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FUNCTION*
STUDIES IN RHEUMATOID ARTHRITIS IN THE LIGHT OF THE
RESPONSE OF PLASMA-FREE AND TOTAL 17,21-DIHYDROXY-

20-KETOSTEROIDS TO INTRAVENOUS CORTICOTROPIN
BY

F.-E. KRUSIUS AND MARTTI OKA
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It is well known that prolonged treatment with
corticosteroids interferes with normal adreno-
cortical function, causing involvement or atrophy
of the gland. This was first demonstrated in animals
by Ingle and Kendall (1937) with adrenocortical
extracts. Since the introduction of cortisone in
clinical medicine, a great deal of evidence has
accumulated concerning adrenocortical hypofunc-
tion or atrophy after the administration of this
agent (e.g. Sprague, Power, Mason, and six others,
1950; O'Donnell, Fajans, and Weinbaum, 1951).
These effects are assumed to be due to suppression
of the release of ACTH from the adenohypophysis.
The degree and duration of adrenocortical hypo-

function produced by the administration of cortico-
steroids has considerable clinical significance.
Certain aspects of the problem have been discussed
in earlier studies (Engleman, Krupp, Johnson,
Welsh) Wrenn, and King, 1953; Fredell, Johnson,
Krupp, Engleman, and McGrath, 1955; Hansen,
Fischer, and Brochner-Mortensen, 1955; Christy,
Wallace, and Jailer, 1956; Larzelere, Barthold,
Willett, Feichtmeir, Wilson, and Engleman, 1957).
The purpose of the investigation now reported

was to determine the adrenocortical function in a
group of patients with rheumatoid arthritis after
prolonged treatment with corticosteroids, and to
follow up the restoration of function after the with-
drawal of therapy. The ability of intramuscular
ACTH administration to promote the normaliza-
tion of adrenocortical function was also studied.

Material and Methods
The series comprised ten patients, nine of whom

suffered from rheumatoid arthritis. The diagnosis in

* The subject of this study was proposed to us by Dr. Currier
McEwen, New York University, Bellevue Medical Center, and this
material was presented in part at the International Congress on
Clinical Chemistry at Stockholm on August 22, 1957.

Case 2 (Table I) was not confirmed, but a collagen
disease, related to rheumatoid arthritis, was suggested.
In one case with rheumatoid arthritis there was a positive
L.E.-test indicating the presence of disseminated lupus
erythematosus (Case 7, Table II). All the patients were
hospitalized during the study. The duration of prolonged
continuous therapy with corticosteroids (cortisone, hydro-
cortisone, or prednisone) varied from 3 months to 6 years
(average 2 years 8 months). In most patients treatment
had been started with cortisone or hydrocortisone, which
was later on replaced by prednisone when this drug
became available. Only one patient was still receiving
hydrocortisone at the time of the investigation. The
dosage of steroids was in most cases small or moderate
(prednisone 5-20 mg. per day). In some cases, however,
the dosage of steroids had previously been somewhat
higher.
The response of plasma 17,21-dihydroxy-20-keto-

steroids(17-OH-CS) to intravenous ACTH drip infusion
was used as an index of adrenocortical function or
capacity. All drug therapy was stopped one day before
the first test. The experiment started at 7.30 to 8.30 a.m.,
after about 14 hrs' fast. The blood samples were drawn
from the cubital vein immediately before the adminis-
tration of ACTH and 2 and 6 hrs later. The ACTH
(ACTHAR, Armour Laboratories, or Cortrophine,
Organon) was given by continuous drip infusion in
0 9 per cent. saline or 5 per cent. glucose solution.
The dosage was 12-18 I.U. ACTH in 600 to 900 ml.
solution over 6 hrs.
Both free and total plasma 17-OH-CS (free+ glucuroni-

dates) were assayed in most instances. The method of
Silber and Porter (1954), as modified by Peterson,
Wyngaarden, Guerra, Brodie, and Bunim (1955) and
Peterson, Karrer, and Guerra (1957), was used for the
determination of free plasma 17-OH-CS. The total
plasma 17-OH-CS was assayed by the procedure deve-
loped by Krusius and Oka (1958). For this purpose
400 units bacterial fl-glucuronidase (Sigma) were dis-
solved in 1 ml. redistilled water and pipetted to 0 5 ml.
I M potassium dihydrophosphate (KH2PO4), 0-3 ml.
5 per cent. sodium bisulphite (NaHSO3), and 5 ml.
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TREATMENT WITH CORTICOSTEROIDS AND ADRENOCORTICAL FUNCTION 185
TABLE I

