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A B S T R A CT The objective of this study was to com-
pare the responsiveness of human subjects to the ana-
bolic effects of human growth hormone (HGH) ad-
ministered at 8 a.m. or at 11 p.m. Three doses of HGH
were used: A, 0.0168 U/kg body weight (BW)"'4 per
day; B, 0.0532 U/kg BW"/' per day; C, 0.168 U/kg
BW"'4 per day. The effect of each dose on daily balances
of N, P, Na, and K and on BWwas measured. The
subjects were of two groups: (a) seven GH-deficient
children, of whom three were deficient in ACTH; and
(b) three patients with limb-girdle dystrophy. ACTH-
deficient patients in group (a) received exogenous cor-

tisol at 7 a.m. In all 10 subjects, the anabolic effects of
dose C, and sometimes of B and A, administered at 11
p.m. were significantly (P < 0.05) greater than when
administered at 8 a.m. In these experiments plasma cor-

tisol concentration averaged 3 times greater at 8 a.m.

than at 11 p.m.
In the next experiments, exogenous cortisol was ad-

ministered to the three ACTH-deficient patients at 10
p.m. and the responsiveness to HGHinjected at 11 p.m.
vs. 8 a.m. was again compared. Under these conditions,
when plasma cortisol concentration averaged 3 times

greater at 11 p.m. than at 8 a.m., HGH injected at 8

a.m. caused significantly greater anabolic responses
than HGHinjected at 11 p.m.

These findings indicate that the magnitude of the

anabolic response to exogenous HGH is inversely re-

lated to the plasma cortisol concentration at the time of
HGHinjection.

Received for publication 5 September 1972 and in revised
form 19 December 1972.

INTRODUCTION
The clinical value of human growth hormone (HGH)
as a growth-promoting and anabolic agent is limited by
variability in the responsiveness of human subjects and
by the limited supply of hormone available. In 2-wk
metabolic balance studies, normal children and adults
show little or no anabolic response to doses up to 0.15
U/kg body weight (BW)"4 but generally respond to 0.5
U/kg BW"/' (1-B). Daily injection of about 0.05-0.15
U/kg BW"'4 (the usual dose in long-term treatment of
growth retardation) in short children with normal en-
dogenous GH generally does not accelerate growth (9,
10). GH deficient children are more responsive; doses
between 0.015 and 0.15 U/kg BW"4 usually elicit an
acute anabolic response (1). Replacement treatment
with HGHat 0.05-0.15 U/kg BW"' accelerates growth
in these individuals (11-14), although the growth re-
sponse is variable and sometimes disappointing (15, 16).
Adult subjects with myotonic and limb-girdle mus-
cular dystrophies also are more sensitive than normals
to the anabolic action of 0.015-0.15 U/kg BW"4 (1, 3);
the hormone consequently is being evaluated as a pos-
sible form of treatment for these types of dystrophy.
HGHat a dose of about 0.5 U/kg BW"4 has been sug-
gested as pharmacologic treatment for patients after
burns (17, 18) and for hypoglycemia (19, 20).

The use of HGHfor either replacement or pharmaco-
logic therapy is severely limited by scarcity of the hor-

mone, and by the high threshold dose required for ana-

bolic or growth-promoting effect in most subjects with

normal endogenous GH. For these reasons, any method
of amplifying the human response to HGHwill be valu-

able.
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TABLE I
Clinical Summaries of the Subjects

[)uration 1Pituitary Hormone Muscle Functional
Case since hormone replacement score level

no. Age Sex lit Wt Bone age Diagnosis diagnosis deficiencies treatment (31)* (32)

yr cm kg yr yr

1 11 M 120 30 5 Isolated GHdeficiency 6 GH None 0 1

2 15 M 124 28 7 Isolated GHdeficiency 2 GH None 0 1

3 17 F 134 37 14 Deficiency of GHand 4 GH, FSH, LH None 0 1
gonadotropins
(idiopathic)

4 16 F 151 48 16 Panhypopituitarism 4 GH, TSH, Thyroxine, 0 1
after excision of ACTH, FSH, cortisol,
craniopharyngioma LH, ADH pitressin

