Acta Allergologica, 1969, XX1V, 165-177

First Department of Internal Medicine, University of Athens School of Medicine
(Director: Prof. E. A. Phocas), “King Paul” Hospital, Saint Thomas Str., Goudi,
Athens, Greece.

A SYNTHETIC POLYPEPTIDE-—
g CORTICOTROPIN—IN THE DEPOT FORM

[. Addrenocorticotropic and Pituilary Responsiveness
following long-Term Intermitient Administration

By

§.A.BENOS, A.KOUTSOUKOS, H. BRAOUZL A. GEORGOPOULOS
& F. CH. PAVLATOS

INTRODUCTION

[n the past few years natural corticotropin has been extensive-
ly used in clinical practice for both diagnostic and therapeutic
purposes. However, its administration has been limited on
account of allergic reactions due to protein contamination
and/or to antibody formation (2, 3, 4, 7, 11, 17, 20). It has
been shown that synthetic peptides possess full steroidogenic
and definitely less immunological activity (5, 8, 18). 8'* cor-
ticotropin (Synacthen,* Ciba), a polypeptide synthesized by
Kappeler & Schwyzer (9), has also been shown to have full
adrenocorticotropic activity similar to that of natural cortico-
tropin of 39 amino acids (18). The uses of Synacthen have
been confined mainly to diagnostic purposes (21) because of
its short duration of action. A long acting preparation, for-
mulated on the basis of adsorption with an inorganic zinc
complex {Depot-Synacthen,* Ciba) might be expected to
Possess a sustained adrenocorticotropic effect and therefore
to be useful in clinical practice.

In this paper the adrenocorticotropic activity of Depot-

* Registered brand name.
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Synacthen before and during its long-term intermittent admi-
nistration, in forty asthmatic patients is reported. The pituitary
responsiveness in a group of patients under the above regimen
was also investigated. The clinical efficacy of Depot-Synacthen
in bronchial asthma was studied in fifty patients, including the
group of this paper, and the results are reported in 2 com-
panion paper.

MATERIAL AND METHODS

Depot-31# Corticotropin (Depot-Synacthen,® Ciba, 42’915-Ba)

This synthetic depot 1% corticotropin is a long-acting preparation formu-
lated on the basis of adsorption with an inorganic zinc complex. When given
intramuscularly 1 mg of this long-acting tetracosapeptide has been found to be
approximately equivalent to %o units of natural corticotropin-gel (1). In the
present study the compound under investigation was given intramuscularly in
the dose of 1.0 mg in the morning between 8 and 10 a.m.

Patients

Forty patients with severe chronic bronchial asthma, 22 females and 18 males,
ranging in age from 14 to 73 years old were studied. Twenty-five of these
patients had previously taken various amounts of corticostervids for the sympto-
matic control of their asthma, as shown in Table 1. All the patients studied
were hospitalized for the most part of their investigation, except a few under
close follow-up as out-patients. Depot-Synacthen therapy was applied while the
patients were under exacerbation of their asthma or in status asthmaticus. Depot-
Synacthen was given once daily until satisfactory clinical improvement was
achieved. Intermittent administration was thereafter established, the intervak
between the injections depending upen the presenting symptoms.

Adrenocorticotropic Studies

Before establishing the intermittent therapy with Depot-Synacthen its adreno-
corticotropic effect was evaluated in each of the 4o patients by determining the
plasma 17-hydroxyeorticosteroids (17-OHCS) levels before and after 6 hours
of the intramuscular injection of 1.0 mg of the compound. The evaluation wa:
extended in some of the above patients after 12 and 24 hours of the administra-
tion as well.

Hypothalamus-Pituitary-Adrenal Axis Study

The assessment of the function of the hypothalamus-pituitary-adrenal axis
after Jong-term administration of Depot-Synacthen was done in 14 of the abost

* Registered brand name.
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TABLE 1

7 mg Depor-Synacthen.

