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Summary. Serum osteocalcin and bone alkaline 
phosphatase (BAP) were measured in samples 
drawn at 8 a.m. in 7 patients with GH deficiency 
treated with recombinant human growth hormone 
(rhGH) (2 IU/day subcutaneously at 8 p.m.), and 7 
normal controls. Patients treated with 2 IU/day had 
lower BAP than controls (P < 0.05). Further, in- 
creasing doses of rhGH were given subcutaneously 
to each of the 7 patients for 3 consecutive 14-day 
periods (2, 4, and 6 IU/day at 8 p,m.) followed by 14 
days off treatment. At the end of each period, the 
patient was hospitalized for frequent blood sam- 
pling from 8 p.m. to 11 a.m. the following day. A 
dose-dependent increase in area under the curve 
(AUC) was seen for osteocalcin (P < 0.05), whereas 
the increase in AUC for BAP just failed to reach 
significance (P < 0.10). The nocturnal patterns of 
serum osteocalcin in patients on 4 and 6 IU/day 
were statistically indistinguishable from those in 
controls. During treatment with 2 IU/day and the 
off-treatment period, the pattern was significantly 
different from controls (P < 0.05). In conclusion, 
rhGH has a dose-dependent effect on basal osteo- 
blastic activity and the nocturnal pattern of osteo- 
calcin. Serum osteocalcin increases within hours 
following rhGH administration. However, 2 IU/day 
is inadequate to maintain normal levels and noctur- 
nal variation in markers of osteoblastic activity. 
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Previous recommendations on dosage and mode of 
administration of growth hormone (GH) in GH- 

deficient children have been a compromise between 
supply and effectiveness and only about 50% of the 
treated patients have grown to normal height [1]. 
The introduct ion of  recombinant  human GH 
(rhGH), however, has resulted in a potentially un- 
limited supply of the hormone [2] and therefore al- 
lows more thorough evaluations of its physiological 
effects and dose-response relationship [3]. Adjust- 
ment of dosage to the changing needs of the indi- 
vidual patient, for instance during puberty, may be 
one way to optimize substitution therapy in GH- 
deficient patients. A number of methods are cur- 
rently used for measuring the effects of GH on 
bone. Measurements of the lower leg length by 
knemometry [4] or using a stadiometer may detect 
very small changes in growth rate. However, addi- 
tional monitoring of more rapidly reacting biochem- 
ical indices of bone cell activity may be helpful in 
finding the best dose schedule for achieving normal 
final heights in these  children. The growth- 
promoting effect of GH is mediated at least partially 
by insulin-like growth factor-I (IGF-I) [5], but most 
of the serum IGF-I derives from the liver [6] and 
serum levels of IGF-I may not be the best predictor 
of the growth response [7]. Serum osteocalcin (bone 
gamma-carboxy glutamic acid-containing protein) 
(BGP) [8, 9] reflects osteoblastic activity [10, I1] 
and has the advantage of a short half-life in serum 
[12]. Serum osteocalcin is low in patients with GH 
deficiency and increases in response to therapy 
[13]. Recently, GH has also been shown to affect 
the circadian rhythm of serum osteocalcin [14]. Se- 
rum levels of bone isoenzyme alkaline phosphatase 
(BAP), assessed as the lectin-precipitable fraction 
of total alkaline phosphatase (TAP) [15, 16], also 
correlates with bone formation [17], but BAP and 
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Table 1. Clinical data on the patients at the entry of the study 

83 

Group I treated GH deficiency Group II--normal controls 

Age Height Weight Tanner Age Height Weight Tanner 
(yrs) Sex (cm) (kg) stage (yrs) Sex (cm) (kg) stage 

11 M 131 28 1 9 M 139 30 1 
12 F 135 37 1 9 M 139 31 1 
15 F 143 43 2 12 F 141 37 2 
17 F 162 50 2 12 F 159 39 3 
16 M 168 59 2 14 M 180 57 3 
17 M 156 46 2 14 M 175 65 3 
19 M 168 51 3 14 M 170 67 3 