5 17 F 160 75 13 Panhypopituitarism 6 GH, TSH, Thyroxine, 0 1
after excision of ACTH, FSH, cortisol,
craniopharyngioma LH, ADH pitressin

6 14 M 150 62 11 Panhypopituitarism 9 GH, TSH, Thyroxine, 0 1
after excision of ACTH, FSH, cortisol,
craniopharyngiorna LH, ADH pitressin

7 19 F 140 37 13 Panhypopituitarism 11 GH, TSH, Thyroxine, 0 1
after excision of ACTH, FSH, cortisol,
craniopharyngioma LH, ADH pitressin

8 51 M 165 71 Adult Limb-girdle dystrophy 31 None None 310 4

9 34 M 181 51 Adult Limb-girdle dystrophy 13 None None 235 3

10 29 M 179 78 Adult Limb-girdle dystrophy 11 None None 95 2

* Total loss of strength in all 68 muscles tested would give a score of 440, total normality a score of 0.

One possibility involves timing of the HGHinjection.
After the exogenous hormone is injected intravenously
in human subjects, its rate of disappearance from the
serum approximates a single exponential function over
the period 0-90 min, with a half-time of 15-50 min (21,
22). The duration of effect of a single dose, however, is
not known. Najjar and Blizzard (16) have compared
the growth-promoting effect of (a) a specific dose of
HGHonce a day, (b) twice the dose every other day,
and (c) half the dose twice a day, on the rate of growth
of pituitary dwarfs. The three schedules were said to be
generally equipotent, but data supporting this conclu-
sion were not presented. In the hypophysectomized rat,
however, injection of half a specified dose of bovine GH
twice a day gave a greater response than injection of
the entire dose once a day in the morning (23).

Another aspect of timing concerns the diurnal rhythm
of endogenous HGH, which is secreted by the adeno-
hypophysis largely during the first 2 h of sleep (24).
Furthermore, secretion of cortisol, which antagonizes
the anabolic effect of HGH(25, 26), shows the opposite
rhythm. Although this hormone is secreted episodically
(27), its plasma concentration is greater during the day

than at night (28, 29). Further, this concentration falls
to a minimum during slow-wave sleep (27), when plasma
growth hormone concentration rises to a maximum
(24). These relationships suggest that the anabolic effec-
tiveness of exogenous HGHmay be influenced by the
time of day at which it is injected and also by timing of
any exogenous glucocorticoid which the patient may be
receiving.

The initial objective of the present study was to com-
pare the responsiveness of human subjects to the ana-
bolic effects of HGHinjected at 8 a.m. or 11 p.m. Two
types of patient were studied: ' (a) growth-hormone-
deficient subjects, age 7-18; (b) adult patients with
limb-girdle dystrophy. As indicators of response, we
measured increments in daily balances of N, P, Na, and
K and in body weight (BW). The results of these ex-

1 Previous studies (1, 3) have shown that both categories
are 5-10 times more responsive to the anabolic effects of
HGHthan normal individuals. The minimal effective dose
for the anabolic effect of HGHin normals is 0.168-0.532
U/kg BW3/' daily, compared to 0.0532-0.168 U/kg BW3'4
for the patients cited. The supply of HGHavailable to us
was not sufficient to conduct these experiments in normals.
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TABLE I I
Effect of Altering Times of Administration of HGHand of Cortisol upon the Anabolic Effect of HGH

Plasma cortisol
HGH Cortisol concentration* Response to HGH(per kg BW3/4 X 10-')

Case Exp Series dosage dosage
no. no. no. schedule schedule 8 a.m. 3 p.m. 11 p.m. AN A P ANa AK

