritis was not an endocrine disease in the usual sense of the term. No combination
of over-activity or under-activity of the ductless glands appeared to be important in its
aetiology. Although administration of cortisone could bring about a remission in the
symptoms of rheumatoid arthritis, accompanied by a nutritional gain in weight, and
suppression of synovitis, these results could not serve as a basis for the hypothesis that a
deficiency of the hormones of the adrenal cortex was the cause of rheumatoid arthritis.

As rheumatoid arthritis did not appear to be a metabolic disease caused by a distur-
bance in the endocrine glands, and since there were good reasons for believing that the
disease was not produced by an intra-articular bacteKial infection or by a virus, the search
for the nature of the causative agent had been directed to still other possibilities. A study
had been made of hypersensitivity and the phenomena associated with allergens, antigens,
antibodies, and the results of their interaction, but it had not been established that
rheumatoid arthritis was caused by a foreign agent, such as an antigen, though it was
possible that cortisone caused a remission in the symptoms of rheumatoid arthritis by
protecting the tissues from such an agent. Cortisone could modify the rate of production
ofan antibody, or protect the tissues from the effect of the products formed by combination
of the antigen with the antibody.
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HEBERDEN ORATION 455
Clinical Results

Practically all patients who had active rheumatoid arthritis responded in some degree
to the administration of cortisone, and the extent of the relief was satisfactory in a large
percentage of cases. Recently a group of 100 patients with rheumatoid arthritis was
treated with cortisone at the Mayo Clinic. In 73 cases cortisone was given orally from
the beginning; in 27 it was given intramuscularly and then orally. Only one patient did
not experience relief when cortisone was given by mouth, and he responded when it
was given parenterally. The main objects of this study were to determine the dose of
cortisone required to suppress the symptoms, the rate at which the initial dose could be
reduced, the long-term maintenance dose, the effect of withholding cortisone, and the per-
centage of patients in whom side-reactions developed.

The range in the daily dose of cortisone required to suppress symptoms was from
38 to 200 mg. The symptoms of one-third of the patients were suppressed by 75 mg-
or less, and 20 per cent. of the patients were relieved by a daily dose of 50 mg. From
2 days to 2 weeks was the usual period required to obtain the desired degree of suppression
before reduction of the dose was started.

In passing from the suppressive to the maintenance dose, the best results were obtained
when the full amount of cortisone was reduced gradually and at intervals of several days.
The daily dose of cortisone could be reduced more rapidly in those patients who had
responded quickly to the suppressive dose. The rapidity of the reduction was determined
in each case by the patient's symptomatic response, not by the sedimentation rate or other
laboratory findings.

The maintenance dose was determined by reasonable control of symptoms and side-
effects; 86 per cent. of the patients were maintained on a daily dose of 75 m'g. or less, and
more than half received 50 mg. or less a day. The effect of withdrawal of the hormone
from most of the patients could not be reported, as 89 of them were still under treatment.
The symptoms returned in nine of the other eleven cases when the administration of
cortisone was deliberately discontinued. One of the other two of these eleven patients
had been in remission for 2 months, and the other for more than 10 months.

Side-effects developed in about half the patients; in no case did the occurrence of these
effects necessitate the discontinuance of the administration of cortisone, but at times the
daily dose was reduced in order to control side-effects. These side-effects were related
to the size of the dose of cortisone and to the sex and age of the patient.

The symptoms associated with side-effects in 54 of the 100 cases (no symptoms were
observed in the other 46) were as follows:

Times observed
Mental stimulation .. .. .. 29
Changes in distribution of fat .. 17
Changes in metabolism of electrolites 16
Increased sweating .. .. .... 11
Hypertrichosis .. .. .. .. 5
Hot flushes .. .. .. .. .. 4
Skin rash .. .. .. .. .. 4
Striae .. .. .. .. .. 3
Ravenous appetite .. .. .. 3
Muscular weakness.. .. .... 2
Menstrual disorder.. .. .... 2
Aggravation of diabetes .. .. 2
Increased azotemia .. .. 2
Enlargement of parotid glands .. I
Polyuria .. .. .. .. .. I
Nocturia .. .. .. .. .. 1
Headache .. .. .. .. .. 1
Ecchymosis .. .. .. .. .. 1

In conclusion, Dr. Kendall said that the fact that rheumatic symptoms were suppressed
by cortisone and returned when cortisone was withheld had provided a challenge to clinical
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456 ANNALS OF THE RHEUMATIC DISEASES
investigators which they expected to meet and solve with some study. At the present time
many questions had been answered satisfactorily; some still remained to be answered,
but the advance in understanding of rheumatoid arthritis which had come about during
the past 3 years lent assurance that further research would be well repaid. In the acute
phase of rheumatic fever cortisone abolished the symptoms and seemed to protect the heart
from damage. The two syndromes, rheumatoid arthritis and rheumatic fever, were not
far separated in their nature and in their response to cortisone. Similar comparisons
held for some of the other collagen diseases. Perhaps the most hopeful aspect of the study
was the wide extent of clinical medicine which was influenced by this hormone. The
unexpected and far-reaching influence of cortisone on many diseases might be produced
through its control of some causative agent which was common to all of them. The nature
of this agent was unknown, but Dr. Kendall agreed with Pickering and Meicklejohn
that the hypothesis of the adaptation syndrome of Selye was not acceptable.

"To-day it can be said that cortisone will relieve the pain and symptoms of rheumatoid
arthritis and that it constitutes a life-saving measure for other syndromes, but to the
clinician interested in research it will be the key which will unlock the doors of barriers
and reveal secrets long hidden."

Sir Henry Cohen thanked the Orator and presented. him with the medal
bearing the effigy of William Heberden, patron of the Society.

Among those present at the Oration were Lord Horder, Lord Webb-Johnson,
Sir Henry Dale, and Dame Hilda Lloyd.
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