Mean 15 152 45 Mean 12 157 47 

Normal controls were selected to match patients in Tanner stages. Patients in group I had received GH (2 IU/day sc) for 1-13 years 

o s t e o c a l c i n  m a y  r e f l e c t  d i f f e r e n t  a s p e c t s  o f  b o n e  

m e t a b o l i s m  [18]. I n  n o r m a l  c h i l d r e n ,  b o t h  s e r u m  

o s t e o c a l c i n  a n d  B A P  p a r a l l e l  t h e  g r o w t h  v e l o c i t y  

c u r v e  [19, 20] a n d  s e r u m  o s t e o c a l c i n  c o r r e l a t e s  w i t h  

h e i g h t  d u r i n g  p u b e r t y  [19]. 
T h e  a i m  o f  t h e  p r e s e n t  s t u d y  w a s  to  e v a l u a t e  t h e  

e f f e c t s  o f  i n c r e a s i n g  d o s e s  o f  r h G H  (2 ,4 ,6 ,  I U / d a y )  
o n  t h e  v a r i a t i o n  in  s e r u m  c o n c e n t r a t i o n s  o f  o s t e o -  

c a l c i n  a n d  B A P  in  t h e  s a m e  G H - d e f i c i e n t  p a t i e n t s .  

W e  f u r t h e r  c o m p a r e d  t h e  f i n d i n g s  in  t h e s e  p a t i e n t s  

w i t h  a T a n n e r - s t a g e  m a t c h e d  c o n t r o l  g r o u p .  

Materials and Methods 

Patients 

The protocol was part of a clinical study on short-term metabolic 
response to rhGH [3]. We studied two groups of subjects. Seven 
GH-deficient patients (group I) who had been treated with 2 
IU/day subcutaneously (sc) for 1-13 years, and 7 healthy con- 
trols (group II) (Table 1). All patients with GH deficiency had a 
maximum serum GH response of less than 5 i~g/liter to two pro- 
vocative tests, i.e., arginine infusion and elevation of body tem- 
perature [21]. One of the previously treated patients received 
additional hormonal replacement therapy with cortisone, 2 with 
cortisone and thyroxine, and 1 received cortisone, thyroxine, 
and testosterone. This treatment was continued unchanged dur- 
ing the study. Children in group II were selected to match pa- 
tients in group I with respect to pubertal development (Tanner 
stages [22]) (Table 1). 

Design 

The subjects were admitted to the hospital during study periods 
of 15 hours. Conditions during these periods were kept as con- 
stant as possible. Blood samples were drawn through an indwell- 
ing catheter at 8 p.m., 9 p.m., 10 p.m., l l  p.m., 12 p.m., 2 a.m., 
4 a.m., 8 a.m., 9. a.m., l0 a.m., and II a.m. Subjects rested in the 
supine position from l0 p.m. and throughout each study period. 
They fasted overnight and had breakfast at 8 a.m. Each patient 
received the same meal on all four occasions. 

Each patient in group I was investigated during four study 

periods. At the time of the first study period, all patients in group 
I received 2 IU/day of natural sequence rhGH (Norditropin, Nor- 
disk Gentofte, Gentofte, Denmark; biopotency 3 IU/mg) given as 
daily sc injections at 8 p.m. After the first study period the dose 
of GH was increased to 4 IU/day for the next 14 days and sub- 
jects were re-admitted to the hospital for another 15-hour study 
period. The dose was then further increased to 6 IU/day for the 
following 14 days, after which subjects were studied for the third 
time. Finally, all subjects had GH injections withdrawn for 2 
weeks and were studied again. Group II went through one study 
period only; the study was performed from January to April. 