1 I A, 8 a.m. None
2 I A, 11 p.m. None
3 I B, 8 a.m. None
4 I B, 11 p.m. None
5 I C, 8 a.m. None
6 I C, 11 p.m. None
P values exp 2 vs. exp 1

exp 4 vs. exp 3
exp 6 vs. exp 5

2 1 I A, 11 p.m. None
2 I A, 8 a.m. None
3 I B, 11 p.m. None
4 I B, 8 a.m. None
5 I C, 11 p.m. None
6 I C, 8 a.m. None
P values exp 2 vs. exp 1

exp 4 vs. exp 3
exp 6 vs. exp 5

3 1 I A, 8 a.m. None
2 I A, 11 p.m. None
3 I B, 11 p.m. None
4 I B, 8 a.m. None
5 I C, 8 a.m. None
6 I C, 11 p.m. None
P values exp 2 vs. exp 1

exp 4 vs. exp 3
exp 6 vs. exp 5

4 1 I C, 8 a.m. 20 mg, 7 a.m.
2 I C, 11 p.m. 20 mg, 7 a.m.
3 II C, 8a.m. 20 mg, 7 a.m.
4 II C, 11 p.m. 20 mg, 10 p.m.
P values exp 2 vs. exp 1

exp 4 vs. exp 3

5 1 I C, 8 a.m. 25 mg, 7 a.m.
I

2 III C, 11 p.m. 25 mg, 7 a.m.

3 III C, 11 p.m. 25 mg, 10 p.m.
P values exp 2 vs. exp 1

exp 3 vs. exp 2

6 1 I C, 11p.m. 20mg,7a.m.
2 I C, 8a.m. 20mg, 7a.m.
3 II C, 8 a.m. 20 mg, 10 p.m.
4 II C, 11 p.m. 20 mg, 10 p.m.
P values exp 2 vs. exp 1

exp 3 vs. exp 2
exp 4 vs. exp 3

pg/1JO ml

23 15
15 11
21 17
18 9
26 15
20 17

g g meq

4 0.2±-0.1 -0.03±-1.5 3.3 ± 1.5
8 0.9±0.1:t 0.10±0.02t 8.3±2.1t
9 0.7±0.11 0.03:1:0.02 5.7±2.1
4 1.4±0.2: 0. 16±0.031: 12.4±3.0t
5 1.4±0.2: 0.08±0.04 7.5 i1.91

10 2.140.3t 0.1740.024 13.6±3.41:
<0.05 <0.001 NS
<0.05 <0.001 NS
<0.05 <0.005 NS

19 14 4 0.2±0.1 -0.05±0.03 4.242.1
26 18 8 0.1±0.1 0.0340.02 6.5±3.1
20 12 7 1.3±-0.2t 0.09±0.04 11.7±2.31:
17 15 5 0.4±0.2 0.02±0.02 7.043.1
18 21 10 1.7±-0.21 0.18±0.03t 16.542.91:
24 18 7 0.7±0.21: 0.07±0.021: 7.4±3.5

NS <0.01 NS
<0.01 <0.02 NS
<0.005 <0.001 NS

19 15 3 -0.340.2 0.0340.03 3.1±1.9
16 13 8 0.240.1 -0.03±0.02 -4.5±2.8
27 15 5 0.8±0.1 0.0740.01 7.543.9
2 1 18 7 1.0±0.2 0.0840.02 6.4±3.2
15 15 8 1.0±0.1 0.1140.03 7.143.5
20 11 4 2.0±0.3 0.24±0.06 18.3±3.6

NS NS NS
NS NS NS

<0.005 <0.001 <0.05

25 6 2 1.1±0.1:t 0.09±0.4 7.5±3.8
19 8 3 1.9±0.21 0.24±0.05: 14.442.71

7 3 28 1.5±0.21: 0.1840.051 9.1±2.11:
9 2 21 0.8±0.21 0.0940.03 8.7±2.41:

< 0.01 <0.001 < 0.10
<0.05 <0.005 NS

29 11 3 0.9±0.11: 0.0940.04 7.6±3.7

19 8 5 1.6±0.2t 0.1240.031t 11.9±3.11
24 13 4 0.9±0.1:t 0.10±0.031 8.4±2.81

<0.05 NS NS
<0.05 NS NS

19 8 2 1.6±0.21
27 6 4 1.0±0.21:

