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Summary: The synthetic polypeptide depot-tetraco-
sactrin (Synacthen-Depot) was given to nine steroid-

treated asthmatic patients hypersensitive to animal
corticotrophin. Eight had a satisfactory increase in
plasma and urinary 17-hydroxycorticosteroids (17-
OHCS). The remaining patient had been shown previ-
ously to have adrenal suppression. None of the patients
developed allergic reactions to depot-tetracosactrin, and
seven have been receiving regular injections of the poly-
peptide twice weekly for the past eight months.

In 13 normal subjects intramuscular injections of 1 mg.
and 0.5 mg. of depot-tetracosactrin and 40 units of
corticotrophin-gel were equally potent in raising the
plasma 17-OHCS, but depot-tetracosactrin had a signifi-
candy longer action than corticotrophin-gel.

Introduction

In a previous study (El-Shaboury, 1965) the synthetic poly-
peptide 81-24, tetracosactrin (Synacthen), was shown over a
short period of time to be safe in patients with severe hyper-
sensitivity reactions to natural corticotrophin, and a potent
stimulant of adrenocortical function when given as an intra-
venous infusion. However, unlike corticotrophin-gel, an intra-
muscular injection of tetracosactrin was effective for about
90 minutes only. Other studies (Ennis et al., 1964; Landon
et al., 1964; Wood et al., 1965; Lamberg et al., 1966) have
also shown the high corticotrophic activity of tetracosactrin,
but intramuscular injections of the polypeptide have been of
little therapeutic value because of its short duration of action.
By adsorbing tetracosactrin on to an inorganic zinc complex,
a long-acting preparation, depot-tetracosactrin (Synacthen-
Depot), has recently been produced. The present paper
describes the effect of this preparation in asthmatic patients
hypersensitive to animal corticotrophin, and determines its
duration of action in normal subjects.

Material and Methods

Nineteen normal subjects and nine steroid-treated asthmatic
patients with known hypersensitivity reactions to corticotrophin
were studied. Details of previous corticotrophin therapy and
hypersensitivity reactions in four of the nine patients have
already been published (El-Shaboury, 1965). The remaining
five patients had previously received corticotrophin for variable
periods, and were observed to have similar severe reactions
during intravenous infusions of corticotrophin given for routine
assessment of adrenal function.

Thirteen normal subjects were given three intramuscular
injections of 1 mg. and 0.5 mg. of depot-tetracosactrin and
40 units of corticotrophin-gel (Armour) in turn at intervals of
four days. All injections were given between 9 and 10 a.m.
Plasma 17-hydroxycorticosteroids (17-OHCS; cortisol) were
measured immediately before each injection, at one-hourly
intervals for five hours, and at two-hourly intervals for a
further 10 hours. Five subjects who had high plasma
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17-OHCS values at 15 hours after injections were selected for
a further study. The three injections were given in turn at
6 p.m. and the plasma 17-OHCS were estimated before and at
two-hourly intervals between 16 hours and 30 hours after the
injections.

Six normal subjects had urinary 17-OHCS estimated for one
day before and during adrenal stimulation with depot-tetraco-
sactrin and with corticotrophin-gel. Three subjects received
0.5 mg. of depot-tetracosactrin intramuscularly at 12-hourly
intervals for three days. After four days had elapsed injections
of 40 units of corticotrophin-gel were given twice daily for
three days. In the remaining three subjects the order was
reversed.

All asthmatic patients were investigated when free of asthma,
and steroid treatment was stopped abruptly. On the following
day urinary 17-OHCS were measured for two days and during
intramuscular injections of 0.5 mg. of depot-tetracosactrin
given twice daily for three days. Plasma 17-OHCS were also
measured before the first injection and subsequently for 15
hours as in normal subjects. No other therapy was given, but
patients were allowed to use their inhaler if necessary. After
the study of adrenal function seven of the patients were treated
twice weekly with injections of depot-tetracosactrin and
observed for signs of hypersensitivity.

Plasma 17-OHCS were determined by a slight modification
(Hatfield and Shuster, 1959) of the method of Peterson et al.
(1957). That method was shown by Peterson et al. to be highly
specific for cortisol in the blood. After complete l3-glucuroni-
dase hydrolysis, urinary 17-OHCS were measured by a modi-
fication of the method of Silber and Porter (1954) described
by Liddle et at. (1955).