Biochemistry 

Serum osteocalcin (SOC) was measured by a radioimmunoassay 
modified from Price and Nishimoto [9] using rabbit antiserum 
against bovine osteocalcin. Intact, purified bovine osteocalcin 
[8] verified by amino acid analysis and antisera to bovine osteo- 
calcin was generously provided by J. Poser (Procter and Gamble 
Company, Cincinnati, OH, USA). The antisera showed full 
cross-reactivity between human and bovine osteocalcin. The in- 
tra- and interassays coefficient of variations were 5 and 10%. 

TAP in serum was measured spectrophotometrically using p- 
nitrophenylphosphate as substrate according to the method rec- 
ommended by the Scandinavian Committee on Enzymes [23]. 
Interassay CV was 5% (mean = 218 U/liter, n = 24) and the 
intraassay CV was 2.5% (mean = 246 U/liter, n = 10). 

Serum bone isoenzyme (lectin-precipitated) alkaline phos- 
phatase activity (BAP) was determined by the method described 
by Rosalki and Foo [15]. Samples (300 i~1) were pretreated with 
30 p~l Triton X-100 (20 g/liter) for 30 minutes at 37~ An aqueous 
solution of wheat germ lectin (Sigma L-9640, 5 g/liter in distilled 
water) was then added, the samples were mixed, and were incu- 
bated for 30 minutes at 37~ After centrifugation at 2,000 g in 10 
minutes, the AP activity was determined as above and serum 
BAP was calculated as the difference between total and super- 
natant activity. The intraassay CV was 5% (mean = 309, n = 15) 
and the interassay CV 7% (mean = 322 U/liter, n = 12). TAP 
and BAP were only measured in samples drawn at 8 p.m., 8 a.m., 
and 11 a.m. 

Statistical Analysis 

Serum levels of the three parameters at 8 a.m. in group I and II 
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Table 2. Biochemical markers of osteoblastic activity in samples 
drawn at 8 a.m. 

Group I Group I1 
treated GH normal 
deficiency controls 
(n = 7) (n = 7) 

S-osteocalcin (ixg/liter) 57 -+ 19 127 +- 38 
SBAP (U/liter) 239 4- 48 a 433 -+ 69 
STAP (U/liter) 349 - 48 512 -+ 74 

a Significantly different from normal controls (P < 0.05) 

were compared by unpaired t-test. In group I and II, area under 
the curves (AUC) for osteocalcin, TAP, and BAP profiles were 
calculated by trapezoidal integration and divided by the appro- 
priate time intervals to give the integrated serum concentrations 
(SiOC, SiTAP, and SiBAP, respectively). The differences be- 
tween group I and II were tested by unpaired t-test and the 
dose-dependent effects in group 1 were analyzed by repeated 
measures analysis of variance (ANOVA). 

In group I, the effects of time and rhGH dosage on the serum 
concentration profiles were analyzed by repeated measures 
ANOVA using Z-scores (difference from mean divided by SD). 
All statistical analyses were performed using SPSS (Statistical 
Package for Social Sciences). P values less than 0.05 were con- 
sidered significant. All results are given as mean -+ SE unless 
otherwise stated. 

Results 

The clinical data on the participating subjects are 
listed in Table I. Table 2 shows the values of serum 
osteocalcin, BAP, and TAP obtained from measure- 
ments in samples drawn at 8 a.m. Patients on con- 
ventional replacement therapy (2 IU rhGH/day, sc) 
had lower levels of BAP than controls (P < 0.05). 

In group I, a significant rise in the SiOC was ob- 
served with increasing dosage of rhGH (P -- 0.02) 
(Fig 1). The SiBAP just failed to reach significance 
(P = 0.08), and the SiTAP seemed unaffected by 
rhGH (P = 0.50) (Fig 1). Although the control 
group exhibited greater mean SiOC, SiTAP, and 
SiBAP compared with the GH-deficient patients re- 
gardless of rhGH dosage, the observed differences 
did not reach significance due to a wide scatter of 
values in the control group. 