8 3 26 1.3±0.1:t
4 2 20 0.6±0.2

NS
NS

<0.05

0.11±0.031 14.5±3.31:
0.05S±0.03 8.1±-3.9
0.1S0.041 11.6±3.0t
0.03+0.02 5.3±3.1

<0.05 NS
<0.005 NS
<0.001 NS

mcq
- 1.5 ±0.7

5.1±1.1:
3.2 ±2.1
7.4± 1.8$:
3.9±2.0t
8.7±2.1t
<0.01

NS
<0.05

3.241.9
3.14±1.9
6.44 1.81
3.3± 1. 11:
9.5± 1.91
4.441.71:
<0.01

NS
<0.05

2.4±1.5
2.1 41.1
5.1±2.7
6.3±41.8
4.6± 1.1
9.1± 1.9

NS
NS
NS

5.1± 1. 11
9.3±2.01
8.7i 1.91
3.6± 1.9
<0.05
<0.05

5.8±-1.91
8.3 42.31:
4.642.8

NS
NS

7.9-± 1.71
6.0±3.11
8.5 ±2.51:
4.6±2.3

NS
NS
NS
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TABLE I I- (Continued)

Plasma cortisol

HGH Cortisol concentration* Response to HGH(per kg BW'14 X 10-1)
Case Exp Series dosage dosage
no. no. no. schedule schedule 8 a.m. 3 p.m. 11 p.m. AN AP ANa AK

pg/100 ml g g meq meq

7 1 I B, 8 a.m. 15 mg, 7 a.m. 19 8 5 0.540.3 0.0640.03 8.5+4.2 3.1±1.9
I

2 III B, 11 p.m. 15 mg, 7 a.m. 25 10 2 1.4±0.3t 0.07+0.02: 19.8±3.3t 8.1±2.01:
3 III B, 11 p.m. 15 mg, 10 p.m. 9 5 29 0.840.11 0.0540.03 6.743.4 3.3±1.6
4 II C, 8 a.m. 15 mg, 10 p.m. 6 2 31 1.3±0.2t 0.19 ±0.041t 12.6±3.0t 9.442.01
5 II C, 11 p.m. 15 mg, 10 p.m. 11 3 19 0.640.1t 0.07±0.03 4.3±2.9 5.1±1.5:
P values exp 2 vs. exp 1 <0.01 NS NS <0.05

exp 3 vs. exp 2 NS NS NS <0.05

exp 5 vs. exp 4 <0.05 <0.001 NS NS

8 1 I A, 8 a.m. None 21 15 8 0.2±:0.1 -0.03±0.02 -3.6±1.8 2.4±1.6
2 I A, 11 p.m. None 18 13 4 -0.1±0.05 0.024±0.01 4.1±2.2 1.5 41.0
3 I B, 11 p.m. None 16 11 7 0.5±0.041 0.02±0.01 6.1±3.1 2.0±1.3
4 I B, 8 a.m. None 19 10 10 0.74±0.08t 0.03 40.02 5.8±3.3 3.84 1.9
5 I C, 8 a.m. None 17 14 11 1.1±0.02t 0.0740.04 8.644.3 4.5±2.41t
6 I C, 11 p.m. None 27 16 12 1.640.2t 0.18±t0.031t 15.4±3.0t 9.9±2.0t
P values exp 2 vs. exp 1 NS NS NS NS

exp 4 vs. exp 3 NS NS NS NS
exp 6 vs. exp 5 NS <0.001 NS <0.025

9 1 I B, 11 p.m. None 17 15 11 0.540.3 0.06±0.04 7.9±4.0 3.4±2.1
2 I B, 8 a.m. None 15 10 9 0.6±0.3 0.04±0.03 5.3±3.1 1.8+1.5
3 I C, 8 a.m. None 26 19 5 0.8±0.1t 0.07 ±0.04 9.4±2.91: 4.1±1.1:
4 I C, 11 p.m. None 24 16 7 1.5+0.2 0.20±0.03* 15.6±4.0t 7.9±1.61:
P values exp 2 vs. exp 1 NS NS NS NS

exp 4 vs. exp 3 <0.05 <0.001 NS NS

10 1 I C, 8 a.m. None 21 14 11 1.1±0.1t 0.09±0.05 10.5±3.11t 4.3±2.5
2 I C, 11 p.m. None 20 16 4 1.8±0.21t 0.20±0.04t 7.6±2.0t 8.1i2.01:
P value exp 2 vs. exp 1 <0.05 <0.001 NS NS

