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Biodegradable Inorganic-Organic Composite
Artiticial Bone Substitute

-Part 2. Collagen purification and its physical and biological propertjes-

Hwal Suh

=Abstract=

To develop an artificial bone substitute that is gradually degraded and replaced by the regenerated
natural bone, the authors designed a composite that is consisted of calcium phosphate and collagen.
To use as the structural matrix of the composite, collagen was purified from human umbilical cord.
The obtained collagen was treated by pepsin to remove telopeptides, and finally, the immune-free atel-
ocollagen was produced: The cross linked atelocollagen was highly resistant to the collagenase induced
collagenolysis. The cross linked collagen demonstrated an improved tensile strength.
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INTRODUCTION

To restore bone defects oriented from either extrinsic or
intrinsic factors, an artificial bone substitute was designed
as an inorganic-organic composite that would be gradually
degraded and replaced by natural bone after implantation.
The composite consists of calcium phosphate, especially a
carbonate apatite that comprises about 80% of the bone
apatite, and type I collagen according to the main compos-
itions of the natural bone. A carbonate apatite with similar
crystallinity to the natural bone could be obtained and
would be used as inorganic component of the composite as
the authors’ previous paper",

Type 1 collagen is the main organic component of bone
that comprises about 23~-25% in spongedus bone and 30
% in cortical bone in volume as protein”.

Recently, demineralized bovine bone is widely used as
bone substitute in practice with expecting that the regener-
ating osteoblasts adhere to the demineralized bone, which

mainly consists of collagen structural matrix. It also con-
tains bone growth factor known as the bone morphogenic
protein”. This demineralized bone collagen demonstrates
some advantages in clinics, for its spongeous matrix absor-
bs physiological stresses. Otherwise, the loss of inorganics
in the collagen may decreases the compressive strength re-
ciprocation. Its less stress resistant characteristics often
produces postoperative deformities also?.

Collagen is a natural protein, which acts as the interwin-
ing fibrous network in whole tissues of the vertebrates as
the structural componenet of the body. Cells are living
with being contact to collagen fibers, for it is an extracellul-
ar matrix and obtains cell adhesive property. Collagen dem-
onstrates highly sensitive immunity by the telopeptides
which exist at the both extremities of the molecule, while
the immunity disappears by removing the telopeptides. The
telopeptide-free collagen is called as an atelocollagen that
has been known as immune-free.

To use a collagen as a bone substifute matrix, the aut-
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Fig. 1. Human umbilical cord fragments

hors extracted collagen from human umbilical cord, for the
embryogenic collagen is less immunogenic”. In this study,
qualification of the extracted collagen from human umbili-

cal cord and its physical properties were investigated.

MATERIALS AND METHODS
1) Preparation of collagen

Human umbilical cord fragments were suspended in 75
% ethanol at 4 C, 24 hours, and the fragments were was-
hed by distilled water for 24 hours at 4 *C (Fig. 1).

The fragments were ground in a homogenizer and plac-
ed in a 0.5M sodium acetate solution with or without
EDTA at 4C for 16 hours. The wet precipitate was sus-
pended in a 0.5M acetate solution. 3mg of Pepsin (1:10
000, 520unit/mg, P-7000, Sigma Co., St. Louis, MO, U.S.
A.) was added to every 10ml of the solution and stored at
4 for 16 hours and cetrifugation was performed at 27
000 x g.

The precipitate obtained from centrifugation was placed
in 1.0M NaCl solution for one day. Centrifugation was fol-
lowed, and the precipitate was dissolved in 2M NaCl con-
taining 0.05M Tris buffer solution. The solution was cen-
trifuged again, and the supernatant was mixed with 4.5M
NaCl and controlled to pH 7.5 £ 0.1. After centrifugation,
the precipitate was dissolved in 0.1N acetate contained 0.
™ Na(l solution at pH 7.5 + 0.1 for one day. The sol-

Human Umbilical Cord Fragments

0.5 M Sodium Acetate & Acetate sol.
1560 unit Pepsin / 10 ml sol.
Centrifugation (27,000 x g)

1.0 M Nacl
0.05 M Tris + 2.0 M Nacl -

0.1 N Acetate + 0.7 M Nacl

/

Centrifugation

1

Type 1 Atelocollagen

Fig. 2. Collagen purification process

ution was centrifuged, and the obtained precipitate was
Type I atelocollagen (Fig. 2). All the procedures were per-
formed at 4 C. After the extraction procedure, the collag-
en precipitates were lyophilized at -40C and -70 C, and
reserved for the further use.

