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Abstract 

The purpose of this study was to prepare and evaluate a composite, GTF, combining tricalcium phosphate (TCP) ceramic 
particles and formaldehyde cross-linked gelatin, as bone substitute. The content of formaldehyde in the developed material was 
used to control the physical and mechanical properties of the gelatin structure, in terms of cross-linked gelatin molecules, 
solubility, and biodegradation of the reconstituted matrices. Formaldehyde, however, is known to be a potentially toxic substance 
that would cause inflammation and severe tissue response. Thus, it is necessary to know whether the substances released from the 
GTF composite will cause severe tissue response. In this study, the biocompatibility and cytotoxicity of the GTF composite were 
examined by the in vitro method of human myoblast cell culture. Extracts were obtained by soaking the GTF composite in normal 
saline for 1, 2, 4, 6, and 8 days. The extract mixed with complete medium in a ratio of 1:l was added to cell culture wells each 
containing 1 x lo5 myoblasts. After being cultured for 2 days, the cells were trypsinized and counted in a Neubauer counting- 
chamber under an optical microscope. The culture dishes were washed with 0.185 M sodium cacodylate buffer (pH 7.2) and fixed 
with 4% glutaraldehyde solution for 30 min. They were then dehydrated through a graded ethanol series and stained with 
hematoxylin/eosin for optical microscopic examination. The substances released from the GTF composite were analyzed by gas 
chromatography (GC), capillary electrophoresis (CE), and inductive coupled plasma-atomic emission spectrometry (ICP-AES). 

The results showed that the GTF composite was well tolerated by the myoblast. The unchained or uncross-linked formaldehyde 
was completely released from the GTF composites after being soaked in the normal saline for 4 days. The extract was thought 
to inhibit the cell growth for the initial 4 days of soaking time. After soaking for 4-6 days, the GTF composite gradually began 
to release some nutritious elements which were beneficial to the myoblast growth and caused cell numbers to increase 
substantially. The released nutritious constituents were analyzed by the above-mentioned instruments. The results were in 
agreement with the above observations. 
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1. Introduction 

Bone tissue damage, caused by trauma, tumor and 
infection, creates bone defects of various shapes and 
sizes which must be filled with a suitable substance to 
accelerate healing or enable them to heal at all. The 
function of a refilled biomaterial is to lead to both 
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migration of bone cells toward and inside the biomate- 
rial and the production of these induced cells to replace 
the implant and return the cavity to natural bone [l-3]. 

Since infection phenomena and the risk of viral trans- 
mission are frequent problems, transplantation of living 
tissue by means of allogenic or xenogenic grafts repre- 
sents only a minor part of reconstructive surgery. Re- 
moval of the autogenic tissue creates additional surgical 
trauma, which also limits its medical application [3-61. 
To overcome these problems of natural grafts, research 
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on bone-substitute materials has been developed. How- 
ever, the biocompatibility and mechanical stresses of 
synthetic materials have strictly limited the success of 
any artificial biomaterials [ 7,8]. 

Clinically, bioceramics, such as HA, tricalcium phos- 
phate (TCP) and bioglass, have been tried for use as 
bone implants. The use of these bioactive ceramics for 
defect filler was in powder and block forms. Although 
powder ceramics remain the form of choice for filling 
small irregular defects, the therapeutic effect of the 
filling implant was lost by migration of particles from 
the defect site. Furthermore, it was too difficult to 
handle and keep in place compactly for convenient 
fabrication and operation of block-type ceramics [9- 
111. Thus, it is necessary to mix a suitable binder with 
the granular material to overcome these problems. Re- 
cently, composites of ceramic powders with natural 
degradable polymers have attracted much interest as a 
bone filler [ 12-151. Fibrin, collagen and gelatin are 
generally considered as binders, as they have good 
adhesiveness and plasticity properties. In this study, a 
composite, GTF, combining formaldehyde cross-linked 
gelatin and TCP, was designed as a bone substitute. 
The weight ratio of TCP and formaldehyde cross-linked 
gelatin in the composite was 311, which was equivalent 
to that of human natural bone. In the composite, the 
formaldehyde cross-linked gelatin and TCP served as a 
continuous matrix (binding agent) and discontinuous 
particles, respectively. The presence of gelatin in the 
GTF composites serves two purposes [ 16,171: it immo- 
bilizes the TCP p,articles and it improves the mechanical 
properties. While this composite does not form in vivo, 
it is resorbable. The gelatin matrix is resorbed, allowing 
for new bone intergrowth around the TCP particles. 
The TCP particles are also resorbable, but the resorp- 
tion rate of these particles is much slower than that of 
the gelatin matrix, and is controlled by cellular and 
solution-driven processes. Gelatin is easily resorbable in 
vivo, the cross-linking agents (formaldehyde) being 
added to prolong its stay in the living tissue and 
improve the mechanical properties of the composite 
[ 18-221. 