Experiments for which a P value was calculated were'conducted within the same 90 day period. Response is expressed as average daily
A SE (n= 7).
* Average ±SE (n = 3).
1 Statistically significant response to HGH (P < 0.05 for the difference in daily elemental balance during experimental and control
periods of the metabolic balance study). NS signifies P > 0.05.

periments led to additional studies in hypophysectomized
patients receiving exogenous cortisol, wherein the time
of injection of HGHwas held constant and the time of
cortisol administration varied.

METHODS
The clinical data of the subjects are summarized in Table
I. (a) Seven children, age 11-19, deficient in HGH. In four
the pituitary gland had been removed because of tumor.
In these four, and in an additional one with nonneoplastic
pituitary disease, deficiency of HGHwas accompanied by
deficiency of one or more other. pituitary hormones. Criteria
for establishing deficiency of HGH, adrenocorticotropin,
thyroid-stimulating hormone, gonadotropins, or antidiuretic
hormone were as described before (1). Replacement doses

for these deficiencies were: cortisol, 15-25 mg daily, admin-
istered at either 7 a.m. or 10 p.m. as specified; thyroxine,
0.2-0.3 mg daily given at 8 am.; pitressin tannate in oil,
3-5 U intramuscularly at 24- to 72-h intervals. During the
time of this study, plasma thyroxine iodine concentration
was 3.5-6.4 ,ug/100 ml; urine volume did not exceed 1500
ml/day. Plasma cortisol concentrations are given in Table
II. (b) Three patients with limb-girdle dystrophy. The
criteria for this diagnosis are given in reference 3.

The effect of HGHat three doses (0.0168 U/kg BW3/4,
dose A; 0.0532 U/kg BW814, dose B; 0.168 U/kg BW3/4,
dose C) 2 on balances of N, P, Na, and K and on BWwas
measured as described before (1-3). The measurement of
these responses to a given dose of HGH required a 17

2For a 50 kg subject these doses represent 0.32, 1.00, and
3.2 U/day, respectively.

Responsiveness to HGH 915



TABLE III
Effect of Separating (a) Time of Injection of HGHfrom (b) Time of Maximal Plasma Cortisol Concentration

by 8-12 h upon the Metabolic Response to HGH

AN AP ANa AK
Number

Series HGHdose comparisons 0 t I 0 t 1 0 T 1 0 T 1

I Dose A 4 3 1 0 2 2 0 4 0 0 2 2 0
Dose B 6 3 3 0 4 2 0 6 0 0 5 1 0
DoseC 9 2 7 0 1 8 0 8 1 0 6 3 0

II Dose C 3 0 3 0 0 3 0 3 0 0 2 1 0
III Dose B 1 1 0 0 1 0 0 1 0 0 0 1 0

Dose C 1 0 1 0 1 0 0 1 0 0 1 0 0

0 signifies the response was not significantly (P > 0.05) altered by separating (a) and (b) by 8-12 h.
T and l signify the response was significantly (P < 0.05) increased or decreased, respectively, by separating (a) and (b) by
8-12 h.

day hospital study: 3 day equilibration period, 7 day control
period, 7 day HGHperiod. During the control period, BW
did not change by > 0.03 kg/kg BW51' X 10' and average
daily balances were within the following ranges per kilo-
gram BW1'' X 10-': N ±0.6 g, P +0.07 g, Na ±6.0 meq,
K +2.3 meq. Responses were calculated as daily increments
in elemental balances (average daily balance during 7 day
HGH period minus average daily balance during 7 day
control period): AN (grams), AP (grams), ANa (milli-
equivalents, and AK (milliequivalents).