Results

Plasma 17-OHCS-Normal Subjects
Fig. 1 shows the mean plasma 17-OHCS after each of the

three injections (depot-tetracosactrin 1 and 0.5 mg., cortico.

50s

8

0su

I..

0

a-

40

30

z0o

10'

0

---- I mg. depot-tet
- ..X"' C0.5 mg. depot-
_:_. 40 units corti

A -v No treatment

A~~~

0 1 2 3 4 5

tracosactrin
-tetra cosactrin

icotrophin -gel

i 9 *1l 13 I&
Hours after injection

FIG. 1.-Mean plasma 17-OHCS after injections of depot-tetracosactrin
and corticotrophin-gel in 13 normal subjects.
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trophin-gel 40 units) in the 13 normal subjects. It also shows
the mean values in eight of the subjects during a day without
treatmen5. There was a significant increase in plasma 17-
OHCS at one hour after each injection, reaching a maximum
at the fifth hour after cor-ticotrophin-gel and the seventh hour
after both injections of depot-tetracosactrin. As multiple fac-
tors were involved (variations between subjects, treatments, and
the effect of time after the injections), statistical analysis of the
results was carried out by an analysis of variance, and this is
shown in Table I. The standard deviations described as
" residual " were used for tests of significance. It can be seen
from Table I that the plasma 17-OHCS response of the subjects
was consistent; it was not more variable after one injection
than after another. Also, there was no significant difference
between the mean levels of plasma 17-OHCS achieved after
each of the three injections (F= 1.7, P<0.1).
The rate at which the plasma 17-OHCS concentration began

to decline varied with the type of injection given. Analysis of
the results showed that during the first 11 hours there was no

TABLE I.-Plasma 1.7-OHCS (,ug./100 ml.) in 13 Normal Subjects After
Injections of Depot-tetracosactrin and Corticotrophin-gel-Analysis
of Standard Deviations Separating the Influence of Various Factors

Standard Deviations
__ __ __ _ _ __ __. _ _ Signifi-

Source Depot- Cortico- All cance of
of Variation tetracosactrin trophin- Treat- Variance

1 mg. 0 5 mg. 40 ments Ratio

Unadjusted readings 12 9 15-6 - 16-4 15-1

Difeence between
treatments . - - - 10 4 N.S.

Differce between
subjects .. 28-8 37-5 362 34-4 P<0001

Diferece between
tinesi . .. 29-9 28-9 37-3 32-2 P < 0-001

Residual standard
deviation . . 6-4 (N.S.) 8-9 (N.S.) 8-4 (N.S.) 8-0

N.S. -Not significant.

significant difference between the means after the three injec-
tions. Thereafter, the plasma 17-OHCS concentration
remained high after 1 mg. of depot-tetracosactrin, began to
decline after 0.5 mg. (P<0.05 at 15 hours), and fell rapidly after
40 units of corticotrophin-gel (P<0.01 at 13 hours, and <0.001
at 15 hours). The difference between the effect of each injec-
tion is seen more clearly in Fig. 2, which shows the mean
plasma 17-OHCS in five of the subjects studied for 30 hours..
Plasma 17-OHCS reached the basal values at 20 hours after
40 units of corticotrophin-gel and at 30 hours after 0.5 mg. of
depot-tetracosactrin, but remained raised after 1 mg. of depot-
tetracosactrin. The difference between the means for plasma
17-OHCS after the three injections was highly significant
(F=198, P<0.00001).

