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Enhancement of bone formation in rabbits by 
recombinant human growth hormone 

Anders Ehrnberg’, Otte Brosjo’, Peter Laftman’, Olle Nilsson3 and Lennart Stromberg2 

We studied the effect of human recombinant growth 
hormone on diaphyseal bone in 40 adult rabbits. The 
diaphyseal periosteum of one femur in each animal 
was mechanically stimulated by a nylon cerclage 
band. The bands induced an increase in bone forma- 

tion, bone mineral content, and maximum torque 
capacity of the diaphyseal bone at 1 and 2 months. 
Growth hormone enhanced the anabolic effect of the 
cerclage bands on bone metabolism, evidenced by a 
further increase in torsional strength of the femurs. 
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In a previous study on the effects of recombinant 
human GH on the regeneration of experimentally atro- 
phied bone in adult rabbits, the periosteal new bone, 
formed in response to surgical trauma, was increased 
2-5 times in GH-treated animals, while the mechanical 
properties of the diaphyseal bone were not affected 
(Lliftman et al. 1988). This effect was attributed to 
increased new bone formation by the periosteum in 
response to non-specific surgical trauma. We report 
the effects of recombinant human growth hormone on 
periosteal new bone formation in response to stimula- 
tion by the application of a plastic cerclage to one 
femur diaphysis in the rabbit. 

Animals and methods 

40 healthy adult rabbits (Swedish Land Breed) of both 
sexes, weighing 3.5-4.2 kg were used. The animals 
were housed in separate cages and given a standard 
diet and water ad libitum. The rabbits were random- 
ized into 4 groups of 10. The groups had similar 
weights and sex. 45Ca 8 pCi/lcg body weight, and tri- 
tiated proline 16 pCikg body weight (Amersham AB, 
Stockholm, Sweden), were given as a single i.m. injec- 
tion 2 days before death. 

Plastic cerclage bands similar to those described by 
Partridge (1976) were used in order to achieve 
mechanical irritation of the periosteum. The bands 
(Sta-Straps, Panduit Corp., Tinby Park, IL, U.S.A.) are 
2.4 mm wide and 0.9 mm thick, provided with a lock- 
ing device. The inner surface, facing the periosteum, 
has elevations 1 mm high and 2 mm long, 3 mm apart. 

The material of the bands can be considered as biolog- 
ically inert in this context. 

All the animals survived surgery and the subsequent 
medication without any complications. At death, all 
cerclage bands were firmly attached to the femurs by 
closely appositioned ridges of newly-formed periosteal 
bone. 

Surgety 
The rabbits were anesthetized using Hypnorm Vet. 
(Jansen, Bruxelles, Belgium) and Diazemuls (KabiVi- 
trum AB, Solna, Sweden) 1: l  given i.m. 1 mLkg body 
weight. All operations were performed under strictly 
sterile conditions. A lateral incision was performed on 
one of the thighs, chosen at random. The femur mid- 
diaphysis was exposed by blunt dissection along the 
intramuscular septum posterior to the vastus lateralis 
muscle. An extraperiosteal tunnel was created at the 
mid-portion of the femur shaft. A cerclage band was 
applied around the femur diaphysis. The band was 
tightened to a loose fit by means of a device that 
creates a standardized tension. The fascia and skin 
were closed with absorbable and non-absorbable 
sutures, respectively. The contralateral femur was used 
as control, not subjected to surgery. 

Growth hormone treatment 
The rabbits in the 2 test groups were treated with daily 
S.C. injections of recombinant human growth hormone 
(Genotropin@, KABI AB, Stockholm, Sweden) 0.3 IE 
per kg body weight from the day of surgery until 
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death. The control animals received daily injections of 
0.5 mL sterile saline solution as placebo. 