Plasma 17-OHCS (ag/100 ml)

Patient Duration Prednisone After 1 mg
No. age, of dose, Base- depot-synacthen
sex asthma duration* line 6 12 2
hours hours hours
1 A8, 6o, F 25 yrs 15 Mg—10 yIs 12.2 30.0
2 v, 33, F G yrs 15 ME-10 Mo, 10.0 23.4
3 EK, 42, F 17 yrs 19.1 25.0
4 G.8, 39, F 11 yrs 15 mg— 8§ yrs 17.3 47.8 440 20.2
5 AD, 130 F 15 ¥rs 10 Mg~ 7 ¥ 8.0 26,0
6 TM., 11, F 1yr Iomg- 1¥r 20.0 371
7 AV, 133, F 10 ¥rs 10 mg— 7 ¥rs 5.0 244 15.2 6.3
H EK, 79 F 12 yr8 10 Mg~ § ¥Is 244 380 411
9 EV., 44 F 9 YIS 15 Mg~ 7 yrs 20.0 35,3 35.0 15.1
10 AE, 40 F 1.5 ¥rs 15 mg~ & mo. 23.1 580
1 KL, 35 F 3 ¥IS 20 mg— 1 yr 25.0 44.1
2 KXK., 52 F 12 y15§ 11.2 16.0
13 MP, 73 F 15 y18 17.8 70.0
4 MM, 38 F 1¥r 19.0 42.9
131 KM, 50, F 1.5 ¥TS 15 Mg~ 13T 8.9 6o.1
16 CS, 49 F E¥T 14-0 46.8
17 MT, 33 F 12 ¥IS 13.8 49.0
18 GS, 39, F 12 y1s5 15 mg~ 8 yrs 147 479
19 AM, 35 F 2 y1s 23.0 45.0
20 V.A, 73 F 4318 20.8 42.2
21 EK., 133, F 5 ¥18 10 Mg~ 2 ¥s$ 8.0 35.0
22 ED, 28 F 3 ¥r8 18.8 45.3
23 AM, 3500 M 4yrs 10mg— 2 ¥rs 122 23.0
24 LA, 6o, M 4 yrs 1215 mg-1 yr 8.0 22.1 20.3 10.0
25 GB, s, M 4 ¥15 16.3 29.0 27.1 26.8
26 AK, 340 M 3¥rs 15.0 26.2 31.0 26.9
27 AK., 62, M 5 yrs 12l mg-3 yrs 16.1 35.0 23.2 3.9
28 NZ, 47, M 1yr 3.0 30.9 40.0 10.0
24 EV, soo M 8 yrs 15 Mmg-1.5 yrs 23.8 54.0 22.2
s G.G, 45 M 4 mo. 15 Mg—4 1mo. 20.0 40.0 28.1
3 KK, é, M 30 ¥rs 12.0 27.1 38.8 32.0
32 DK, 18, M 2yrs 10 mg-1 ¥r 5.0 30.1 25.0 i2.2
33 VZ, s, M 4 YIS 10 ME-2 ¥rs5 5.0 28.9
3 GM, 5o M 7 mo. 1§ mg—3 ma. 7.1 280
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TABLE 1 (cont.)

Plasma 17-OHCS (pg/100 ml}

Patient Duration Prednisone After 1 mg
No. age, of dose, Base- depot-synacthen
sex asthma duration* line 3 iz
hours  hours  houn
35 AP, 34 M 6 yrs 1§ mg—6 yrs 14.0 15.0
36 AG, 4, M 5 yr8 10 Mg~2 ¥rs 20.1 39.2
37 GD, 45 M 10 mo. 21.0 38.1
38 L.L., 39, M 20 yr8 10 Mg~ ¥1s 19.0 37.3
39 N.L., 14, M 7 ¥r8 10 IMg~2 ¥T$ 8.0 25.2
40 PK, 54, M 24 yrs 16.5 54.0 38.2 180
Mean 15.13 17.7 3L.5 17.8
+ SE *o.94 +r85  Fagr  Fap

* Corticosteroids were taken occasionally for symptomatic relief.

patients by evaluating the 6-hour responsiveness of the adrenals as described
above and in 10 patients the pituitary responsiveness by applying the Metho-
pyrapone test.