Plasma 17-OHCS-Asthmatic Patients
Table II shows the plasma 17-OHCS results, the duration

of asthma, and details of steroid therapy in the nine hyper-
sensitive patients. After 0.5 mg. of depot-tetracosactrin there
was a marked increase in plasma 17-OHCS over the basal values

80a

a.l
U,

8

0
I.-.

aa
a2CL-

60

40-

20-

0

I mg. depot-tetrocosoctrin

vo--

Ixo
-1 i I* I I I

0 b6 18
Hours after injection

0-5mg.depot-tetracosactrin

40ntscorticX..op...-. eX
40 units corticotrophi n-gel

20 22 24 26 28 30

FIG. 2.-Mean plasma 17-OHCS after injections of depot-tetracosactrin
and corticotrophin-gel in five normal subjects.

in all except one patient (Case 1). The values continued to
rise for four to seven hours and remained raised throughout
the period of study-a pattern similar to that found in normal
subjects. In contrast to the rest of the patients, Case 1 showed
little increase in plasma 17-OHCS during the 15-hour period.
In this group of steroid-treated patients (Case 1 excluded), the
mean plasma 17-OHCS at rest was 14.0 compared with
17.7 ug./100 ml. in normal subjects (t=2.08, P<0.05). After
0.5 mg. of depot-fetracosactrin the plasma 17-OHCS reached
a plateau at about 29 ,ug.-a value appreciably lower than that
obtained in normal subjects (44 pg.). However, an analysis
of variance, similar to that in Table I, shows that the residual
standard deviation is 8.7 ,tg.-a value almost identical to that
found in normal subjects (8.9 Jug.).

Urinary 17-OHCS
Fig. 3 shows the urinary 17-OHCS results recorded in the

six normal subjects on the day before and during the three
days of stimulation with depot-tetracosactrin and with cortico-
trophin-gel. It also shows the values in the nine hypersensitive
patients during administration of depot-tetracosactrin.

In all normal subjects the urinary 17-OHCS excretion at
rest had returned to the control value immediately before
starting the second period of adrenal stimulation. After depot-
tetracosactrin or corticotrophin-gel there was a marked increase
in urinary 17-OHCS. Analysis of the results shows that the
17-OHCS output after depot-tetracosactrin was slightly higher
than after corticotrophin-gel (F=5.7, P<0.05). In all asthmatic
patients the increase in urinary 17-OHCS output over the basal
values was pronounced, reaching a maximum on the third day
of depot-tetracosactrin stimulation. However, one patient
(Case 1), who had little increase in plasma 17-OHCS, had a
delayed urinary 17-OHCS response to depot-tetracosactrin, and
the maximum daily output achieved was only 18 mg. In this
group of steroid treated patients (Case 1 excluded), the mean

TABLE II.-Plasma 17-OHCS in Hypersensitive Asthmatic Patients after 0.5 mg. of depo t-Tetracosactrin

Steroid Therapy Plasma 17-OHCS (ug.1100 ml.)
Case Senand of Time in Hours
No. Age Asthma Duration Daily Dose

2 1 7 15(yrs.) (Months) (mg.) 0 | 21 3 4 5 7 |_911 135
- M5 18 I . . __ i.- - .-1 __ _ _ _ _ 11 - 3 1

1 S 59 is 102 B 1 4 4 6 8 7 7 5 12 8 7 7
2 M 51 50 125 P 10 7 8 15 19 18 17 17 20 17 18 18
3 F 50 20 99 P 10 13 24 30 31 32 35 36 .37 40 41 39
4 F 38 33 51 P 10 19 28 30 32 37 43 39 32 31 30 1 27
5 F 43 10 112 P 10 6 18 20 23 24 21 26 26 27 27 29
6 F 57 22 110 P 5 17 30 32 38 42 33 33 41 37 37 35
7 F 54 13 117 T 4 16 21 23 21 21 31 29 29 '27 20 24
8 F 46 11 78 B 073 19 24 23 24 26 24 27 32 32 32 26
9 F 61 3 32 P5. 15 35 37 36 49 417 1 55 49 52 51 50

Mean t _ | _ __? 129 21-3 240 25-8 28-4 I 29-0 29 7 309 30-1 1 29-2 | 283 2

B = Betamethasone. P -Prednisone. T- Triamcinolone.
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urinary 17-OHCS during adrenal stimulation was significantly
lower than normal (F= 122.9, P<0.0001).
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FIG. 3.-Urinary 17-OHCS during depot-tetracosactrin and cortico-
trophin-gel in normal subjects and in patients hypersensitive to cortico-
trophin. O=Values during depot-tetracosactrin. *=Values during

corticotrophin-gel.