After 1 and 2 months, the animals were killed with 
an i.v. dose of pentobarbital sodium and methanol. 
The femurs were immediately dissected free from all 
soft tissues and connecting bones, but all periosteal tis- 
sue was preserved, and the cerclage bands were left in 
place. The bones were kept moist with a physiological 
saline solution prior to bone mineral content (BMC) 
determinations, and then wrapped in saline-soaked 
gauze, put into plastic bags, and frozen. Prior to tor- 
sion tests, the bones in the bags were put in a physio- 
logical sodium solution, +40 "C. After 3 hours the 
bones had a temperature of about +35 "C and were 
tested. After the torsion tests, a segment of approxi- 
mately 2 cm of the diaphyseal bone adjacent to the 
place of the nylon bands was processed for analysis of 
isotope incorporation. 

Bone mineral content 
Bone mineral content determinations were performed 
on intact bones, with the bands in situ. The whole 
femur was scanned transversely in 1 mm increments. 
The single photon bone mineral scanner (Nuclear 
Data, Uppsala, Sweden) used Iz5I as the radiation 
source. The section of the test bone with increased 
mineral content could be clearly delineated from a 
graph of the scan data (Figure 1). The ratio of the 
BMC values from this section and the corresponding 
control bone were calculated. 

Mechanical properties 
The cerclage bands were removed and the femurs were 
tested to final failure on inward twist at 10" per sec- 
ond. The tests were performed using a computerized 
test equipment with high precision (mean test error < 
0.9 percent), as described by Stromberg and Dalen 
(1976 a, b) and Liftman et al. (1980). All but 2 of the 
hormone-treated bones failed by a spiral fracture 
through the mid-segment with some intermediate frag- 
ments. The bones which fractured outside the mid-seg- 
ment were not excluded from the study. Maximum 
torque capacity (Nm), accumulated energy before final 
fracture (joule), and stiffness (Nm per degree) were 
recorded. 

45Ca and 3H-proline Incorporation 
Estimates of bone formation rates were made by meas- 
uring the incorporation in the femurs of 3H-proline, 
reflecting the synthesis of bone matrix, and 4SCa as a 
marker of the mineralization. Several samples were 

taken from the diaphyseal bone as close as possible to 
the site of the cerclage band, and from the corre- 
sponding part of the control bone. 

Samples were ashed in a muffle furnace at 600 "C 
for 24 h, weighed and dissolved in 0.6 M HCI about 
5mL/100 mg ash. To 0.5 mL samples were added 4 
mL ATC scintillation solution (New England 
Nuclear). The samples were counted for 45Ca in a 
Beckman LS 1702 liquid scintillation counter. The 
2-300 mg (wet weight) samples processed for 3H anal- 
ysis were demineralized in 20 mL 0.6 M HCI for 24 h, 
lyophilized and weighed. The organic residues were 
hydrolyzed in a mixture of perchloric acidhydrogen 
peroxide 1 :2, 1.5-3.0 mL at 70 "C for 1 h, followed by 
the addition of 1 mL of the hydrolysate to 15 mL of 
scintillation fluid containing toluoVcellusol 2: 1 and 6 
mg PPO (2,5-diphenyloxazole) per liter toluol, prior to 
counting. The 3H-proline and 45Ca activities were 
determined as the means of 2-3 samples and were cal- 
culated as CPM per mg dry weight or ash weight, 
respectively. The activity (percent of given dose/g ash 
or dry weight) of each of the 2 isotopes was calculated 
and given as a ratio of cerclage-treated to control. 

Statistics 
The ratios for cerclage-treated to control bones were 
calculated for the different parameters in each rabbit. 
The effects of the cerclage band were calculated using 
the two-tailed Wilcoxon rank sum test for paired sam- 
ples in the 4 groups. The groups of GH-treated and 
control animals were then compared at 4 and 8 weeks, 
using the Wilcoxon two-tailed rank sum test. Prior to 
testing, it was decided that P < 0.05 should be consid- 
ered significant. 

Results 
The mid-diaphysis of the cerclaged femurs displayed a 
7-8 percent increase in BMC in all groups (P < 0.05) 
compared to the control bone (Table 1). The increased 
BMC was localized within a well defined segment of 
the bone, corresponding to the band and its immediate 
surroundings (Figure 1). In most animals, ridges with 
increased BMC could be delineated at the proximal 
and distal margins of the band. The increase in BMC 
was consistent in all groups and the variations were 
small within the groups. 