Therefore, a mixture of TCP powder and gelatin 
treated with formaldehyde solution was prepared, and 
its possible use as a bone defect filler was evaluated. 
Although the formaldehyde cross-linked GTF com- 
posite reduces resorption and limits antigenicity of col- 
lagenous and noncollagenous proteins, and renders the 
materials less susceptible to bacterial and fungal inva- 
sion or destruction, the adverse effects of residual 
formaldehyde have to be considered and led to the 
present study. The study was focussed on the cytotoxic 
evaluation of the GTF composite. Human myoblast 
was prepared and cultured for testing the cytotoxicity 
of the GTF composite. The results obtained were in 
terms of formaldehyde release, gelatin concentration, 

calcium concentration, myoblast counting, and mor- 
phological or functional changes of the myoblast. 

2. Materials and methods 

2.1. Material preparation 

The TCP powder was provided by Ishizu Pharmaceu- 
tical Co., Ltd., Japan, with a chemical formula of 
Ca,(PO,),. The ceramic powder was placed in a plat- 
inum crucible and sintered in a Sic-element furnace at 
a temperature of 1000 “C for 1 h, and then cooled down 
to room temperature. The sintered ceramic powder was 
crushed in an alumina grinding bowl and sieved in 
40-60 mesh. The ,TCP ceramic particles were obtained 
for material preparation. The crystal structure of the 
TCP particles was in agreement with that of whitlockite 
(mineral name ,of TCP), and no other peaks appeared 
in the X-ray diffraction (XRD) pattern. 

The gelatin used in the study was produced by Wako 
Pure Chemical Industries, Ltd., and was extracted from 
bovine skin with an average molecular weight of about 
18 000. The gelatin powder was weighed and placed in 
a 1000 cm3 beaker which was then put into a water bath 
with a temperature of 75 “C. The gelatin solution was 
stirred and dissolved in the distilled water until a homo- 
geneous 16.7% gelatin solution was attained. The sin- 
tered TCP ceramic particles were poured in and mixed 
with the gelatin solution, and stirred continuously at 
the same temperature all the time, in order to achieve a 
better distribution of ceramic particles in the gelatin 
matrix. A series of formaldehyde solutions in different 
concentrations were added to the ceramic/gelatin mix- 
ture for gelatin matrix cross-linking. After 15 min the 
mixtures were assumed to be cross-linked completely 
and the cylinder of composite bone filler was prepared 
for later experiment. 

2.2. Preparation of extracts from GTF composite 

The GTF composite was shaped into a cylindrical 
specimen 5 mm in diameter and 0.2 g in weight. Each 
GTF composite was placed in a capped plastic test tube 
with 20 ml normal saline inside. All the test tubes with 
GTF composite and 20 ml normal saline were kept in an 
incubator at a temperature of 37 “C [19,20]. After 
soaking for 1, 2, 4, 6, and 8 days, the extracts were 
collected for use in cell culture, gas chromatography 
(GC), capillary electrophoresis (CE), and inductive cou- 
pled plasma-atomic emission spectrometry (ICP-AES). 

2.3. Analysis of extracts from GTF composite 

It is important to measure the content of possible 
constituents in extracts, which were released from the 
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series of GTF composites soaked in the normal saline 
for a period of time. In this study, the calcium content 
in individual extracts was determined by ICP-AES, and 
the gelatin concentration was measured by CE. 

Gas chromatography (GC) was used to detect the 
amount of uncross-linked or unchained formaldehyde 
in the series of GTF composites. Two 111 of extract 
from a GTF composite were injected into a 6 inch 
stainless steel column packed with 50180 mesh Supelco- 
port-Porapak N obtained from Supelco, Inc. The he- 
lium carrier gas was set at 35, the oven temperature was 
110 “C, the injection temperature and the flame de- 
tector temperature were 170 “C. A pure formaldehyde 
solution containing 37% formaldehyde was used as a 
standard, and this solution was diluted with distilled 
water to prepare a series of standard formaldehyde 
solutions in the concentrations of 16, 12, 8, 4, 2, 1 and 
0.5%. Two 1.11 of the series of formaldehyde solutions 
were injected into the instruments to get the calibration 
curve. 

