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HEBERDEN SOCIETY

At a Clinical Meeting held on October 19, 1956,
at the Wellcome Foundation, the following papers
were read:
DR. OSWALD SAVAGE (West London Hospital): A Study

of the Course of Rheumatoid Arthritis during Con-
tinuous ACTH Administration with Clinical and
Biochemical Observations. Preliminary findings were
reported from a study of cases of active rheumatoid
arthritis treated with ACTH in which the clinical assess-
ment had been correlated with the erythrocyte sedimen-
tation rate (Westergren) and the level of 17-hydroxy-
corticosteroid output in the urine measured by Norym-
berski's method. These estimations were carried out by
the Biochemical Department, West London Hospital,
with the aid of a grant from the Empire Rheumatism
Council.
The principal clinical measurements had been the total

tenderness to firm pressure as measured in three grades
and divided by the number of joints involved, and the
grip measured by a Baumanometer cuff rolled and
placed in a specially designed cover. Control groups had
been studied in patients under treatment with rest, with
salicylates, and with gold. In these there had been no
variation from the normal levels of 17-hydroxycortico-
steroid excretion in the urine. A difference in the
strength of different batches of ACTH used had been
apparent and it has been found most practical to keep
patients on the same batch.
The patients were admitted to hospital in the first

instance and a base-line of daily 17-hydroxycortico-
steroid excretion was obtained before treatment was
started. While in hospital they were taught to inject them-
selves with ACTH subcutaneously and this had been
found a practical procedure. Some patients had injected
themselves daily for as long as 3 years without difficulty
and without local inflammation.
The patients in this study had been given sufficient

ACTH to suppress symptoms and the erythrocyte sedi-
mentation rate and the level of 17-hydroxycorticosteroid
output in urine had been measured regularly.

The clinical response of patients in this group had been
satisfactory, but the pattern of response had varied.

Clinical improvement had been accompanied in some
cases by a wide variation in the level of 17-hydroxy-
corticosteroid output in the urine; in others suppression
of symptoms had been maintained only when the adrenal
cortex was continuously stimulated; in a third group it
had been found possible to withdraw ACTH without
clinical relapse after adrenal stimulation with a good
clinical response and a fall in the erythrocyte sedimen-
tation rate.

This work was carried out with the aid of the Dan
Mason Foundation, West London Hospital Medical
School.

DR. A. J. POPERT (West London Hospital): Effects of
Stress in Patients with Rheumatoid Arthritis during
Adrenal Stimulation. Normal people, when subjected
to stress, consistently showed an increased urinary
excretion of 17 OHCS: two patients who underwent
oophorectomy showed a typical crescendo rise with peak
levels two or three times higher than normal on the day
after operation.
By contrast, patients with rheumatoid arthritis who

were under treatment with ACTH did not regularly
show an increased excretion during periods of stress.
For example, a man who had an antrostomy while
receiving 30 units ACTH daily showed a sharp fall in
excretion over the operative period, and a woman who
suffered from a severe orbital infection while receiving
30 units ACTH daily showed a lower level of excretion
during the whole period from onset to operation and
recovery. A man receiving 40 units ACTH daily showed
a steep increase in excretion on the first day of a series of
gastro-intestinal haemorrhages; this was followed by
a progressive fall as his condition deteriorated, and
culminated in a very large increase in excretion during
the days when death was approaching.
These results suggest that, while the production of

adrenocortical hormones in response to stress may some-
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HEBERDEN SOCIETY
times be limited by concurrent administration of ACTH,
the factor of varying tissue utilization may influence the
amount of 17 OHCS excreted in the urine.

DR. P. S. DAvis (West London Hospital): Relationship
between the Clinical and Biochemical Findings in
Rheumatoid Arthritis during Steroid Therapy. In this
study, treatment was based primarily on the clinical
assessment and no attempt was made to maintain con-
tinuous adrenal stimulation as measured by 17-hydroxy-
corticosteroid excretion. Comparing the clinical and
biochemical responses in these patients, it was found that
whenever the corticosteroid excretion indicated definite
adrenal stimulation there was some clinical response,
but that there was no close correlation between the
clinical course and level of corticosteroid excretion.
The majority of patients who received a constant dose

of ACTH showed an initial rise in corticosteroid excre-
tion, but after a period this fell to the normal range and
did not rise again unless the dose was altered. Some
patients relapsed clinically when corticosteroid excretion
fell, as would be expected, but others maintained their
clinical improvement.
Temporary decreases in corticosteroid excretion were