Calcium and tritium isotope activities were 
increased by 58 and 42 percent, respectively, at 1 
month, and by 38 and 33 percent at 2 months (P < 
0.05). In contrast, the mechanical properties of the cer- 
clage-treated bones were not affected, compared to the 
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Table 1. Ratios (cerclage band-treated bone to the control) of bone mineral content and isotope 
activities. Mean, SD 

____ __ - ___ - - 
1 month 2 months 

~ _ _ _ _ _  
Saline GH Saline GH 

BMC 1.07 0.02 1.08 0.02 
46Caldum activity 1.58 0.69 1.50 0.37 
3H acthri 1.42 0.39 1.50 0.28 

1.08 0.02 1.09 0.02 
1.38 0.51 1.46 0.44 
1.33 0.29 1.44 0.33 

BMC g/m 
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Figure 1. Mineral content of femur diaphyses in 1 rabbit treated 
with recombinant human growth hormone for 4 weeks after the 
application of a plastic cerclage band to 1 femur diaphysis. The 
location of the center of the cerclage band is marked. The 
vertical lines delineate the area used for calculation of cerclage- 
treated (B) to control (0) sides. 

Table 2. Maximum torque capacity. Ratio of the cerclage 
band-treated bone to the control in each animal 

Mean 
SO 

1 month 

Saline GH 

1.07 1.38 
1 .o 1.30 
1.16 1.48 
1.40 1.11 
1.07 1.79 
1.36 1 .08 
1.07 1.16 
0.W 1.37 
0.70 0.73 
1.07 1.30 

2 months 

Saline GH 

1.08 1.27 
1 .o 1.42 
1.10 1.25 
1.01 0.88 
0.95 1.16 
1.07 1.41 
1 .o 1.27 
1.08 1.15 
1.28 1.11 
1.08 1.25 

1.09 1.27 1.12 1.22 
0.10 0.17 0.09 0.19 

contralateral side, although there was a tendency 
towards increased strength (Table 2). 

Effects of recombinant human growth hormone 
In GH-treated rabbits BMC was further elevated 1-2 
percent. This difference was not significant when the I 
and 2 month groups were analyzed separately. Uptake 
of the 2 isotopes was not affected by GH-treatment. 

The maximum torque capacity of the cerclage- 
treated bones was further increased by GH-treatment; 
at both timepoints the strength exceeded that of the 
control bones by approximately 25 percent (P < 
0.05). The stiffness of the cerclage-treated bones was 
affected in the same way as the torque capacity, but 
the difference was not significant. 

Discussion 

Maximum torque capacity was chosen to estimate the 
strength of the bones, since a change in the geometry 
of the bone has less influence on the torsional strength 
than on other commonly studied strength parameters; 
the torque is constant in every section of the twisted 
bone. This is especially important since the periosteal 
new bone induced by the nylon band was not homoge- 
neously distributed. In contrast, stiffness and accumu- 
lated energy are affected even by small variations in 
the bone geometry and are also dependent on a very 
firm fixation of the bone ends to the test machine. 
Thus, these parameters show a higher degree of varia- 
tion than the maximum torque capacity. 

Growth hormone is necessary for the normal devel- 
opment and growth of bone (Albrektsson-Wikland 
1986, Wilton and Gunnarsson 1988). It has also been 
reported to increase turnover of the skeleton in adult 
dogs, resulting in increased bone mass (Hams et al. 
1972, Mankin et al. 1978). Systemic administration of 
GH stimulates the proliferation of precursor cells of 
bone and enhances osteoblastic activity (Harris et al. 
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1972, Reddi and Sullivan 1980). Furthermore, GH has 
been reported to enhance the healing of fresh fractures 
(Bak et al. 1991) and fractures showing signs of 
delayed union or non-union (Ah1 and Kaltn 1979, 
Koskinen et al. 1979). In a previous study in adult rab- 
bits, we found no accelerating influence of GH on the 
recovery process in atrophied plated diaphyseal bones 
as BMC, cross-section geometry, or torsional strength 
(Liftman et al. 1988). However, GH increased the per- 
iosteal new bone formation in both atrophied tibias 
and in sham-operated bones, indicating an increased 
activity of the periosteum. These findings prompted 
the present investigation. 

