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There is now increasing evidence that glucocorticoid secretion and, in
a broader sense, the activity of the so-called hypothalamo-pituitary-adrenal
(HPA) axis is important for maintaining the appropriate circadian scale of
numerous mammalian functions*®5#&!%1819% Plasma cortisol levels have been
suggested to represent an endogenous synchronizer in human subjects'. The
heptadecapeptide ACTH-agonist (8-Ala',Lys"’) ACTH 1-17-4-amino-N-butylam-
ide (alsactide; Synchrodyn® 1-17) was demonstrated to have, both in animals
and humans, higher potency and longer duration of action than other natural
or synthetic ACTH preparations, without displaying any apparent immunoge-
nicity > **3_In previous studies it was also shown that the molecule is very
flexible in regulating the human adrenocortical response ‘.

In this paper we present data obtained in healthy male volunteers who
were injected serially with placebo and different intravenous (i.v.) or subcu-
taneous (s.c.) microdoses of alsactide at a circadian-stage-specified time, i.e. in
the morning just before the endogenous cortisol would reach its maximum
peak. This was made independently of data from the available literature on
variations of the adrenocortical response to ACTH along the 24-h cycle '*'**,
Our aim was to provide data on the sensitivity threshold of different steroi-
dogenetic patterns at this clinically most important time, which coincides with
the beginning of the daily activity.

MATERIALS AND METHODS

Ten healthy medical students, aged from 21 to 24 years and homogeneous
for height, weight and social habits, volunteered for the study. All subjects
were informed of the aim and the sequence of experiments, which were per-

Key-words: ACTH 1-17; Alsactide; Analogue; Circadian stage; Steroid hormones.

Accepted for publication on April 19, 1988.
La Ricerca Clin. Lab. 18, 95, 1988.

95



SENSITIVITY TO ALSACTIDE IN HUMANS

formed at intervals of at least two weeks, and gave written consent. At the
chosen days, subjects were assigned randomly to one of the following proto-
cols: placebo iv. or s.c.; alsactide 2 pg iv. or s.c, 4 ug i.v. or s.c, 8 ug iv. or s.c,
20 p.g s.c. All subjects underwent these injections; six were also injected with
alsactide 10 pg s.c. Placebo was isotonic saline, while the appropriate doses of
the analogue were prepared immediately before injection from 10- or 100-pg
dedicated ampoules. The injected volume amounted to 5 ml i.v. and 1 ml s.c.
The study lasted from October 1984 to May 1985, and from October 1985 to
February 1986.

The subjects were not hospitalized, but maintained roughly comparable
habits throughout the study. They were diurnally active and nocturnally rest-
ing, i.e. asleep approximately from 23% to 07%. All tests were performed afier
an overnight fast by inserting an indwelling catheter into an antecubital vein
at about 07%; two blood samples were drawn at 15-min interval and served to
assess the baseline hormone levels. Placebo or alsactide were injected at about
07", then blood samples were drawn at 15, 30, 45, 60, 90, 120, 180, 240, 300 and
360 min after the injection. Plasma was separated immediately and stored at
—20 °C until assayed. Cortisol, progesterone, testosterone and aldosterone lev-
els were measured using commercially available kits (Sorin Biomedica). For all
variables, the intra-assay error measured as the coefficient of variation was
always less than 10% between 20-80% displacement values. All samples from
a single subject were run in a single assay for each hormone as well as in du-
plicate.

The basal value was defined as the mean of both values preceding the
injection; the intensity of the steroid responses was evaluated as absolute and
percentage increment above the basal level or as the integrated area below
levels recorded until 360 min after the injection. The response area was calcu-
lated by subtracting the area corresponding to the basal level from the total
area defined by the plotted curve, and was arbitrarily expressed in @g/dl/360
min (cortisol), ng/ml/360 min (testosterone) or pg/ml/360 min (progesterone
and aldosterone). Statistical analysis was done using Student’s ¢-test for paired
data. All p<<0.05 values were regarded as statistically significant.