Plasma ry-Hydroxycorticosteroids (17-OHCS)

Plasma 17-OHCS levels were determined by the method of Silber & Porter
(19) as modified by Peterson et al. (12, 11). This method measures both protein-
bound and non-protein-bound plasma cortisol, as well as cortisone, tetrahydro-
cortisone and tetrahydrocortisol (in small amounts), but non glucurenides, which
constityte about half of the total plasma corticosteroids and their metabolites
in the presence of nmormal levels of transcortin. Peferson (12) found a mean
normal value of 15 & 5.5 pg/100 ml in samples taken at & am.

Urinary ry-OHCS

Urinary 17-OHCS were determined by a modification of the method of Rededy
{15) using the colorimetric method of Silber & Porfer (19) (normal values 4-
10 mg/24 hours).

Methopyrapane Test (Metyrapone, Metopirone® SU-4885 Test)

The intravenous methopyrapone test was used, as described by Geld, DiRai-
mondo & Forsham {6). According to this method the Mehopyrapone is infused
as the ditartrate salt in a dose of jo0 mg per kg body weight in oo ml saline
solution over a four-hour period. On that day and the previous day a 24-hour

* Registered brand name.



169

ACTH 1-24 Zn 1 MG
Boselines 6 hours 12 hours 24 hours
80 _3
70 3 e
60 _3 @
- [+ ]
PLASMA 3
17-0OHCS - ° 4
{Porter- 50 ___:_ a
Silber 3 ° o o
Chromogens) = o © o
1/ 100 m) 1
3 o o °
40 —3— g 2 o °
3 g e o o
] ¢ o ]
=4 S g ° ° .
* § o o o o ° o
_: o o g ] g - -]
3 g o e _ o [ [
20—~ 0 o 0 O ° o
- [+ 0 [~ o
u ¢ o
- go 5 8 o ° @
E °o, 0 ° °
10 ) § o0 e °
3 ¢ o o °
] o @

Fig. 1.
Levels of 17-OHCS at o, §, 12, and 24 hours in plasma specimens from asthmatic
patients who were given a single injection of 1 mg Depot-Synacthen intra-
muscutarly.

urine collection was made for determination of 17-OHCS as described above.
A vormal respense is characterized by the doubling, at least, of the urinary
17-0HCS.

Clintcal Studies

The clinica) efficacy of depot-Synacthen was studied in 5o asthmatic patients
including the group of this paper. The therapeutic results as well as the extra-
therapeutic effects are reported in detail in a companion paper.
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Fig. 2.
Mean plasma i7-OHCS concentration in 4o asthmatic patients after 1 mg
Depot-Synacthen.

RESULTS

The age and sex of the patients as well as the duration of
their asthma and data concerning previous treatment with
corticosteroids are presented in Table 1.

Adrenocorticotropic Studies

The baseline studies in forty asthmatic patients hefore the
initiation of treatment with Depot-Synacthen are shown in
Table 1 and depicted in Fig. 1 and Fig. 2.

The individual values of plasma 17-OHCS 6, 12, and 24
hours before and after a single intramuscular injection in the
morning of 1 mg Depot-Synacthen are as follows:

Basal plasma 17-OHCS concentration ranged from 3.0 to
2 5.0 with a mean value and standard error (S.E.) of 15.13 =
0.94 ng/100 ml. At 6 hours all patients showed a notable rise
of plasma 17-OHCS to levels between 22.1 and 70.0 with a
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TABLE 2
Lewvels of Plasma 17-OHCS and the per cent Increase Abowe the Baseling Values
before and after a Definite Period of Treatment.

Therapy with depot-8T* carticotropin (Depot-Synacthen®)

Treatment given

Plasma Initial Intermittent Plasma
17-0HCS 17-OHCS
Vo, To Inter- Dura- (ug/100 ml) %
of Before in- No. of vals tion Aft in-

pt treatment crease daily between ! er crease

. . of treatment

Base- 6 . o , ‘- treat-
lize  hours jectinons  jections ment Baze- &
(days) line  hours