2.4. Testing of cytotoxicity of extracts from GTF 
composite 

The purpose of the testing was to examine the possi- 
ble influences of GTF extracts on the growth and 
morphological transformation of human myoblast. The 
extracts for use in cell cultures were sterilized by filtra- 
tion through 0.2 pm millipore filters and added to cell 
cultures. 

Human myoblasts collected from National Taiwan 
University Hospital were grown in 24 Linbro well 
plates or Petri dishes (4 cm in diameter) in Eagle’s 
minimum essential medium (MEM), supplemented with 
10% fetal calf serum and 1% antibiotics. Cell cultures 
were maintained in a humidified atmosphere with 5% 
CO2 at a temperature of 37 “C. The myoblasts were 
placed in six-welled tissue culture plates (1 x 10’ cells 
per well) in complete medium and incubated for 24 h as 
described. At 24 h, the medium was replaced and 
extracts from the series of GTF composites were added 
in a ratio of l:l, giving a final extract concentration of 
50% [19,23]. In the control group, the normal saline 
was mixed with complete medium in a ratio of 1:l for 
cell culture. After being cultured for 2 days, the 
medium was removed and the cells were washed twice 
with phosphate buffer solution (PBS). The cells were 
trypsinized, resuspended, and then 1 ml trypan blue was 
added to make sure the cells were still living. They were 
counted in a Neubauer counting-chamber under an 
optical microscope [24]. 

For morphological observation, the medium was re- 
moved from the culture dishes. The culture dishes were 
washed with 0.185 M sodium cacodylate buffer (pH 
7.2) and fixed with 4% glutaraldehyde solution for 30 
min. They were dehydrated through a graded ethanol 

series and stained with hematoxylin/eosin for optical 
microscopic examination [23-251, 

3. Results and discussion 

3.1. The residual fonwddehyde in the GTF composites 

Fig. 1 shows the formaldehyde concentration in the 
extracts after the series of GTF composites had been 
soaked in the normal saline for 1, 2, 4, 6, and 8 days, 
respectively. The curves in Fig. 1 could be divided into 
two groups. The first group was a low formaldehyde 
concentration group in a range of approx. 2-6 ug ml-’ 
of formaldehyde in the extracts, which were released by 
the GTF composites cross-linked with 1, 2, 4 and 8% of 
formaldehyde. The second group was regarded as a 
high formaldehyde concentration group, with a concen- 
tration of formaldehyde about 4 1tg ml-’ (2-10 ug 
ml-‘) higher than that in the extracts of the first group, 
which came from the GTF composites cross-linked with 
12 and 16% of formaldehyde. All the curves in Fig. 1 
demonstrate a common tendency, whereby the residual 
formaldehyde released from the various GTF com- 
posites reached a plateau after a 4-day soaking period. 
The tendency reflected the fact that the residual or 
uncross-linked formaldehyde in the GTF composites 
would be completely released after the composites had 
been soaked in the normal saline for 4 days. 

The curves corresponding to the low formaldehyde 
concentration group show no significant difference in 
formaldehyde concentration in the extracts. However, 
the curves corresponding to the high formaldehyde 
concentration group exhibit an apparent difference in 
formaldehyde concentration in the extracts, the 12% 
formaldehyde cross-linked GTF composite always 
showing less formaldehyde released than that of the 
16% formaldehyde cross-linked GTF composite, during 
the soaking periods. Two points could be summarized 
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Fig. 1. The formaldehyde concentration in the extracts after the series 
of GTF composites were soaked in the normal saline for 1, 2, 4, 6, 
and 8 days, respectively. 
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from the above-mentioned scenario: (1) the formalde- 
hyde cross-linking agent added to the GTF composite 
should be lower than 8% in order to prevent the 
unchained formaldehyde leaking out from the GTF 
composite; (2) the formaldehyde cross-linked GTF 
composites should be soaked in the normal saline for at 
least 4 days before being prepared for cell culture 
evaluation, in order to guarantee their non-toxicity. 