RESPONSE OF PLASMA 17-OH-CS TO INTRAVENOUS ACTH IN FIVE PATIENTS WITH RHEUMATOID ARTHRITIS
AFTER PROLONGED TREATMENT WITH CORTICOSTEROIDS. ALL DRUG THERAPY WAS STOPPED

Duration Dose Time since Free/Total Plasma
Case Sex Age of Steroid Last Steroid per Withdrawal 17-OH-CS (ug. per cent.) after
No. (yrs) Therapy Administered Day of Steroids

(yrs) (mg.) (days) 0 hr 2 hrs 6 hrs

i11 23! 27/ 28/

1 M 40 5 Prednisone 12 5 14 25/ 29/ 34/

30 18/35 29/48 42/67

1 15/ 18/ 22/
2 M 38 4 Prednisone 10

12 7/ 22/ 29/

1llI 9/16 19/25 19/34
3 F 56 3 Prednisone 5

9 10/ 22/ 31/

44I 22/34 32/54 35/65
4 F 49 1 Prednisone 10

8 17/33 36/ 44/76

0/8 4/15 9/12

5 F 17 /3 Prednisone 207-5 8 14/22 23/34 27/41

30 17/27 27/48 34/59

TABLE II

RESPONSE OF PLASMA 17-OH-CS TO INTRAVENOUS ACTH IN FIVE PATIENTS WITH
RHEUMATOID ARTHRITIS AFTER PROLONGED TREATMENT WITH CORTICOSTEROIDS

Cortrophine-Z 20 I.U. twice daily was administered intramuscularly after the first test

Duration Dose Time since Free/Total Plasma
Case Sex Age of Steroid Last Steroid per Withdrawal 17-OH-CS (tLg. per cent.) after
No. (yrs) Therapy Administered Day of Steroids

(yrs) (mg.) (days) 0 hr 2 hrs 6 hrs

1lI 15/29 23/35 23/33
6 F 46 6 Hydrocortisone 40

9l| _[ ~ ~~~~~~~~~~916/19 65/71 77/92

117/25 20/34 26/38
7 F 67 31 Prednisone 10

7 I 11/27 29/68 44/85
I 23/32 24/34 23/33

8 F 49 2j Prednisone 7-5 lI
8 11/17 35/54 41/71

1 5/ 10/34 10/40
9 F 50 Prednisone 12-5 ,_!-_I__

8 46/80 42/95 53/104

lll I1 4/9 11/16 15/26
10 F 49 Prednisone 50-20 ll___

8 I 14/ 37/ 53/97

plasma. The mixture, the pH of which was 6-0 to 6-2,
was incubated for 48 hrs at 370 C. The addition of
sodium bisulphite was made in order to eliminate any
interfering chromogens formed in the presence of glucose
during the hydrolysis procedure (Louis, Eiler, Streeten,
and Conn, 1956).
The adrenocortical capacity was re-estimated in all

cases 7 to 14 days after the withdrawal of steroid therapy.
A third test was performed in Cases I and 5 (Table I)
30 days after the interruption of the treatment with
steroids. Cases I to 5 were kept without hormone

therapy between the repeated tests (Table I). The
other group of five patients (Cases 6 to 10, Table II)
received repository intramuscular ACTH injections
(Cortrophine-Z, Organon, 20 I.U. twice daily) during
the interval between the first and second tests. The
plasma 17-OH-CS after 3 days of intramuscular ACTH
administration in Cases 6 to 10 was also assayed
(Table III, overleaf).
The range of free plasma 17-OH-CS values after

6 hrs' intravenous ACTH infusion in this laboratory
was 37 to 46 [±g. per cent. (mean 41 [Lg. per cent.) in cases
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ANNALS OF THE RHEUMATIC DISEASES
TABLE Ill

PLASMA 17-OH-CS LEVELS IN FIVE PATIENTS WITH RHEU-
MATOID ARTHRITIS 4 DAYS AFTER THE DISCONTINU-
ANCE OF PROLONGED CORTICOSTEROID TREATMENT,
AND AFTER 3 DAYS' STIMULATION WITH INTRAMUS-
CULAR ACTH INJECTIONS (CORTROPHINE-Z 20 I.U.