RESULTS

No appreciable rise of plasma steroid levels was noted after placebo injec-
tion. As a consequence of their circadian stages, all the examined hormones
were progressively lower in the peripheral plasma from 07° onward. Also
the s.c. injections of 2 and 4 pg alsactide resulted substantially ineffective in
changing the hormonal pattern; when the individual curves were examined,
the higher dose appeared to be at the sensitivity threshold of the adrenal
glands in that changes of plasma cortisol and progesterone levels were appar-
ent in 4 and 3 out of 10 subjects, respectively. As shown in figs 1-4, plasma
steroid concentrations did appreciably change with respect to the basal value
in the remaining experimental conditions. With regard to s.c. injections, the
dose of 20 pug was associated with slightly lower testosterone levels during the
6h of observation, at variance with the comparable behavior observed after
administration of placebo or other doses (fig. 4). In terms of maximum change
above the basal level (Amax), increasing doses by s.c. injection yielded a pro-
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Fig. 1 - Effects of increasing doses of alsactide (ACTH 1-17) injected iv. at about 07* on plasma
steroid concentrations in adult male volunteers. Ten subjects underwent injections of placebo
(isotonic saline) or 2, 4 and 8 pg alsactide. Columns indicate the mean (+ 1 SE) maximum abso-
lute increment above the basal value.
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Fig. 2 - Effects of increasing doses of alsactide (ACTH 1-17) injected s.c. at about 07" on plasma
steroid concentrations in adult male volunteers. Ten subjects underwent injections of placebo
(isotonic saline) or 2, 4, 8 and 20 ug alsactide; 6 subjects received also a 10-ug alsactide in-
jection. Columns indicate the mean (+ 1 SE) maximum absolute increment above the basal value.
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A A and A4 A = p<0.01 and p<0.001, respectively, vs. placebo; *+ and *+x = p<0.01 and p<<0.001, respective-
ly, vs. the immediately lower dose.

Fig. 3 - Effects of increasing doses of alsactide (ACTH 1-17) injected iv. at about 07 on plasma
steroid concentrations in adult male volunteers. Ten subjects underwent injections of placebo
(isotonic saline) or 2, 4 and 8 pg alsactide. Columns indicate the mean ( 1 SE) integrated area
of response, calculated from concentrations measured for 360 min after injection.
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A A and AAA = p<0.01 and p<<0.001, respectively, vs. placebo; %* and swx = p<0.01 and p<0.001, respective-
ly, vs. the immediately lower dose.

Fig. 4 - Effects of increasing doses of alsactide (ACTH 1-17) injected s.c. at about 07" on plasma
steroid concentrations in adult male volunteers. Ten subjects underwent injections of placebo
(isotonic saline) or 2, 4, 8 and 20 pg alsactide; 6 subjects received also a 10-ug alsactide injec-
tion. Columns indicate the mean (+ 1 SE) integrated area of response, calculated from concen-
trations measured for 360 min after injection.

100



F. VEGLIO et al.

gressive rise of the values, but the differential sensitivity of the mineralocor-
ticoid line and the linearity of the dose-response ratio for cortisol and proges-
terone were more apparent when data were expressed as integrated area of
response than Amax or A%max (maximum percentage change) (figs 2 and 4).

The iv. injections of 2, 4 and 8 pg alsactide were all effective; the highest
dose did cause a sustained rise of plasma cortisol, progesterone and aldoste-
rone, but also the other doses were able to stimulate an appreciable mineralo-
corticoid secretion (figs 1 and 3). Notwithstanding the considerable interin-
dividual variability, mean testosterone levels after 4 and 8 pg i.v. injections
were lower than after placebo injection, without progression towards a more
pronounced effect by doubling the dose of the analogue. Plasma testosterone
behaved roughly in the same way after 20 ug s.c. as well as after 4 and 8 pgiv.
alsactide injections (figs 3 and 4).

Finally, it is to be said that none of the subjects of our series experienced
any unpleasant side effect after administration of the analogue at the tested
doses. Heart rate and blood pressure were also unaffected.

DISCUSSION

The comparison of responses obtained using two different routes of ad-
ministration together with previously published data*" allows to say that acute
injections ‘of 8-10 ug s.c. or 1-2 pg iv. alsactide in the morning are equally
effective in enhancing transiently the circulating cortisol pool without signif-
icant changes, at least in normal adult men, of the aldosterone levels. Higher
doses seem to loose the advantage of stimulating selectively the glucocorticoid
line.

Our data confirm that human adrenocortical cells are exquisitely sensitive
to the N-terminal sequence of ACTH. The analogue used consists of the first
(N-terminal) 17 amino acids of the natural ACTH in which serine in position 1
is replaced by 8-alanine and arginine in position 17 is replaced by lysine fol-
lowed by the terminal butylamide group. It is assumed that the prolonged
action depends on the delayed degradation”, but a peculiar behavior at the
target cell level cannot be excluded. In any case, the overall time courses of
the steroid responses, the differences between the two routes of administra-
tion and the linearity of the dose-response ratio for cortisol in the range close
to the adrenocortical threshold sensitivity were in agreement with previous
data on other synthetic ACTH preparations!>%-2% More specifically, we
have confirmed in humans the observations of SANDow et al. ®, who found that
Lv. injection of alsactide in rats was 8-10 times more effective than the s.c. in-
Jection. In humans too it appears that the effectiveness of s.c. administration
of the analogue is roughly comparable with that of the intramuscular (i.m.)
administration (CAVAGNINI, personal communication).