In group II, serum osteocalcin increased gradu- 
ally to maximum levels at 4 a.m.-8 a.m. followed by 
a subsequent decrease (ANOVA, P -- 0.14) (Fig 
2A). A similar pattern was seen during the first 13 
hours in the GH-treated patients (ANOVA, P < 
0.01) (Fig 2C-E). ANOVA revealed that in group I 
following 4 and 6 IU rhGH/day, the changes in se- 
rum osteocalcin with time were not different from 
those of group II (Fig 2A). However, the diurnal 
patterns observed in group I during treatment with 
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Fig. 1. Mean -+ SE integrated serum levels of osteocalcin 
(SiOS), total alkaline phosphatase (SiTAP), and bone isoenzyme 
alkaline phosphatase (SiBAP) (calculated from areas under the 
curves from 8 p.m. to I 1 a.m.) in 7 GH-deficient patients treated 
with different doses of rhGH (group I) and 7 normal children 
(group I1). Patients in group I were studied on four occasions: on 
conventional replacement therapy (2 IU/day), after 2 weeks ad- 
ministration of 4 IU/day, after additional 2 weeks with a further 
increase to 6 IU/day, and subsequently after 14 days off treat- 
ment. Injections were given sc at 8 p.m. In group I, a significant 
dose effect was seen in SiOC (ANOVA, P < 0.02), the SiBAP 
just failed to reach significance (ANOVA, P = 0.08), and the 
SiTAP seemed unaffected by rhGH (ANOVA, P = 0.50). SiOC 
was significantly lower during treatment with 2 IU/day compared 
with 6 IU/day (P < 0.05). The mean values of SiOC, SiTAP, and 
SiBAP was higher in controls but these differences did not reach 
statistical significance. 

2 IU rhGH/day (Fig 2C) and during the off- 
treatment period (Fig 2B) were significantly differ- 
ent from the pattern seen in controls (P < 0.05). 
Serum TAP and BAP did not display any significant 
variation with time in the two groups. 
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Fig. 2. Time-related variations in serum osteocalcin (Z scores) in 
7 GH-deficient patients (closed circles) and in 7 normal controls 
(panel A, open circles). Patients were studied on four occasions: 
on conventional replacement therapy (2 IU/day) (panel C), after 
2 weeks administration of 4 IU/day (panel D), after additional 2 
weeks with a further increase to 6 IU/day (panel E), and subse- 
quently after 14 days off treatment (panel B). Injections were 
given sc at 8 p.m. 

Discussion 

Patients with untreated GH deficiency have re- 
duced serum levels of the indices of osteoblastic 
activity, when measured in single samples taken in 
the morning [13]. The present study suggests that 
patients on conventional replacement therapy (2 
IU/day sc) have lower osteoblastic activity com- 
pared with controls, when evaluated on the basis of 
both BAP in morning samples and the nocturnal 
profile of serum osteocalcin. This is in contrast to 
the findings of Delmas et al. [13] who reported nor- 
mal levels of osteocalcin during treatment with 4-8 
IU given 2-3 times a week, corresponding to ap- 
proximately 1-3.5 IU/day. The difference is further 
amplified by the observation that frequent injec- 
tions by the subcutaneous route result in higher 

growth rates compared with less frequent intramus- 
cular injections [24]. The discrepancy may be partly 
explained by different timing of blood sampling in 
relation to the GH administration, as our findings 
suggest an acute effect of rhGH on the postinjec- 
tional profile of serum osteocalcin. 

The increasing levels of SiOC during the study 
indicate a dose-dependent effect of rhGH on osteo- 
calcin. However, as no wash-out periods were in- 
cluded, the increase in SiOC observed following 2 
weeks of 6 IU/day could have been partly induced 
by the first increase in dose from 2 to 4 IU/day. 