TWICE DAILY)

Case No. Free/Total Plasma 17-OH-CS
(,ug. per cent.)

6 49/70
7 18/55
8 27/49
9 37/81
10 37/90

Mean .. .. .. .. 34/69

without demonstrable disturbances of adrenocortical
function (Krusius, Oka, and Karkeli, 1958).

Results
The results are presented in Tables I to IV and

in the Figure. An impaired adrenocortical response
to ACTH was recorded in all cases one day after the
withdrawal of steroid therapy. In Case 4, however,
the response of plasma 17-OH-CS to ACTH was
very near the normal range, despite one year's
treatment with 10 mg. prednisone daily. The lowest
plasma 17-OH-CS values after 6 hrs' ACTH
infusion were obtained in cases which had received
a moderate or high dosage of prednisone (Cases
5, 9, and 10). The duration of corticoid treatment
seemed to be of less importance, because these
cases had been treated for shorter periods than the
others. The average plasma 17-OH-CS values in
the first adrenocortical capacity test were, in all
ten cases, 13-33,g. per cent. before ACTH, 18- 8 fig.
per cent. after 2 hrs, and 21 ,ug. per cent. after
6 hrs of ACTH infusion.

In the group of five patients kept without any
medication between the first and second (or third)
capacity test (Table I) there was a slight but distinct
improvement of adrenocortical response 8 to 14 days
after the withdrawal of prednisone, but a normal
capacity test was obtained only in Case 4. In two
cases the test carried out after 30 days without
steroid treatment showed a further improvement of
adrenocortical response, the result was entirely nor-
mal in only one of them. In none of these patients
could any distinct clinical signs of adrenocortical
insufficiency be observed.

In all five cases in which intramuscular ACTH
injections were given between the first and second
test, a normal or raised adrenocortical response
was observed 7 to 9 days after the withdrawal of
steroid therapy. This was reflected in both the

plasma-free and total 17-OH-CS levels. The
restoration of the adrenocortical response in this
group was very quick, as is shown by the plasma
1 7-OH-CS levels measured after not more than
3 days of intramuscular repository ACTH adminis-
tration (Table III). Three of these values were
above the lower limit of normal.
The degree and rate of restoration of the adreno-

cortical capacity differed greatly both in individual
cases and in the average estimates in the two groups
separately (Figure, opposite).
Roughly the same changes as in the plasma free

17-OH-CS levels were observed in the plasma total
17-OH-CS levels. The ratio of free to total
17-OH-CS varied only slightly both before the tests
and after 2 or 6 hrs of ACTH infusion. Nor did
the degree of the adrenocortical response to ACTH
have any significant influence on the proportion of
free to total 17-OH-CS levels, the ratio being about
the same in the first as in the second or third capacity
tests (Table IV).

TABLE IV

RATIO OF FREE/TOTAL PLASMA 17-OH-CS

Free/Total 17-OH-CS
Table Test

After 0 hr After 2 hrs After 6 hrs

I--It I 0 59 0-58 0-57

I 2-3 0-57 0-61 0 60

11 2 0.59 0-59 0 60

Discussion
The results indicate that, even after many years

ofsteroid administration, the adrenal cortex responds
to stimulation with ACTH, though the response is
greatly impaired. The lowest plasma 17-OH-CS
values after intravenous ACTH administration were
obtained in cases in which the highest prednisone
doses had been given. On the other hand, the period
of treatment was shorter in these cases than in the
rest, suggesting that the decrease of adrenocortical
response to ACTH may be more closely related
to the size of the steroid dosage than to the duration
of the treatment. Individual variations in the degree
of adrenocortical hypofunction after long-term
steroid treatment are, however, remarkable.
The adrenocortical response seemed to be restored

in a few weeks without any treatment, but adminis-
tration of ACTH accelerates the recovery of the
adrenocortical response as measured by plasma
17-OH-CS assays. Thus our results do not entirely
support earlier reports, according to which adreno-
cortical hypofunction may persist for several
months after withdrawal of hormone treatment

