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Night and day rhythms of HGH secretion were measured in 5 children before any

treatment, 10 days after prednisone administration, and 3 days after ACTH treatment.
Corticosteroids and corticotrophin were found to have a pronounced effect on the

spontaneous level of HGH with the almost complete disappearance of the normally
observed peaks during the 24 hours in the pretreatment study.

It is postulated that this disappearance of the spontaneous peaks might explain
in part the growth retardation noticed in children on long-term treatment with
corticosteroids or corticotrophin.

It is well known that in children long-term
corticosteroid therapy results in growth retardation
(Blodgett et al., 1956; Van Metre and Pinkerton,
1959; Falliers et al., 1963), and this has also been
reported for corticotrophin (ACTH), though it is
not generally accepted (Friedman and Strang, 1966;
Norman and Sanders, 1969). The mechanism of
this effect remains still a controversial subject.
The decreased growth hormone (HGH) secretion
after insulin-induced hypoglycaemia reported in
patients on long-term therapy with corticosteroids
(Frantz and Rabkin, 1964; Hartog, Gaafar, and
Fraser, 1964) or ACTH (Daly and Glass, 1971)
has not been confirmed by others (Root et al.,
1967; Morris, Jorgensen, and Jenkins, 1968;
Friedman and Stimmler, 1966).

Recent studies have shown that HGH fluctuates
during the 24 hours, with the occurrence of certain
peaks, and it has been suggested that the regulatory
effect of HGH on growth might be mediated
through these peaks (Hunter and Rigal, 1966;
Honda et al., 1969; Parker et al., 1969).

It was therefore thought that a study of the
night and day HGH rhythm in children during
treatment with prednisone and ACTH might help
to elucidate whether corticosteroids and ACTH
have any affect on HGH levels, and could therefore
affect the rate of growth through this mechanism.
Received 29 November 1971.

Material and Methods
Five children, 3 boys and 2 girls, aged 8 to 13 years

were studied. They were all admitted to hospital
because of rheumatic fever with cardiac involvement,
and treatment with corticosteroids was thought to be
necessary. All 5 children were normal for height and
weight, in good general condition, and afebrile the day
of the test. In each of them a night and day rhythm
of HGH was evaluated before corticosteroid therapy:
on the 10th day of daily administration of prednisone
at a dose of 2 mg/kg, and on the 3rd day oftreatment with
an ACTH depot preparation (Cortrophin-Z, Organon)
20 units i.m. 12-hourly. Prednisone was discontinued
the day before ACTH administration was started.
The time of drug administration was prednisone 6 a.m.,
12 noon, 6 p.m., and 12 midnight, and ACTH 8 a.m.
and 8 p.m.
On the day of the study at 8 a.m. a scalp vein needle

was inserted into a forearm vein. The needle was filled
with a saline-heparin solution after each blood sampling.
Blood samples were obtained every hour from 8 a.m.-
11 p.m. and every 2 hours thereafter. During the 3
studies the patient was having exactly the same diet.
The children went to sleep between 8 and 9 p.m.
Blood samples were centrifuged immediately after
collection and the plasma was kept frozen at -20 °C
until determination.
HGH levels were determined by a double-antibody

radioimmunoassay method based on that described for
insulin by Morgan and Lazarow (1963) as modified by
Jackson, Grant, and Clayton (1968). The standard
and iodinated HGH (1251) of the 'KIT' CEA-CEN-
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SORIN (Centro Richerche Nucleari di Sallugia, Italy)
were used. The sensitivity was 0 5 ng/ml.

All specimens of the 3 studies for each subject were
analysed on the same day.

Results
The night and day growth hormone levels in

the 5 children studied are shown in Fig. 1-5.
Significant peaks of growth hormone were noted in
all 5 children studied before treatment while an
almost complete disappearance of these peaks was
observed when the rhythm was repeated after
therapy with corticosteroids and ACTH.

In Table I the recorded peaks (levels of growth
hormone above 6 ng/ml) are shown. In the pre-
treatment rhythm several high values were obtained
while no peaks or very few were seen after adminis-
tration of prednisone and ACTH. The only peak
that was observed during ACTH administration
(Case 4) could be attributed to stress.

TABLE I
Peaks of Plasma HGH During the 24 Hours

(HGH <6 ng/ml)

HGH (ng/ml)
Case No.

BT P ACTH

1 57 - -
21 - -

16-5 - -

8-0 - -

2 11-5 8-0 _
10-5 - -

9.5 - -

3 21-5 9 0 7-5
7.5 - -
770 - -

4 10 0 - 16-5
8-0 - -

6-5 - -

5 7.5 - -

10 5 - -

7.5 - -

7-0 - -

Note: BT = before treatment; P = prednisone.

Table II shows the results of planimetry of the
three HGH curves for each patient. As can be
seen the mean percentage surface occupied during
prednisone and ACTH administration was half of
that occupied during the pretreatment rhythm.

Discussion
Hunter and Rigal (1966), Honda et al. (1969),

and Parker et al. (1969) have shown recently that
HGH fluctuates during the 24 hours and according
to Honda et al. (1969) and Parker et al. (1969), high

TABLE II
Plasma HGH Levels During the 24 Hours as

Estimated by Planimetry

Surface Area (cm2)
Case No.

BT P ACTH

1 177 41 66
2 90 40 11
3 99 72 66
4 62 19 44
5 78 63 53

Mean surface
area 101 47 48

Note: BT = before treatment; P e prednisone.

levels are a constant finding after the onset of sleep.
Parker et al. (1969) suggested that the HGH
regulatory effect on growth might be mediated
through these peaks.
The present results show clearly that corti-

costeroid therapy has a pronounced effect on the
spontaneous plasma levels of HGH in the sense
that the normally observed peaks ofHGH secretion
are almost totally abolished (Fig. 1-5 and Table I)
while measurable amounts of HGH less than 6
ng/ml are still present (Fig. 1-5). The disappear-
ance of these peaks has as a consequence a reduction
of the total HGH as it is obvious from the results of
the planimetry (Table II). The above findings
could possibly suggest that growth retardation
during corticosteroid treatment is mediated through
these changes of HGH secretion.
The question as to whether growth retardation

occurs during ACTH treatment has not yet been
settled (Friedman and Strang, 1966; Norman and
Sanders, 1969). The absence of any difference,
however, in the HGH levels after prednisone and
ACTH therapy suggests that any differences
between corticosteroids and ACTH with respect
to growth cannot be explained on the basis of
differences of HGH during these treatments.
Zahnd, Nadeau, and von Muihlendahl (1969) have
reported that intravenous administration of large
doses of synthetic ACTH acutely increases the
plasma HGH level. The absence of any such
change after ACTH treatment in the present study
supports the previously expressed opinion by
Ikkos et al. (1970) and Velentzas et al. (1971) that
this increase is a pharmacological effect of ACTH.
The mechanism of the effect of corticosteroids

and corticotrophin on the night and day rhythm of
HGH that we have observed is not clear. Taka-
hashi, Kipnis, and Daughaday (1968) have shown
that peak HGH secretion is not correlated with
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FIG. 1-5.-Night and day HGH levels before treatment and during prednisone and ACTH administration. The
arrows indicate the time of breakfast (B), lunch (L)., dinner (D), and supper (S).
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changes in plasma glucose, insulin, and cortisol.
On the other hand, Pecile and Muller (1966) have
shown that corticosteroids given to animals suppress
the HGH release through an action involving the
hypothalamic control of HGH secretion.
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