also observed in association with exacerbations of
arthritis or some form of stress.
Comparison of the proportion of an oral dose of

hydrocortisone that can be estimated in the urine by
various chemical methods and by radio-active studies,
indicates that a considerable fraction is, in normal
subjects, excreted in the form of compounds which are
outside the range of 17-hydroxycorticosteroid estima-
tions. Regular estimations of corticosteroid excretion
were therefore performed on a small group of patients
receiving long-term treatment with cortisone or hydro-
cortisone. It was found that there was a tendency for
corticosteroid excretion to decrease in association with
the minor exacerbations of arthritis that some of these
patients experienced (no more severe forms of stress
occurred in this group).

It is most probable that the fall in corticosteroid
excretion after the initial rise is due to the development
of a degree of resistance to ACTH, so that when clinical
improvement is maintained there may have been a
natural decrease in activity of the disease. It is possible,
on the other hand, that the temporary decrease seen in
association with exacerbations of arthritis or with stress
may be due to increased metabolism of hydrocortisone
into compounds outside the range of 17-hydroxycortico-
steroid estimations during a phase of activity of the
arthritis.
These apparent anomalies did not detract from the

practical value of regular corticosteroid assays, which are
considered to be essential for the satisfactory control of
ACTH therapy. It is suggested, however, that treatment
should be based primarily on the clinical course of the
disease.

DRS. F. T. G. PRUNTY, R. V. BROOKS, and B. E.
CLAYTON (St. Thomas's Hospital, London): Factors
influencing the Response of the Human Adrenal Cortex
to Corticotrophin. With the advent of partially purified

preparations of corticotrophin it was hoped that the
confusion which had arisen with earlier, less purified
materials would be reduced. A potent cause of uncer-
tainty in assessing these properties with respect to the
human adrenal cortex was their apparent proneness to
destruction in the tissues before reaching the target
organ (Prunty, 1956). The newer materials studied have
included Armour "H.P." gels, Wilson gel, and Crookes
zinc-protamine corticotrophin. From the start it was
found, as with older preparations, that large variations
occurred between patients and batches of cortico-
trophin when 17-ketosteroids were measured. For
example, ketosteroids varying between 13 and 62 were
obtained with dosages of 20 units 12-hourly of Batch 5,
in different individuals. In two patients a reasonable
relation between log dose and ketosteroids could be
obtained although the curves were widely separated.

It was known that changes in ketosteroids were not the
most sensitive indicators of increasing adrenal cortical
activity, but with the advent of the better measurement
of ketogenic steroids (Norymberski, Stubbs, and West,
1953) the situation remained similar. In ten individuals
with presumed normal adrenals, including five rheuma-
toid patients, the maximum levels in the 4-day response
regime (Prunty, 1956), using 20 units 12 hourly of
Batch 5 were 61 ±6- 3 (S.E.) mg. daily ketogenic steroids
and 28±3-8 (S.E.) mg. daily ketosteroids. This still
shows a wide variation of response. From these
figures, and on the basis of a 40 per cent. recovery of
administered cortisone as ketogenic steroids, the cortisone
equivalent of this dose of corticotrophin is approxi-
mately 150 mg. daily. From a long-term study of three
patients with hypopituitarism (Prunty, 1956), it was
estimated that 20 units 24-hourly produced normal
ketogenic steroid excretion of about 15 mg. daily; this
would correspond to the administration of 37 5 mg.
cortisone daily. The effect of administering the larger
dose in two portions 12-hourly was greater than the
predicted effect of its administration in toto at 24-hourly
intervals.
The response of the adrenal immediately ceases when

the administration of corticotrophin ceases. This occurs
at once when intravenous administration is discontinued,
and in 24 to 48 hours after the last intramuscular
injection. Whilst the 4-day administration of cortico-
trophin (20 units 12-hourly) seems valuable for test
purposes, it is often too short a period to produce a
maximal response. For example, one patient took
12 days to reach a maximum of 71 mg. ketogenic
steroids, and another reached 81 mg. after 28 days. On
the other hand, considerable variation may occur in
day-to-day excretion levels when the plateau has been
reached. During three consecutive days variations
were found between 57 and 71 mg. ketogenic steroids,
and in another instance between 33 and 63 mg. In a
third patient, values of 44 and 26 mg. were found on
consecutive days.