Side-effects
None of the hypersensitive patients developed any allergic

reactions to injections of depot-tetracosactrin either during
assessment of adrenal function or after regular treatment with
depot-tetracosactrin for eight months. Three patients and
eight normal subjects complained of slight to moderate pain
at the site of injections of depot-tetracosactrin. On occasions
the pain lasted up to 12 hours. In those who received injections
of depot-tetracosactrin twice daily for three days the extent of
water and salt retention did not appear to be different from
that found after corticotrophin-gel.

Discussion

The results of the present study show that intramuscular
injections of 1 mg. and 0.5 mg. of depot-tetracosaotrin, and
40 units of corticotrophin-gel were equally potent in raising
the plasma 17-OHCS concentration in normal subjects. This
indicates that the dose given produced "maximal" adrenal
stimulation. The duration of action of each injection, however,
was significantly different. Plasma 17-OHCS reached the basal
values at 20 hours with 40 units of corticotrophin-gel, and at
30 hours with 0.5 mg. of depot-tetracosactrin, whereas an injec-
tion of l mg. of depot-tetracosactrin was effective for over
30 hours. This finding would suggest that 0.5 mg. of depot-
tetracosactrin given every other day may be adequate for the
treatment of asthmatic patients. More frequent injections (or
a larger dose) over a long period may result in continued sup-
pression of corticotrophin secretion from the pituitary gland.
However, unlike corticotrophin-gel, the effect of long-term
treatment with depot-tetracosactrin on pituitary function has
not yet been evaluated. The results support the. finding by
Besser et al. (1967) and, more recently, by Nelson et al. (1968)
that depot-tetracosactrin has a longer duration of action than
corticotrophin-gel. Analysis of 'the urinary 17-OHCS values
in normal subjects suggests that 0.5 mg. of depot-tetracosactrin
administered twice daily for three days was slightly more effec-
tive than injections of 40 units of corticotrophin-gel given over
the same period (F=5.7, P<0.05). With each regimen the
progressive increase in urinary 17-OHCS. indicated. that there
was continued adrenal stimulation.

One of the nine steroid-treated asthmatic patients (Case 1)
failed to respond to stimulation with depot-tetracosactrin.
There was little if any increase in plasma 17-OHCS, and the
urinary 17-OHCS response to continued adrenal stimulation
for three days was delayed and markedly diminished. Before
development of hypersensitivity reactions to corticotrophin this
patient was found to have severe and persistent adrenal failure
during attacks of status asthmaticus despite treatment with
large doses of corticotrophin (El-Shaboury, 1966). Also, when
free of asthmatic symptoms the patient had a minimal adrenal
response to an intravenous infusion and repeated intra-
muscular injections of short-acting tetracosactrin for 10 days
(El-Shaboury, 1965). These results would indicate that adrenal
suppression in this patient was not due to acquired resistance
or the development of antibodies to anirfial corticotrophin.
The remaining eight patients showed a satisfactory increase in
plasma and urinary 17-OHCS during stimulation with depot-
tetracosactrin, but when compared with normal subjects their
urinary 17-OHCS output was reduced.
The patients who were hypersensitive to corticotrophin

tolerated injections of depot-tetracosactrin without ill effect,
and it is of interest that five of the nine patients were given
the polypeptide one to five days after the development of allergic
reactions to corticotrophin. The severity of the hypersensitivity
reactions was such that one patient (Case 5) collapsed within
five minutes of the start of a corticotrophin infusion. Skin
tests to minute amounts of corticotrophin showed an imme-
diate wheeling reaction. Because of the severity of asthma
(F.E.V.1<40% of normal), seven patients (including Case 5)
have since been receiving regular injections of depot-tetraco-
sactrin twice weekly in addition to their maintenance dose of
adrenal steroids. Eight months have now elapsed and no
patient has developed allergic reactions to the preparation. It
would appear, therefore, that treatment with depot-tetracosactrin
is safe in patients hypersensitive to animal corticotrophin,
though more prolonged administration is required before any
firm conclusion can be made. A disadvantage of the depot-
tetracosactrin tested is pain at the site of injection, which may
last up to 12 hours. Besser et al. (1967) have also reported
discomfort after the polypeptide in approximately one-third of
their cases.
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