Relevant additional considerations regard the observed effects on plasma
progesterone and testosterone. Plasma progesterone could be considered a
very sensitive marker of adrenal steroidogenesis in the adult male; changes of
the hormone after dexamethasone inhibition and gonadotropin stimulation
need reevaluation in order to better assess the testicular contribution to the
circulating pool. As regards testosterone, an appropriate timing of administra-
tion of the analogue was not associated with deleterious effects on the Ley-
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dig’s cell function. Only a slight accentuation of the downward diurnal slope
of plasma testosterone was observed in our subjects. Also REINBERG et al.? did
not find an inhibitory effect upon testosterone secretion after i.m. injection of
100 pg alsactide. On the contrary, injection at 07% was followed by a transient
rise of the androgen levels; this issue is however controversial # . The results
of recent observations are compatible with the view that the HPA axis has a
dual effect on plasma testosterone, i.e. physiological cortisol concentrations
could act as a synchronizer for the circadian rhythm of testosterone and fa-
vour a higher release from the Leydig’s cells in the morning hours, while su-
praphysiological concentrations could inhibit the testicular function®®. If this
is true, then the use of the analogue alsactide could be beneficial in cases with
impaired testicular function as a result of dose and timing of administration,
as suggested by an encouraging preliminary trial *.

Manipulation of the endogenous rhythmicities with the aim to gain toler-
ance of an exogenous substance (e.g., an antimitotic drug) is an important
area of the chronobiological research. Not surprisingly, some of the most valu-
able results have been obtained in mice with the use of alsactide *'*%*. Thus, it
was logical to think that an adequate function of the HPA axis along the circa-
dian cycle could be important in the tolerance of oncostatic chemotherapy?.
Some attempts have been made in this perspective by using ampoules contain-
ing 100 pg of the i.m. injected analogue; since a few years, this dosage form
is commercially available (Synchrodyn® 1-17) as a diagnostic tool to test the
adrenocortical function in patients with potential adrenocortical insufficiency
or as a drug for corticotrophic therapy. Beneficial effects of the morning in-
jection of alsactide were noted with regard to the side effects associated with
the administration of cytotoxic drugs in studies performed in patients with
advanced cancer®*.

The consistently lower doses that were demonstrated to enhance selective-
ly the morning plasma cortisol (e.g., the s.c. injection of 10 ug alsactide) will
allow the routine use of repeated daily administrations in a large number of
individuals. We suggest application in elderly subjects and patients undergoing
oncostatic chemotherapy, who conceivably are more prone to rhythm desyn-
chronization as a consequence of disease and/or treatment.

SUMMARY

Plasma cortisol, progesterone, testosterone and aldosterone levels were measured on serial
blood samples drawn in 10 healthy adult human males up to 6h after single administration at
about 07% of increasing amounts of the short-chain analogue ACTH-agonist alsactide (Synchro-
dyn® 1-17). The following doses were employed: 2, 4, 8, 10 and 20 pg subcutaneously (s.c.), as
well as 2, 4 and 8 pg intravenously (i.v.). Data were compared with those obtained by placebo (iso-
tonic saline) injections. The s.c. injections of 2 and 4 ug resulted to be ineffective in changing
the hormonal pattern. A significant rise of cortisol and progesterone, but not of aldosterone and
testosterone, followed the s.c. injections of 8 and 10 pg. The differential pattern of the glucocorti-
coid vs. the mineralocorticoid response was also apparent after the s.c. injection of 20 pg alsac-
tide; when compared with placebo, this dose was able to elicit a significant increase of all exam-
ined hormones except testosterone. All i.v. injections of 2, 4 and 8 ug alsactide were effective; the
highest dose did cause a sustained rise of plasma cortisol, progesterone and aldosterone, but
also the other doses were able to change significantly the mineralocorticoid levels. These results
provide evidence that circadian-stage-specified s.c. or i.v. administration of the analogue can be
employed in the clinical practice for enhancing selectively and transiently the morning glucocor-
ticoid secretion.
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