In attempting to correlate the response of patients
with different batches of corticotrophin, we have assayed
by the Sayers' test, employing intravenous injection, in
all fifteen batches of corticotrophin of various manu-
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ANNALS OF THE RHEUMATIC DISEASES

facture. The results obtained varied between 0-3 and
7 times the labelled potency, the fiducial limits of the
assays being less than 50 to 400. These assays included
the later gel batches. Three other gel batches gave low
potencies and it was not possible to obtain good regression
in the assays (10, 12, 13). Batch 10 appeared to be
considerably less than half the expected potency. In the
case of Batch 12 the potency was approximately that
expected, but on assay 3 months later no response could
be obtained. Batch 10 was clinically very feeble. On
changing from 20 units 12-hourly of Batch 5, which
assayed at 1-2 times the labelled potency, to the same
dose of Batch 10, the ketogenic steroids promptly fell
from 47 to 10 mg. daily in a patient with rheumatoid
arthritis. Batch 10 was given to four other patients,
three of whom gave no response (one of these was
receiving it intravenously), while the fourth gave a feeble
response by the intravenous route. Batch 13 had a
significantly poorer effect in five human individuals than
Batch 5. On the other hand, a patient with Cushing's
syndrome with highly sensitive hyperplastic adrenals gave
the expected intense response to Batch 13. Batch 12
evoked reasonable responses in three patients.

Observations in one patient with rheumatoid arthritis
suggested the possibility of decreased adrenal responsive-
ness to corticotrophin. After 108 days' treatment with

three batches (5, 13, 14) of corticotrophin, in doses down
to 10 units 12-hourly, the response to 20 units 12-hourly
of Batch 5 appeared significantly less than at the com-
mencement of therapy. The falling ketosteroid res-
ponse observed paralleled the clinical state of the patient's
condition. This is probably an example of the develop-
ing refractoriness encountered by West (1956).

Factors which are involved in the response of patients
to corticotrophin include, therefore, the potency of the
hormone employed, variation in responsiveness of
adrenals of patient, duration of dosage, marked sen-
sitivity to change of dosage levels in a given individual,
and decreasing sensitivity of the adrenals with passage
of time. In addition to these, various other factors
depending upon the endocrinological status of the indi-
vidual modify the response (see Prunty, 1956). With
these possible variations in behaviour, it will be apparent
that the production of the required response to injections
of a given dose of corticotrophin is a difficult matter.
Satisfactory therapeutic control requires precise and
detailed information concerning the response of each
individual.
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ARTHRITIS AND RHEUMATISM FOUNDATION

Eastern Pennsylvania Chapter
On October 31, 1956, the first teaching sets of pathology

slides in the field of arthritis and the rheumatic diseases
were presented on behalf of the Foundation by Dr. Leon
Sokoloff, Senior Surgeon of the U.S. Public Health
Service, and Research Pathologist of the National
Institute of Arthritis and Metabolic Diseases, to the
Graduate School of the University of Pennsylvania, the
Hahnemann Medical College, the Jefferson Medical
College, Temple University, the University of Penn-
sylvania, and the Women's Medical College of Penn-
sylvania. With each set of a hundred slides was a
teaching syllabus, including a description of the joint
damage in each specimen and a clinical account of the
patient from which it was obtained.
The preparation and collection of the slides, which was

sponsored by the Medical and Scientific Committee of the
Arthritis and Rheumatism Foundation,* was greatly

* See p. 408.

facilitated by the co-operation of the Armed Forces
Institute of Pathology. Sets are also being distributed
to the 45 Chapters of the Arthritis and Rheumatism
Foundation and will be available for loan to medical
groups in each area.

Dr. Philip R. Trommer, President of the Eastern
Pennsylvania Chapter, said that professional education
in this field of medicine had been hampered by a lack of
available specimen material; he hoped that the slides
would also prove effective in stimulating further research
in arthritis and the rheumatic diseases.
The presentation was followed by the Sixth Annual

Ralph Pemberton Memorial Lecture, sponsored jointly
by the Philadelphia Rheumatism Society and the Eastern
Pennsylvania Chapter of the Arthritis and Rheumatism
Foundation. Dr. Leon Sokoloff spoke on "The
Pathology of Arthritis and Rheumatism".
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