3.2. The effects of GTF extracts on myoblast cell 
culture 

The main purpose of the study was to evaluate the 
toxicity of the GTF composites. The human myoblasts 
were prepared for evaluation of the series of GTF 
composites and the blank normal saline was used as a 
control group. Fig. 2 shows the relationship between 
cell number and extractive periods after the series of 
GTF composite extracts cocultured with 1 x lo5 human 
myoblasts in a cultural well for 2 days [24-261. The cell 
number decreased with the extractive period in the 
initial four days, and thereafter increased. In addition, 
the cell numbers with 6- and &day extractive periods 
were higher than those of the control group where the 
1 x lo5 human myoblasts cocultured with blank normal 
saline instead of GTF composite extract. The myoblasts 
were increasing up to approx. 2.5-fold (2.5 x 105) of the 
original amount (1 x 105) after coculturing with blank 
normal saline for two days. The curve representing 4% 
formaldehyde cross-linked GTF composite, for in- 
stance, initially decreased with the extractive time, and 
then began to increase after an extractive time of over 
4 days. The cell number was greater than that of the 
control group, which was almost constant at approx. 
2.5 x 105, after being cultured for 2 days. 

As described in the previous section, the residual or 
unchained formaldehyde of the GTF composite was 
completely released after soaking in normal saline for 4 
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Fig. 2. The relationship between cell number and extractive periods 
after the series of GTF composite extracts cocultured with 1 x 10’ 
human myoblasts for 2 days. 

days. Formaldehyde has long been criticized for its 
toxicity in living tissue [ 18,191. The authors considered 
that the growths of myoblasts were inhibited by the 
residual or unchained formaldehyde, which remained 
during the initial 4 days after extraction, and this is 
reflected in Fig. 2. Also in Fig. 2, however, the my- 
oblasts show a progressive growth after coculturing 
with extracts soaked for over 4 days. It is possible that 
the GTF composites might release some nutritious con- 
stituents after soaking in normal saline for over 4 days. 
The nutritious constituents might be beneficial to the 
growth of human myoblast. 

The presence of gelatin in the GTF composites serves 
a two-fold purpose [ 16,171: it immobilizes the TCP 
particles and it improves the mechanical properties. 
While this composite does not survive long-term in the 
physiological environment, it is resorbable. The gelatin 
matrix is resorbed, allowing for new bone intergrowth 
around the TCP particles [ 16-191. The TCP particles 
are also resorbable, but the resorption rate of these 
particles is much slower than that of the gelatin matrix. 
It is controlled by cellular and solution-driven pro- 
cesses. As we learned from the main ingredients of the 
GTF composites, the possible constituents released 
from the GTF (except for formaldehyde) were gelatin, 
calcium ions, and phosphorus ions. 

3.3. The gelatin molecules released from the GTF 
composites and their efects on the growth of human 
myoblast 

Fig. 3 shows the concentration of gelatin molecules in 
the extracts of the series of GTF composites soaked in 
the normal saline. All the curves in Fig. 3 demonstrate 
a low gelatin concentration in the extracts, in the initial 
four days. After the series of GTF composites were 
soaked in the normal saline for 4-6 days, the gelatin 
concentration in the extracts rapidly increased, averag- 
ing from 0.1 mg ml-’ to 0.6 mg ml-‘, respectively. After 
the series of GTF composites had been soaked for over 
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Fig. 3. The gelatin concentration in the extracts of the series of GTF 
composites soaked in the normal saline for a period of time. 
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6 days, the gelatin concentration in the extracts basically 
reached a constant value of approx. 0.6-0.75 mg ml-‘. 

The results of the gelatin concentration in the extracts 
implied a relationship between the gelatin release rate 
and the soaking time of the series of GTF composites. 
The gelatin showed a slow release rate in the initial 4 
days because it was well cross-linked by the formalde- 
hyde. The unchained gelatin was then gradually released 
from the series of GTF composites, after the latter had 
tieen soaked for 4-6 days. The gelatin concentration in 
the extracts, theoretically, should increase with the soak- 
ing time. The curves in Fig. 3, however, turn into a 
plateau, which indicates that the gelatin concentration 
was maintained at a constant level. Although gelatin was 
continuously released from the GTF composite, the 
gelatin molecules in the extract would be further decom- 
posed into peptides or small amino acid molecules 
[20-22,271. The new, unchained gelatin was released 
from the extracts, but the old gelatin molecules decom- 
posed in the extracts, thereby keeping the gelatin concen- 
tration in the extracts at a constant value. 