In each subject, the 17 day experiments were done at 1-
to 3-mo intervals over a 12 mo period. In these two to
six experiments in each subject, the dose and timing of
HGHand (in some hypophysectomized cases) the timing
of exogenous cortisol were systematically varied as shown
in Table II, in order to determine the relationship between
timing of the two hormones and magnitude of anabolic
response to each dose of HGH.

RESULTS
Experimental series I: comparison of HGHat 8 a.m.

and 11 p.m., plasma cortisol being maximal' at 8 a.m.
In the four hypophysectomized cases (4-7) who received
exogenous cortisol, the entire dose was given at 7 a.m.
In these four cases, and also in the six other subjects
not receiving exogenous cortisol, the effect of HGHat
dose C, B, and (sometimes) A was compared when the
hormone was injected at 8 a.m. and when it was in-
jected at bedtime. The experiments, conducted at 30- to
90-day intervals, are listed chronologically in Table II.
Average plasma cortisol levels of the patients in all
these experiments were highest at 8 a.m., intermediate
at 3 p.m., and lowest at 11 p.m.

19 comparisons in all were made: 9 at dose C, 6 at
dose B, and 4 at dose A. In no comparison did HGHat
8 a.m. produce a greater effect than at 11 p.m. (Table
III). In 8 comparisons, no significant difference in re-

sponse was found. In the remaining 11 comparisons,

' Among the three times at which plasma cortisol con-
centration was measured: 8 a.m., 3 p.m., and 11 p.m.

HGH administered at 11 p.m. caused significantly
greater anabolic effect at bedtime than HGHgiven at 8
a.m. In 7 of 9 comparisons, dose C administered at 11
p.m. caused a significantly greater response than when
given at 8 a.m. For doses B and A this relationship was
evident in 3 of 6 and in 1 of 4 comparisons, respectively.
The greater effect of HGHinjected at 11 p.m. was usu-
ally evident in the retentions of N and P, less often in
those of Na and K. The results of series I are sum-
marized in Tables III and IV.

Experimental series II: comparison of anabolic ef-
fect of HGHat 8 a.m. and 11 p.m., plasma cortisol level
being maximal' at 11 p.m. In these experiments with
three hypophysectomized children, the replacement dose
of cortisol was given throughout the equilibration, con-
trol, and HGH periods at 10 p.m. HGHwas given
either at 8 a.m. or at 11 p.m. Six experiments, providing
three comparisons, were made. In all three comparisons,
dose C at 11 p.m. caused a lesser anabolic effect than at
8 a.m. (Table II, III, and IV).

Experimental series III: effect of changing adminis-
tration of exogenous cortisol from 7 a.m. to 10 p.m. upon
anabolic effect of dose C HGHadministered at 11 p.m.
Only two comparisons were made. In one comparison,
the N response was significantly enhanced by separating
the administration of the two hormones by 8 h; in the
other, a significant difference was not apparent.

DISCUSSION
Experiments of series I show that in patients with nor-
mal diurnal rhythm of endogenous cortisol, or in pa-
tients receiving exogenous cortisol at 7 a.m., HGHex-

erts a stronger anabolic action when injected at 11 p.m.
than at 8 a.m. The enhancement of bedtime injection is
evident both as increased magnitude of response to doses
B and C and, in some instances, by lowering of the
minimal effective dose from C to B or from B to A.