186

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.17.2.184 on 1 June 1958. D
ow

nloaded from
 

http://ard.bmj.com/


TREATMENT WITH CORTICOSTEROIDS AND ADRENOCORTICAL FUNCTION 187
Table 11, second test
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Figure.-Mean curve of adrenocortical capacity tests of the ten patients listed in Tables I and It.
Response of plasma free 17-OH-CS to Intravenous ACTH.
= First test, performed one day after withdrawal of steroid therapy.

- - -- - = Second or third test, performed 8 to 30 days later.

(Sprague and others, 1950; Fraser, Preuss, and
Bigford, 1952; Salassa, Bennett, Keating, and
Sprague, 1953; Bennett, 1954).
On the other hand, our results do confirm the

clinical observation that it is useful to give ACTH for
some days to patients who have been treated for a

long time with steroid hormones in order to
accelerate the improvement of adrenocortical
function. As this improvement is achieved rela-
tively quickly by ACTH administration after the
withdrawal of steroid therapy, there seem to be no

real indication for simultaneous treatment with
steroids and ACTH, as has been suggested (Vasama,
Kalliomiki, Vasama, Naatanen, 1957; Young,
De Filippis, Meyer, and Wolfson, 1957).
Our study also shows that the determination of

the total 17-OH-CS (free and glucuronidates) in
plasma offers no advantages over the determination
of free plasma 17-OH-CS, at least in patients with
rheumatoid arthritis. The ratio of plasma-free
to total 17-OH-CS was constant in all cases, indi-
cating that the conjugation mechanism of 17-OH-CS
is not significantly changed either by prolonged
steroid therapy or by short-term ACTH adminis-
tration in patients with rheumatoid arthritis.

Summary
The adrenocortical capacity has been studied in

ten patients with rheumatoid arthritis after long-
term steroid administration, by measuring the
response of plasma-free and total 17-OH-CS to
intravenous ACTH infusion. An impaired adreno-
cortical response was recorded in all these cases one

day after the withdrawal of the steroid treatment.
The test was repeated once or twice after an inter-

val of 7 to 30 days in order to investigate the time
needed for recovery, after which the capacity test
would give a normal result. In five patients who
received no further treatment, there was a slight
but distinct improvement in the adrenocortical
capacity 8 to 14 days after the withdrawal of steroid
therapy, but a normal response was obtained in only
one case. In two of these cases there was a further
improvement of the plasma 17-OH-CS response to
ACTH stimulation after 30 days, but in only one

was the result quite normal.
The remaining five patients were treated by intra-

muscular repository ACTH injections between the
first and second test in order to hasten the restora-
tion of normal function. In all five a normal or

hypernormal adrenocortical capacity was observed
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ANNALS OF THE RHEUMATIC DISEASES

7 to 9 days after the withdrawal of steroid therapy.
Even after 3 days of ACTH injections the plasma
17-OH-CS level was above the lower limit of normal
in three cases out of five.
The ratio of free to total plasma 17-OH-CS

varied only slightly in all cases and in all assays

performed, indicating that the conjugation mechan-
ism of 17-OH-CS in rheumatoid arthritis is not
significantly altered by prolonged corticosteroid or

short-term ACTH therapy.

The ACTH preparations used were generously supplied
by the Armour and Organon Companies.
The writers are pleased to acknowledge the technical

assistance of Miss Elli Sahanen.
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Effet du traitement prolonged par des corticosteroldes
sur la fonction surrenocorticale

Etudes de l'arthrite rhumatismale a la lumiere de la
reponse des 17,21-dihydroxy-20-cetosteroides plasmatiques,

libres et totaux a la corticotropine intraveineuse
REsuME

On a etudie la capacity surrenocorticale chez dix
malades atteints d'arthrite rhumatismale apres l'adminis-
tration prolongee de steroides, en mesurant la reponse
des 17-OH-CS a l'infusion intraveineuse d'ACTH. Une
reponse surrenocorticale affaiblie a etc enregistree dans
tous les cas un jour apres l'interruption du traitement
steroide.

