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COLLAGENOUS PROTEINS IN BIOMATERIALS AND TISSUES.
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Imtr lon:

Cross-linking of collagencus implants plays a significant role
in increasing their physical strength and resistance to
biedegradation, as well as attenuating the immune response.
The level of crosslinking in collagen fibres varies in ditferant
fissues relative o their function and their mechanical proparty
requirements. Therefore, it is necessary 1o study those
ditferences in natural tissues in order to develop an equivalent
modal for a biomaterial.

It is wedl undersicod that most of the cross-links of collagen
are due lo the availability of free amino-groups on the surface of
the molecules. However, there is no simple reliable biochemical
method presently available to assess the extent ol the
interaction ol diferent crosslinking agents with the e-amino
groups of the protein’-Z. A modified Formol titration lechnique™
sgems o be an elective method for determining the relative
amounis of available amino-groups on the surface of the
proteins. This test is time consuming and has problems. The
primary aim of this investigation is to develop a more practical
methed o test the level of amino-groups available for aldehyde
cross-linking in collagen or gelatin. When the molecube is fully
cross-linked by an aldehyda, all possible reactive amino sites of
the protein are occupied for the cross-inking. The remaining
unreacted aldehyde-groups are an indirect measure of cross-
linking using the rosalinine dye of the Schiff reagent.

Qur secondary goal is o assess the varalicon in the relative
levels ol prolein cross-nking between two areas of a bone that
are under different stress condiions®. Mule deer calcaneus
bone is an excellent model o study the chemical dilerences
between the compressive and the lensile portions of a given
bona. The superior portion of the bone is always under
compression while the indenor section is in tension. We
atternpted 1o study the chemical changes occurring 1o organic
{mainly collagen) and inorganic (hydroxyapatite) components of
calcaneus bona.

Methods; -
irmiati Protein -

In brief, 150 mg of acetone predipitated prolein was
powderized and soaked in 10 mi of 0.05 M Borale butfer (pH 9.0)
containing 30 pg of lormaldehyda. AHer 16 hrs of incubation at
370C, the sample mixture was cenfrifuged and 50 ul of
supematant was added 1o 5 mi distilled water and 50 pl of Schift
reagent (1% rosalining). Following 20 min incubation at 37°C, the
color developed was measured at 540 nm. Higher the optical
density reflacts lesser free aming groups in the protein {ie. the
test samphe is mora cross-inked). For every exparnmental run, a
standard curve for aldehyde estimation was made.

During the validation of the method, ditferent amounts of
gelatin (0-300 mg) was tested and the resulls are reported. The
main precautions taken in the methodology are:

Plastic containers were avoided all the time. Screw capped
glass vials were used 1o avoid any air-bome contamination.
Mever used athanol during the incubation, which interferer the
results. Borale buffer was not used during the rosalining dye
incubation.
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Seven Mule deer calcaneus bones were used. Age of sex ol
the animal were not controlled because each bone has served as
its own control. Each specimen was carefully cleaned of muscle
and connective lissues. The bone was seclioned into superior
{compressive stress) and inferior (lensile stress) portions and

ground to approximatety 500 micron size paricles. Each ground
sample was lirst analyzred by X-ray diffraction (XAD) and Fourier
Translorm Infrared (FTIR). The samples were then demineralized
a.nld the proteins (mainky collagen) were characterized tor aming
acid composilion. Subsequently, using the above protecal the
relative amounts of prolein cross-linking were estimated from the
level of reactive amino groups available in the proteins,
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Figure1 indicates that higher amounis of protein (gelatin)
consumed higher quantities of formaldehyde which is reflected in
lesser values of OD. Under optimal condittons 150 mg of getatin
reacted with approximately 8.4 pg of formaldehyde. The reaction
was totally completed at 16 hours. The method alse found to
respond well o purified collagen samples.

Calcaneous bone portions showed no significant difference
between the XRD pattemns or the amino acd analyses .

However, the FTIR data showed certain diferences in the amide
peaks of the spectra. Highly significant changes were noticed in
the relative amounts of collagen cross-linking bebween the two
bene sections. Five oul of seven samples had an average of
24% higher cross-linking of collagen in the superior
{comprassive stress) portion compared 1o samples from the
interior (tensile siress) segment of the bone. We also noticed
that one of the samples showed an increase (63%) in cross-inking
al the inferor side compared to the supernior (Fig.2). We aftribute
this anomaly 1o lack of skeketal maturity since the animal ages
were LNKMowW.
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