916 D. Rudman, D. Freides, J. H. Patterson, and D. L. Gibbas



TABLE IV
Summary of Series I and II

AN AP ANa AK

Series I: plasma cortisol concentration maximal at 8 a.m.
HGH8 a.m. Dose A 0.1±0.02 (4) 040.02 (4) 2.3+2.1 (4) 1.6±1.05 (4)

Dose B 0.7±0.09 (6) 0.06±0.01 (6) 6.5±0.47 (6) 3.6±0.6 (6)
Dose C 1.0±0.02 (9) 0.08±0.005 (9) 8.240.37 (9) 4.7±0.25 (9)

HGH11 p.m. Dose A 0.3±0.21 (4) 0.01±0.03 (4) 3.0±2.7 (4) 1.4±1.7 (4)
Dose B 1.0±0.17 (6) 0.08±0.02 (6) 10.141.4 (6) 5.4±i0.95 (6)
Dose C 1.8±0.07 (9) 0.18±0.02 (9) 14.2±1.0 (9) 8.7±0.25 (9)

P value 11 p.m. vs. 8 a.m. Dose A NS* NS NS NS
Dose B NS NS <0.05 NS
Dose C <0.001 <0.001 <0.001 <0.001

Series 11: plasma cortisol concentration maximal at 11 p.m.
HGH8 a.m. Dose C 1.440.1 (3) 0.17±0.01 (3) 11.1± 1.03 (3) 8.9±0.27 (3)
HGH11 p.m. Dose C 0.74±0.06 (3) 0.06±0.02 (3) 6.1i 1.3 (3) 4.4±0.43 (3)
P value 11 p.m. vs. 8 a.m. Dose C <0.005 <0.005 <0.05 <0.001

Values represent average ±SE (n).
* NS signifies P > 0.05.

Three mechanisms for the greater anabolic effect of
HGHadministered at bedtime can be visualized: (a)
The lesser nocturnal physical activity may facilitate the
anabolic processes. (b) The adipokinetic action of HGH,
which plays a role in the overall anabolic effect, depends
on fasting (30); HGHinjected at bedtime will promote
mobilization of free fatty acids during the fasting hours
of the night, while this effect after matinal injection will
be inhibited by the diurnal food intake (30). (c) The
anabolic action of HGH, which is opposed by cortisol
(25, 26), may be greater after nocturnal injection be-
cause the hormone reaches its target tissues during a
period when cortisol concentration in extracellular fluids
is low.

That mechanism (c) is at least partly responsible was
shown by experiments of series II and III in hypophy-
sectomized patients receiving exogenous cortisol.
Whether HGHwas administered at 8 a.m. or 11 p.m.,
its anabolic effect was enhanced by separating the ad-
ministration of HGHand cortisol in time by 8-10 h,
thereby reducing the plasma cortisol concentration to
< 5 /g/100 ml at the time of HGHinjection.

These findings indicate that the anabolic effect of
exogenous HGH is influenced by the plasma cortisol
concentration at the time of HGH injection, but they
do not rule out possible additional influences (mentioned
above) by diurnal variations in food intake and physical
activity.

We do not know to what extent these relationships
in anabolic response during 7 days of HGHtreatment
can be extrapolated to growth response during months
of treatment, Furthermore, we did not investigate other

metabolic effects of HGH, such as reduction in carbohv-
drate tolerance, decline in plasma amino acid and urea
levels, and increase in plasma concentrations of insulin
and free fatty acids. The indicators of response to HGH
which were monitored, however, are those acute meta-
bolic events most closely related to growth, viz. the depo-
sition of N, P, and K in protoplasm. Therefore, it
seems logical that the influences of timing of HGHand
cortisol upon the anabolic response to the former, in
short-term studies, may have their counterparts in lin-
ear growth response during chronic treatment. The pres-
ent study thus suggests that the growth response to
exogenous HGHby children with isolated GH defi-
ciency will be greater if the hormone is injected at 11
p.m. than at 8 a.m., and in those children who also have
ACTH deficiency, if the entire daily dose of cortisol is
given at 7 a.m. Similarly, the present data suggest that
any long-term anabolic effects of HGHon muscles of
patients with limb-girdle dystrophy will be greater if
the hormone is injected at 11 p.m. than at 8 a.m. The
validity of these predictions, however, will need to be
tested in appropriate long-term experiments.

The present study utilized only two periods of the
day for administration of cortisol and HGH: 7-8 a.m.
and 10-11 p.m. Possibly separation of the two hormones
in time by a period smaller than 8-12 h, or some schedule
of divided doses, may lead to further enhancement of the
anabolic response to HGH.
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