In theory, serum levels of osteoblastic markers 
depend on the number of osteoblasts, the activity of 
single osteoblasts, and the metabolic clearance of 
the bone markers. As to the latter, serum levels of 
osteocalcin depend on renal function [25], which is 
not the case for BAP. The observed changes in os- 
teocalcin during treatment cannot be explained by 
alteration in renal function, as both glomerular fd- 
tration rate and renal plasma flow are known to 
increase during treatment with hGH [26, 27]. This 
view is also supported by the almost parallel 
changes in SiOC and SiBAP. However,  some dif- 
ferences between serum osteocalcin and BAP are to 
be expected because of their different serum half- 
lives, being 30 minutes for osteocalcin [12] and 1-2 
days for BAP [28]. Further, some studies indicate 
that osteocalcin and BAP may be produced by os- 
teoblasts differing with respect to phenotype or ma- 
turity [18, 29]. This may explain why serum osteo- 
calcin decreased during the 2 weeks off treatment 
whereas serum TAP and BAP remained unchanged 
or even increased slightly. 

The acute increase in serum osteocalcin seen af- 
ter administration of rhGH during treatment with 4 
and 6 IU/day most probably reflects the effect of 
rhGH on the activity of the present osteoblast pop- 
ulation, as recruitment of new osteoblasts during 
the 15-hour study periods seems unlikely. On the 
other hand, both the effect of increased rhGH dos- 
ages on integrated serum levels and the observation 
that bone markers did not return to baseline values 
after 2 weeks off treatment support the theory of an 
expansion of the osteoblast population. However, it 
is not possible from our experiment to determine 
whether this was due to skeletal growth (modeling), 
activation of bone remodeling, or a combination of 
both. This would require invasive procedures (bone 
biopsy) and washout periods of several months 
which we judged unethical. 

In normal adults, a diurnal rhythm in serum os- 
teocalcin has been found by several investigators, 
showing a nocturnal acrophase around 2 a.m. and a 
nadir around noon [30-32]. Our results suggest that 
a nocturnal acrophase also exists in normal chil- 
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dren. Furthermore, the statistical analysis implies 
that the rhythm during rhGH treatment with 4 and 6 
IU/day was not different from the physiological 
rhythm, whereas both 2 IU/day and discontinuation 
of therapy resulted in significantly different varia- 
tions. Serial determinations of osteocalcin using 
hourly sampling has been shown to be a sensitive 
model system for evaluation of the effects of vari- 
ous hormones on osteoblastic activity [31, 32]. The 
present study suggests that patients lacking GH in 
serum do not have a normal physiological rhythm of 
osteocalcin. It also demonstrates that rhGH is ca- 
pable of increasing nocturnal levels of serum osteo- 
calcin and normalizing the nocturnal rhythm when 
given in doses of 4 and 6 IU/day but only partially in 
a dose of 2 IU/day. From inspection of the curves it 
seems that SOC may show a second increase during 
the hours from 10 a.m. to 11 a.m. in group I after 4 
and 6 IU/day whereas SOC seems to fall in normals. 
There is no obvious explanation for this observa- 
tion. Several hormones, capable of changing SOC, 
fluctuate during the day and mechanical load of the 
skeleton may play a role, but further studies are 
needed to clarify this point. 

Patients and controls were matched according to 
pubertal development because serum levels of os- 
teocalcin and BAP parallel the height velocity curve 
during the pubertal growth spurt in normal children 
[19, 20]. The study was completed within 3 months 
during wintertime and no significant seasonal vari- 
ation in osteocalcin has been reported in these 
months of the year [33]. Moreover, the short indi- 
vidual observation period makes it unlikely that pu- 
bertal development or increase in height or weight 
during the study could account for the observed 
changes. 

In conclusion, serial measurements of serum 
BAP and osteocalcin may be useful indicators of the 
response to treatment with rhGH. Our findings add 
to the evidence that substitution with 2 IU rhGH 
daily may be inadequate in GH deficiency [3], 
though the potential side effect of a higher GH dos- 
age must be taken into careful consideration. The 
significance of the observed discrepancies between 
the bone markers, however, remains to be further 
elucidated. 
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