2 10.0 23.4 134.0 X6 4-5 4 mo. 5.5 g41.3 645.0
3 9.1 25.0 20.8 1 X 29 2-15 4 mo. 8.3 4.0 300.0
4 17.3 47.8 176.3 T X8 5—6 1 mo. 19.2 40.4 1104
4 mo. 15.0 47.9 219.3
5 8.0 26.0 225.0 1 X 1§ 24 I.5 Mo, g.1 25.7 403.9
6 20.0 37-1 8s5.5 X 11 2-5 4 mo, 24-9 46.4 86.2
" 50 24.4 188.0 1X5 3~4 2 mo. 5.2 31.3 501.9
H 244 38.0 £5.7 1 X 2g - 25 days 13.7 42.1 207.2
9 20.0 31.3 56.5 1 X7 2-3 1 mo. 13.9 40.4 190.6
2mo. 7.0 23.5 235.7
23 12.2 23.0 88.3 X7 4-5 3.5 mo. 2.1 9.3 342.8
24 8.0 22.1 176.2 1X7 5—6 ¥ mo. 8.8 20.0 1272
2 mo. 14.5 42.6 193.7
4 mo. 9.5 10.2 217.8
26 15.0 26.2 746 1 X 4 ¥ §—20 1.5 mo. 20.0 40.0 100.0
3 mo. 7.2 507 1947
29 21.8 54.0 126.8 1 X 4 B-ja 1 ma. 15.2 62.0 307.8
3 0. 0.1 37.2 268.3
jo 20.G 40.0 100.0 IX 3 2-3 1 mo. 19.8 44.T 122.7
33 $.o 28.9 478.0 1% 4 2-3 3 mo, 8.5 45.5 435.2

mean and S.E. 37.7 = 1.85 pg/100 ml. This increase from
15.13 to 37.7 rg/ 100 mi represents an average increment of
149.17 per cent above the baseline value. The response at 12
hours in 12 patients ranged from 15.2 to 44.0 with a mean
value and S.E. of 31.5 = 2.77 ug/100 ml of plasma 17-
OHCS, which represents an increase equivalent to 108.19 per
cent above the baseline value. The plasma 17-OHCS concen-
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Fig. 3.
Responsiveness of the adrenal cortex after long-term administration of Depot-
Synacthen. Individual levels of plasma r7-OHCS before and after 6 hours of an
intramuscular injection of 1 mg Depot-8ypacthen (6-hour intramuscutar Depot-
Svnacthen test).

tration after 24 hours was in 13 patients between 3.9 and 32.0
with a mean and S.E. of 17.8 =+ 2.52 pg/100 ml, only slightly
above (17.64 per cent) the baseline levels.

Fig. 2 shows the pattern of plasma 17-OHCS response to
a single intramuscular injection of Depot-Synacthen (mean
values).
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Six-hour intramuscular Depot-Synacthen test. Responsiveness of the adrenal cor-

tex before and after long-termn administration of Depot-Synacthen. Per cent in-

crease of plasma 17-OHCS above the haseline values after 6 hours of an intra-
muscular injection of 1 mg Depot-Synacthen.

Hypothalamus-Pituitary-Adrenal Axis Study

Six-hour responsiveness after long-term administration of
Depot-Synacthen. The responsiveness of the adrenal cortex 6
hours after an intramuscular injection of 1 mg Depot-Syn-
acthen in 14 patients is shown in Table 2 and depicted in
Fig. 3. In Table 2 the baseline studies, the number of daily
injections given initially, the intervals between the injections
and the duration of intermittent therapy are also set out. The
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percent increase above the baseline values of plasma 17-OHCS
(six-hour responsiveness} both before the initiation and after
a definite period of intermittent therapy was also calculated.
The baseline values of plasma 17-OHCS after 25 days to 4
months intermittent therapy with Depot-Synacthen fluctuated
between 2.1 and 24.9 pg/100 ml, After the intramuscular in-
Jection of 1 mg Depot-Synacthen the levels of 17-OHCS in
plasma ranged from 9.3 to 62.0 pg/100 ml. The correspond-
ing percent increase fluctuated between 86.3 and 649.0, as
compared to the per cent increase in the baseline studies, be-
fore initiation of the Depot-Synacthen therapy, which ranged
from 30.8 to 478.0.