2) Strength enhancement by cross linking

1%, 2%, 3%, 4% and 5% Type I atelocollagen sol-
ution was prepared by disolving in 0.001N HCI soltuion at
4 and buffered by 0.05M NaOH to pH 7.4. The atelocol-
lagen solution was placed into an order made glass mold
of 0.25(height) x 10 (width) x 50 (length) mm. One exper-
imental group was treated by 0.5%, 1%, 5%, 10 %, 20 %,
30% glutaraldehyde solution, while another group was ir-
radiated by an ultraviolet ray with 254 nm wave length for
15, 30, 60 minutes, 2, 4 and 8 hours. Each group consisted
of 4 specimens

After drying at 25°C for 2 days, tensile strengths of the
cross linked atelocollagen sheets were compared with a
non-cross linked collagen sheet by a tensile strength meas-
uring device INSTRON Model 8511, Instron Corp., MA,
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Specimen 1 ml

adding each 1 mil of
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0.01M CuS04
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ice cooling
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heating (80 OC, for 5 min)
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UV - Spectrophotometry (at S60 um)

Neuman and Logan's Hyp Assay Method

Fig. 3. Neuman and Logan's hydroxyproline assay process

US.A.). The sample was extended to break at a constant
extension rate of 10mm/min, The data were analyzed stat-
istically using an analysis of variance (ANOVA) with mul-
tiple comparisons by a two-way analysis.

3) Collagenolysis

To investigate the collagenolysis rate of the cross linked
collagen, Neuman and Logan’s method of hydroxyproline

assay was appplied. 1 wt% solution of human umbilical

cord origin type I collagen was used. Cross linked collag- '

ens by 0.5%, 1, 5, 10, 20, 30% glutaraldehyde, and by
UV ray irradiation for 15, 30, 60 minutes, 2, 4, 8 hours
were testified. Each group consisted of 4 specimens. Bovine
skin origin type I collagen(C 3511, Sigma Chemical Co.,
St. Louis, MO, U.S.A.) was the control specimen. 2ml of
the solution specimens were placed into a 10 ml of 0.05N
H:NC(CH:20H): [tris (hydroxymethyl) aminomethane] con-
taining 2ml of collagenase (C 0130, Sigma Chemical Co.,
St. Louis, MO, US.A.) controlled to 10, 20, 30, 40, 50
unit/ml in an experimental glass tube. After incubation at
377 for 5, 10, 15, 30, 60min, 1 ml of ethanol was added

Fig. 4. Collagen matrix obtained from human umbilical cord
by a SEM '

A: lyophilized at -40 ¢ (x 100)

B : lyophilized at -70 1 (X 100)

to stop the collagenase digestion activity. 1 ml of the super-
natant was obtained as a specimen, and mixed with 0.2 ml
of 6N HCI and hydrolyzed in a dry constant temperature
oven at 110 °C for 24 hours. The incubated liquid speci-
men containing derived hydroxyproline from the collag-
enase digested collagen solution was analyzed by an UV
spectrophotometer (UV-150-02, Shimadzu Co., Tokyo, Jap-
an) at 560 um, and selected a 20 ug/ml hydroxyproline as a
standard reagent (Fig. 3).

RESULTS AND DISCUSSION

The method used in this study to extract Type I collagen
is a modification from the method applied by Niyibizi et
al.,? and the purity is over than 99.8 % as the author’s pre-
vious report”. Lyophilization of the extracted collagen is
an efficient storage method to keep the biochemical prop-
erties of the collagen. The extracted and lyophilized collag-
en at -40 C was coarser than the -70 C specimen without
significant difference in the collagen property (Fig. 4).

Collagen is the most abundant protein in mammalians
that consists about 30% of all body proteins. More than
ten types have been isolated from type I to XI. Collagen
consists of fibrillar proteins. Three polypeptide chains(x
-chains) associate to form a collagen molecule that builds
up a fibrillar unit. An o-chain contains about 1 000 amino

acids with approximately 3 000 A of length. Molecular
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Fig. 5. Tensile strength of the glutaraldehyde treated collag-
ens

weight of collagen is about 360 000, so the weight of an «
~chain is about 120 000. At least 10 genetically distinct
chains are introduced with differing in the composition
and sequence of their amino acids. But their configurations
are same, and glycine (Gly) occupies every third position in
the amino acid sequence. An o-chain is a helical confor-
mation of the amino acids. About 96 % of the chain length
is helical, and non-helical teldpeptides are existing at both
of the amino- and carboxyl- termini. These telopeptides
are integrated each other to form a linear chain, and anti-
genic characteristics appear at these. The combination of 3
a-chains determines the type of the collagen molecule.