Many species have a specificity for GH, but most 
mammals, including the rabbit, are sensitive to human 
growth hormone (Geschwind 1966, Posner et al. 1974, 
Hughes 1979, Hughes et al. 1983, Wittbjer et al. 1983, 
Skottner et al. 1984). The recommended clinical sys- 
temic dose for human GH in the treatment of short 
stature is 0.1 I.U. per kg body weight (Albrektsson- 
Wikland 1986, Wilton and Gunnarsson 1988). A simi- 
lar dose has been calculated for use in the rabbit 
(Wittbjer et al. 1983). In the present study, recombi- 
nant human growth hormone (Genotropin@) was effec- 
tive in doses of 0.3 I.U. per kg body weight. This prep- 
aration has been found to be equipotent to the human 
native GH (Crescormone@) previously used (Goodman 
1984, Skottner et al. 1984, Liftman et al. 1988). 

The mode of action of GH on bone-forming cells is 
not known in detail, but it is generally accepted that it 
is, at least in part, mediated through the somatomedin 
system (Isaksson et al. 1985, Trippel et al. 1986, Isaks- 
son et al. 1987). However, recent evidence suggests 
that GH may also directly affect the target cells (Isaks- 
son et al. 1982, Isaksson et al. 1985, Russell and Spen- 
cer 1985, Isaksson et al. 1987). Most of the accumu- 
lated knowledge about GH concerns the effects on the 
development and growth of bone in immature individ- 
uals, while less is known about the effects on the adult 
skeleton. Furthermore, animal and clinical investiga- 
tions into the effects of GH on the mature skeleton, 
and on fracture healing, have been contradictory. 
Some authors claim enhancing effects of GH on the 
healing of fractures exhibiting signs of delayed union 
(Ah1 and Kal6n 1979, Koskinen et al. 1979). increased 
callus formation (Zadek and Robinson 196 1) and bone 
strength in experimental fractures (Bak et al. 1991). 
while others have been unable to identify such effects 
(Harris et al. 1975, Lindholm et al. 1977, Northmore et 
al. 1980, Wittbjer et al. 1983). 

In the present study, GH did not further increase the 
BMC of the femur diaphyses induced by the plastic 
cerclage band. Likewise, no effects on the bone forma- 
tion rates could be detected. The latter finding may be 

due to the fact that the cerclage bands had become 
fixed to the diaphysis by newly-formed periosteal 
bone and thereby lost their ability to further stimulate 
the periosteum. The presence, due to the sampling 
method, of not newly-induced bone in the samples 
lessens the probability of detecting a very small differ- 
ence in metabolic rate and that could be another reason 
why none was found. But the similarity of the effects 
on matrix formation and mineralization indicates that 
the mineralization process was not affected by GH- 
treatment. 

The most prominent effect of the GH-treatment in 
the present study was the increased maximum torque 
capacity of the femurs; the slight increase in strength 
and stiffness observed in cerclage-treated rabbits was 
enhanced by about 15-20 percent in GH-treated 
rabbits. Most of the new bone was located on the peri- 
osteal surface of the diaphyses in the region where the 
diaphyseal bone normally fractures under torque. 
Since alterations in the bone geometry have a rela- 
tively great influence on structural properties, these 
factors can explain how the comparatively slight 
increase in bone mass gave a more pronounced 
increase in strength (Akeson et a]. 1976, Stromberg 
and Daltn 1976a, b, Liftman et al. 1980, Jonsson and 
Stromberg 1985). It has been shown that small varia- 
tions in bone mineral concentration can have profound 
effects on the strength of cortical bone (Currey 1969, 
1984). As we made no assessment of bone mineral 
concentration, but detected a tendency towards 
increased BMC in cerclage-treated femurs of GH- 
treated animals, we cannot rule out the possibility that 
the substantial effect of GH was mediated by an 
increase in mineral concentration. However, in view of 
the more pronounced increase in BMC by the cerclage 
treatment itself, we regard that as unlikely. 
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