Cette epreuve fut repetee une ou deux fois apres un
intervalle de 7 a 30 jours, pour determiner le temps
necessaire pour obtenir un resultat normal, signifiant
le retablissement de la fonction. Chez cinq malades,
il y eut une amelioration legere mais definie de la capacity

surrenocorticale au bout de 8 a 14 jours apres l'inter-
ruption du traitement steroide, mais une reponse normale
ne fut obtenue que dans un seul cas. Dans deux de ces
cas il se produisit une amelioration ulterieure de la reponse
des 17-OH-CS plasmatiques a la stimulation par I'ACTH
au bout de 30 jours, mais le resultat tout a fait normal ne
fut observe que chez l'un d'entre eux.

Les cinq malades restants furent traits par des depots
intramusculaires d'ACTH entre le premier et le second
test afin d'accelerer le retablissement de la fonction
normale. Dans tous les cinq cas la fonction surreno-
corticale devint normale ou superieure 7 9 jour apres
l'interruption du traitement steroide. Deja 3 jours apres
l'injection d'ACTH le taux plasmatique des 17-OH-CS
franchit la limite inferieure des chiffres normaux dans
trois cas sur cinq.
Le rapport entre les 17-OH-CS plasmatiques libres

et totaux ne variait que tres peu dans tous les cas et dans
toutes les epreuves effectuees, montrant que le mecanisme
de conjonction des 17-OH-CS dans l'arthrite rhumatis-
male n'est pas appreclablement alter& par un traitement
corticostroide prolonged ou par une breve administration
d'ACTH.

Efecto del tratamiento prolongado con corticoesteroides
sobre la funci6n suprarrenocortical

Investigacion de la artritis reumatoide a la luz de la
respuesta de los 17,21-dihidroxi-20-cetoesteroides plas-
maticos, libres y totales, a la corticotropina intravenosa

SUMARIO
Se estudi6 la funci6n suprarrenocortical en diez

enfermos con artritis reumatoide despues de la adminis-
traci6n prolongada de esteroides, midiendo la respuesta
de los 17-OH-CS a la infusion endovenosa de ACTH.
Una respuesta suprarrenocortical debil fue notada en
todos los casos un dia despues de haber cesado el trata-
miento esteroide.

El experiment fue repetido una o dos veces, entre
7 y 30 dias despues, para determiner el tiempo necesario
para obtener un resultado normal, indicando el restable-
cimiento de la funci6n. En cinco enfermos hubo una
mejoria ligera pero distinta de la funci6n suprarrenal al
cabo de 8 a 14 dias despues de la interrupci6n del trata-
miento esteroide, pero tan s6lo en uno la respuesta fue
normal. En dos de estos casos la respuesta favorable
de los 17-OH-CS plasmaticos a la estimulaci6n por el
ACTH fue mas pronunciada al cabo de 30 dias, pero
solamente uno de ellos di6 un resultado perfectamente
normal.
Los demas cinco enfermos fueron tratados con

inyecciones de dep6sito intramuscular de ACTH entre
el primer y el segundo test, con el fin de acelerar el
restablecimiento de la funci6n normal. En los cinco
casos la funci6n suprarrenocortical lleg6 a ser normal o
superior de siete a nueve dias despues de la interrupci6n
del tratamiento esteroide. Aun tres dias despues de la
inyecci6n de ACTH la cifra plasmatica de los 17-OH-CS
rebas6 el limite inferior de lo normal en tres de los cinco
casos.

Poquisimas variaciones fueron notadas entre los
17-OH-CS plasmaticos libres y totales en todos los casos
y en todas las investigaciones, indicando que el mecan-
ismo de conjunci6n de los 17-OH-CS en la artritis
reumatoide no se ve apreciadamente modificado por el
tratamiento corticoesteroide prolongado o por una breve
administraci6n de ACTH.
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