Collagen is degraded by proteolytic attack of collagenas-
¢, which breaks only the helical domains of the chains.
Then smaller fragments become susceptible to proteolysis
by other proteases, and the resulting fragments are re-
solved by phagocytosis. Collagenase is produced by fibro-
blast, polymorphonucleic lymphocyte (PMNL) and macrop-
hage.

Collagen is an extracellular matrix, that is mainly prod-
uced and released by fibroblasts, and it provides favorable
environment for cell adhesion and growth. When pepsin is
applied to collagen, it breaks the telopeptide to dissociate
the a-chain. The telopeptide -free collagen is called as an
atelocollagen, which is known as antigenecity-free but keep-
s the other collagen characteristics.

These properties have leaded many challenges to use col-

lagen as biomaterials. In cell culture, collagen is used as an
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Fig. 6. Tensile strength of the UV ray irradiated collagens

additive medium to where cells adhere and grow in en-
vironment similar to nature by usually coating on the cul-
ture dish. Such a cell adhesive charactetistics is also ap-
plied to use collagen as hemostatic agent. Platelet adhesion
to collagen accelerates blood clot formation, and the readi-
ly supplied fibrous network of the collagen reduces the nat-
ural clotting time. Some investigators suggested that a col-
lagen coated artificial vessel graft is favorable to induce
endothelial cell proliferation and adhesion, for which can
enhance antithrombogenecity of an artificial vessel. Arti-
ficial skin is also a field where collagen matrix plays im-
portant roles. The epithelial cells cultured on collagen mat-
rix or sheet is protecting the woundtothe air, and thecol-
lagen is gradually degraded and replaced by natural skin*”.

In this study, type I atelocollagen was used as a biod-
egradable and natural tissue replacable matrix which would
bind the inorganic substances and be periodically de-
graded during the regenerative natural bone replace the in-
organic-organic composite bone substitute,

UV ray irradiated collagen matrix on the surface was
more condensed than the non jrradiated control specimen.
It has been known that some chemicals, such as glutaral-
dehyde, or some light sources, such as y-ray and ultraviolet
ray enhance the cross-linkings of collagen without affecting
physiological properties of the collagen'™. The effect of
glutaraldehyde and UV ray on enhancement of the collag-
en cross link was investigated in this study by measuring
the tensile strength. The glutaraldehyde cross linked speci-
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Fig. 7. Derived hydroxyproline amount after collagenolysis of
the glutaraldehyde treated collagens

men demonstrated the higher resistance than the UV ray
cross linked one to the strength (Figs. 5 and 6). But con-
cerning to the reaction of the residual aldehyde to tissues,
UV ray irradiation would be better to use, for the speci-
men of 4 hours UV irradiation revealed sufficient tensile
strength as much as the 20% glutaraldehyde treated one.
Hydroxyproline is a typical amino acid that exists in the
collagen « chain, and Neuman and Logan’s assay has been
an well known efficient tool to measure the released
hydroxyproline’s amount during collagenolysis by collag-
enase. In this study, the collagenolysis rate decreased as
the cross link rate increased. The less cross linked collag-
ens demonstrated the earlier rapid degradation, though the
early period within 10 minutes demonstrated similar
amount of the released hydroxyproline (Figs. 7 and 8). UV
irradiation for over than 60 minutes was an efficient met-
hod to prevent the collagenolysis, There was no difference
in the collagenolysis rate between the control bovine skin
origin type I collagen and the specimen extracted from hu-

man umbilical cord.

CONCLUSION

To obtain a collagen that would be used as a structural
matrix in an organic - inorganic composite artificial bone
substitute, the authors extracted type I collagen from hu-

man umbilical cord. To enhance cross link of the collagen
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Fig. 8. Derived hydroxyproline amount after collagenolysys of
the UV ray irradiated collagens

to increase the resistance against the physical tensile stren-

gth and biological collagenolysis, UV irradiation was con-

ferred. The followings are conclusions.

1. UV irradiation is an efficient tool to increase collagen

. cross link as much as a glutaraldehyde treatment.

2. Collagen’s resistance to the tensile strength and collag-
enolysis increases as the cross link rate increases

3. Cross link by an UV ray irradiation for over than 4
hours provides reliable physical and biological stability
to collagen.
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