The gelatin concentration in the extracts was in the 
range of 0.05 mg ml-i-O.8 mg ml-‘. What would be 
the effect of gelatin concentration on the growth of 
human myoblast? Would it be promoted or inhibited? 
The authors prepared a series of gelatin solutions in 
different concentrations of 0 mg ml-‘- 1 mg ml-‘, with 
0.2 mg ml-’ increment. The gelatin solutions were 
cocultured with 1 x lo5 human myoblasts in a cultural 
well for 2 days, and then their cell number and cell 
morphology were examined. The results indicated that 
cell number increased in response to the gelatin concen- 
tration, as shown in Fig. 4. Fig. 5(a) and 5(b) show the 
morphology of the human myoblast cocultured with 
gelatin concentrations of 0 mg ml-’ and 0.8 mg ml-‘, 
respectively. There was no significant difference in the 
morphology of human myoblast observed under the 
optical microscope. The results showed that (1) the 
gelatin would promote the growth of the myoblast and 
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Fig. 4. The effect of gelatin concentration on human myoblast growth 
after gelatin solutions in different concentrations cocultured with 
1 x 10s human myoblasts for 2 days. 
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Fig. 5. The morphology of the human myoblast cocultured with 
gelatin concentrations of: (a) 0 mg ml-‘, and (b) 0.8 mg ml-’ 
observed under the optical microscope. 

could be regarded as one of the nutritious elements 
favorable to myoblast growth; (2) a gelatin concentra- 
tion of less than 1 mg ml-’ in the extracts would not 
induce the morphological transformation of the human 
myoblast. 

The results in this section were coincident with that 
of Section 3.2. The cell number for the cocultured GTF 
extracts increased significantly after the series of GTF 
composites were soaked in the normal saline for over 4 
days, which was in agreement with the release of 
formaldehyde and gelatin from the GTF composites. 

3.4. The calcium ion yeleased fi-om the GTF composites 
and its efects on the growth of humnr~ tryoblnst 

The measurement of calcium content in the extracts 
was achieved by ICP-AES. In the process of bone 
defect healing, the calcium ions play an important role. 
Calcium ion is a required element in the ensuing ossifi- 
cation process because it is needed to reconstitute the 
mineral structure of regenerating bone [2,7], This is one 
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Fig. 6. The relationship between the calcium content in the extracts 
and the soaking periods of the GTF composites in the normal saline. 

of the reasons why we measured the calcium content in 
the extracts released from the developed material. Fig. 6 
shows the connection between the calcium content in 
the extracts and the soaking periods of GTF composite 
in normal saline. The curves in Fig. 6 demonstrate that 
the calcium content in the extracts increased with the 
soaking periods of the GTF composites. We can ob- 
serve from Fig. 6 that all the curves are very close in 
calcium content at each time period. This fact indicated 
that the calcium content in the extract released from the 
series of GTF composites had nothing to do with the 
concentration of formaldehyde, the cross-linking agent 
for GTF composite. When the series of GTF com- 
posites were soaked in the normal saline for 2 days, the 
calcium content in the extracts was approx. 3 pm 
ml-l-5 pg ml-‘. After the series of GTF composites 
had soaked for over 4 days, the calcium content in the 
extracts was progressively increasing with the soaking 
period of the GTF composites. The authors speculated 
that the calcium ions’ presence in the extracts was due 
to the TCP particles dissolving in the normal saline. In 
the initial 2 days, the calcium ions in the extracts were 
attributed to the TCP particles dissolving in the solu- 
tion. The dissolving TCP particles were thought to be 
on the free surface of the GTF composites and exposed 
to the normal saline. After the GTF composites had 
soaked in the normal saline for over 4 days, the gelatin 
decomposed and was released from the GTF com- 
posites as described in the previous discussion, which 
would lead to more TCP particles coming into contact 
with the solution. The unchained gelatin molecules were 
gradually released from the GTF composite, and then 
TCP particles kept being exposed/dissolved in the solu- 
tion, which would explain the constantly increasing 
calcium content in the extracts. 

It has been progressively revealed that minor or trace 
elements in a biological cell play important roles in 
various biological processes including metabolism, cell 
growth, gene expression, and cancer growth [24,25,28]. 
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Fig. 7. The effect of calcium content in the solution on human 
myoblast growth after coculturing for 2 days. 