All but one the 20 individual responses obtained after long
term intermittent administration of Depot-Synacthen were
above 100 per cent, whereas only 7 of 14 responses in the

TABLE 3
Hypothalamus-Pituitary-Adrenal responsiveness. Values of Urinary 17-OHCS
before and the Day of Methopyrapone Test, as Described in the Text.

Therapy with Depot-81724 corticotropin (Depot-Synacthen®)

Treatment given After treatment :

Initial Intermittent Methopyrapone test

No. Inter- Dura- Urine 17-OHCS

of pt ﬁ(}: of herv‘:'lesen tion (mg/24 hours)
.. a:!; injec-~ of Base- Day .%
injections tHons treat- line of in-

ment test crease
{days)

2 X6 4-5 T1mo. 3.0 14.0 366
4 T 8 56 R mo. 6.0 10,5 75
10 X3 58 12 I, 5.3 7.6 41
15 X2 2 2 mo. 4.5 12.0 166
24 L7 5-6 9 mo, 5.2 13.0 150
27 rxz 5-7 6.5 mo. 7.1 .z 5%
29 T X4 g-10 g mo. 5.8 9.8 102
34 X3 i+ 3 mo. 5.7 13:5 137
36 [P ¢ 67 4 mao. 5.5 14.9 171
39 1X 2 45 © ™o, 5.9 1.8 100
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haseline studies before treatment reached levels above 100 per
cent {Table 2 and Fig. 4).

Methopyrapone Test

The response to intravenous Methopyrapone test in 10 pa-
tients after long-term intermittent administration of Depot-
Synacthen for 2 to 12 months are presented in Table 3. The
basal levels of urinary 17-OHCS ranged from 3.0 to 9.8 mg/
24 hours. On the day of the test the levels of 17-OHCS in the
urine were between 7.6 and 19.8 mg/24 hours. All the in-
dividual values were increased above the control levels, with
a per cent increment ranging between 43 and 366.

DISCUSSION

The adrenocorticotropic activity of the depot-8* cortico-
tropin {Depot-Synacthen) in our patients was found to be
satisfactory, maintaining continuously elevated plasma cortisol
levels for 24 hours, The plasma 17-OHCS levels at 6 and 12
hours were quite high probably more than the one needed to
achieve an adequate therapeutic response. Possibly smaller
doses might prove to possess the same therapeutic efficacy
minimizing, on the other hand, the slight extra-therapeutic
effects of Depot-Synacthen (see companion paper).

The responsiveness of the adrenal cortex after long-term
intermittent administration of Depot-Synacthen, as assessed by
the six-hours plasma cortisol response to 1 mg of this com-
pound (6-hour intramuscular Depot-Synacthen test), was de-
finitely increased, as compared with the baseline values before
the initiation of the treatment. This has been found with na-
tural ACTH by Reed et al. (16) and by Killborn et al. (10).

The hypothalamus-pituitary-adrenal responsiveness follow-
ing long-term intermittent administration, as essessed by the
intravenous Methopyrapone test, was satisfactory, except one
patient (No. 10) in whom little response was demonstrated.
Administration of natural corticotropin has been reported by
Plager & Cushman (14) and Reed et al. (16) to produce a
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diminished endogenous corticotropin response to Methopyra.
pone. Whether the more or less satisfactory responses in our
patients might be attributed to the synthetic 8'-* corticotropin
or to the intermittent administration of this compound needs
{urher study.

SUMMARY

The adrenocorticotropic activity of Depot-Synacthen was stud-
ied in 40 patients by measuring plasma 17-OHCS at o, 6, 12
and 24 hours after an intramuscular injection of 1 mg of the
compound. The adrenal and pituitary responsiveness after
Jong-term intermittent administration of Depot-Synacthen was
nvestigated in a group of the above patients, by applying the
O-hour intramuscular Depot-Synacthen test and the intraven-
ous Methopyrapone test respectively.

The baseline studies showed an adrenocorticotropic action
extending through 24 hours, with a peak at 6 hours after the
injection. All but one of the patients studied showed a de-
finitely increased adrenal responsiveness to Depot-Synacthen
after its long-term administration. The response to the intra-
venous Methopyrapone test was satisfactory except in one
patient.
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