The same question should be posed: what would be the 
effects of calcium content in the extracts on morpholog- 
ical and functional changes of the myoblast? The au- 
thors prepared a series of solutions with a difference in 
calcium content in a range of O-20 pg ml-‘, and then 
cocultured them with the 1 x 10’ myoblasts for 2 days. 
The results, as shown in Fig. 7, revealed that the 
cell numbers increased with the calcium content and the 
control group (solution without calcium or 0 I-18 ml-‘) 
had the lowest value. It is possible that the calcium ion 
in the extracts would be beneficial to the growth of the 
myoblast. Fig. 8(a) shows the morphology of myoblast 
colcultured with the solution of 10 pg ml-’ calcium 
content for 1 day. The myoblasts proliferated to conflu- 
ence and progressive fusion, to form a large multinucle- 
ate myocell. However, the myoblast cocultured with the 
control solution just attached to the well ground and 
there is no sign of a fllsion process having occurred (Fig. 
8(b)). It is easily seen in the cell growing in solution with 
10 pg ml-’ calcium content for 2 days (Fig. 9(a)). The 
myoblasts were progressively fused together and form a 
group of parallel myofibril as a scaled-down model of 
the myofibrilla. On the other hand, the morphology of 
the cell cocultured with the control solution showed only 
a few multinucleated cells (fusion) sporadically spread- 
ing around the cultural dish (Fig. 9(b)). There is no 
fibril-like structure to be observed under the optical 
microscopic examination. 

Muscle cells have been useful for studies of cellular 
differentiation, since morphological and functional 
changes occurring during myogenesis were well charac- 
terized and could be observed in tissue culture [27,28]. 
Differentiation of the L8 rat skeleton muscle line was 
marked by myoblast proliferation to confluence, fol- 
lowed by progressive fusion to large multinucleate syn- 
cytia, which synthesize muscle-specific proteins and 
contract spontaneously [28,29]. Although the sequence 
of functional changes was well defined, the triggering 
events and control mechanisms underlying the transi- 
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Fig. 8. The morphology of human myoblast cocultured with a 
solution of: (a) 10 pg ml-‘, and (b) 0 pg ml-’ calcium content for 1 
day. MN: multinucleate myoblast, PF: progressive fusion. 

tion from relatively undifferentiated myoblast to spe- 
cialized muscle cell were poorly understood. Knudsen et 
al. [25] had reported that mature skeleton muscle cells 
were distinguished by being multinucleate, a state re- 
sulting from the fusion of myoblasts and occurring only 
in the presence of physiological concentrations of extra- 
cellular Ca2+. In this experiment, the calcium ion might 
be beneficial to the growth of the myoblast and would 
promote premature growth of the latter, thereby encour- 
aging cell fusion or early development of the fibrilla 
structure. 

Finally, we could observe the myoblasts cocultured 
with the extracts of 4% formaldehyde cross-linked GTF 
composite for 2 days (Fig. 10(a)). The myoblasts are 
well-attached, confluent, and fused in parallel with each 
other like small sized muscle fiber. The myoblast cul- 
tured with the normal medium, with 10% fetus and 
antibiotics added, is shown in (Fig. 10(b)). Although the 
cell also shows a well-attached condition, there is no 
fibrous structure to be seen and fusion is only in an 

50um 
0) 

Fig. 9. The morphology of human myoblast cocultured with a solution 
of: (a) 10 pg ml-‘, and (b) 0 ltg ml-’ calcium content for 2 days. SF: 
sporadic fusion, PM: parallel myofibril-like structure. 

initial stage [26,30]. The observation supports the view 
that the GTF composite would not inhibit the myoblast 
growth and would not cause morphological transforma- 
tion. 

4. Conclusions 

The developed GTF composites cross-linked with 
formaldehyde in a concentration lower than 8% showed 
no toxicity to the human myoblast. They also did not 
change the morphology or functions of the myoblast. 
The unchained or uncross-linked formaldehyde in the 
series of GTF composites would be completely released 
after soaking in the normal saline for 4 days. Cell 
numbers in the myoblasts cocultured with extracts were 
lower than in those of the control group in the initial 
4-day soaking period. However, the cell numbers rapidly 
increased and outnumbered those of the control group 
after the myoblasts cocultured with the extracts of GTF 
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Fig. 10. (a) The morphology of the human myoblast cocultured with 
the 6-day extract of 4% formaldehyde cross-linked GTF composite 
for 2 days. (b) The morphology of the human myoblast cocultured 
with the normal medium, with 10% fetus and antibiotics added, for 2 
days. 

composi te  soaked for over 4 - 6  days. The authors  specu- 
lated that  the myoblas t  growth  was initially inhibited by 
the unchained formaldehyde released f rom the G T F  
composite.  After  extracts o f  the G T F  composi te  were 
soaked in normal  saline for  4 - 6  days, calcium ions and 
gelatin were gradually released f rom the G T F  composi te  
and were beneficial to the growth of  the myoblast .  The 
G T F  composi te  is thought  to be an excellent bioab- 
sorbed bone graft  and has a great  potential  for  or thope-  
dic applications. 
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