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SUMMARY

Bovine collagen of increasing biological age shows
greater resistance to the action of acids, as
measured by extractable collagen. Citrate-soluble
content of corium from fetal skin was 30.9% while
that of 3 to 6-week old calf was 6.4% and of
18-month steer was 3.2%. Similar trends were also
noted in neutral salt-soluble (NSC) and pepsin-
treated, acid-soluble (PSC) fractions. The greater
resistance to degradation in biologically older
bovine collagen is thought to be directly related
to increased cross-link formation.

The ultrastructure of bovine corium was shown to
become more highly ordered and have less inter-
fibrillar matrix material, as the animal age
increased. The average diameter of the fibrils also
increased. These conditions would be expected to
provide an environment favorable to further inter-
molecular cross-link formation.

INTRODUCTION

Collagen constitutes the major protein component of
skin, bone, tendon and other forms of connective
tissue. It is a high molecular weight, relatively
insoluble fibrous protein. The basic molecular unit
of collagen is a triple-stranded coil, rod-like
structure of about 14 A in diameter, 280¢ A in
length and a weight average molecular weight of
300,000 Daltons (1).

Because of the unique physical and chemical proper-
ties of this fibrous protein, considerable attention
has been focused on collagen from both a medical and
industrial viewpoint. The traditional commercial
uses have been in the leather, gelatin and glue
industry. More recently, however, collagen has
found use in such diverse applications as absorb-
able sutures (2) and regenerated edible sausage
casings (3,4). The success of these new
applications depend on the ability of collagen,
which has been disintegrated from its native fiber
assembly, to repolymerize and reform again into a
fibrous state.

Commercial processes for producing regenerated
collagen structures are largely based on the utili-
zation of the corium layer of hide obtained from
bovine animals. These processes are highly
dependent upon a uniform and consistent quality of
the starting raw material. Unfortunately, the
molecular properties of this collagen tissue,
particularly as they relate to the age of the animal
are poorly understood. While there are reports in
the literature on age-related changes in collagen,
most of this work has been carried out on very pure
forms of collagen such as rat-tail tendon. This
study was performed in order to better define some
of the chemical and physical changes which occur in
bovine collagen during the course of the animals
development.

MATERIALS AND METHODS

Bovine skin from freshly slaughtered Holstein cattle
was used. Four age groups were included:

(1) fetal, (2) 3 to 6 weeks, (3) 18 months, and
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(4) 40 months. Prior to use in testing, the skin
pieces were split with a meat slicer to remove the
hair and grain layer.

The effect of acid, neutral salt and enzyme on the
extractability, solubility and molecular size dis-
tribution was investigated using the fractionation
scheme illustrated in Fig. 1. The chromatographic
procedure utilized a Waters Associate Model ALC/GPC-
224 Liquid Chromatograph equipped with a UV-absor-
bance detector and a differential refractometer. In
initial studies, several column types were evaluated
for their ability to separate the collagen fractions$
under study. The best separation was obtained with
Waters Associates p-Bondagel column (4 mm o0.4. x

30 cm), which has an exclusion volume of 1.5 ml and
a total volume of 3 ml.
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Figure 1.

The packing material is a controlled porosity silice
with a permanently bonded ether phase which creates
a hydrophilic surface. A known molecular weight
collagen Type III, obtained from Sigma Chemical Co.
was used as a standard. The soluble collagen
fraction of each sample at a retention time of 4.3
minutes was calculated by reference to the standard
using the following expression:

@.05
% soluble collagen = § y — ¢ ¢ 109
where A = Peak height of sample at retention time

4.3, B = Peak height of collagen Type III
at retention time 4.3 and C = Dry weight of

sample in 199 ml solution.

Relationship to histological and ultrastructure
changes was observed using transmission electron
microscopy (TEM) and scanning electron microscopy
(SEM). Corium samples were fixed in a solution of
4.9 percent paraformaldehyde and 1.8 percent glut-
araldehyde in cacodylate buffer at pH 7.2 for 18
hours at 26°C. Following rinsing in buffer and then
in water, the samples were fixed further in 1.0
percent aqueous osmium tetroxide for 2 hours at 26°C
and rinsed in dionized water. Dehydration was
accomplished in a graded series of ethanol
solutions. Impregnation and embedding was
accomplished in Epon 812 epoxy resin. Diamond knife
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resistant to enzymatic degradation. The authors
have reported elsewhere on the work carried out to
measure stress/strain behavior of denatured collagen
as an indication of cross-link density (8). While
considerable information now exists on the possible
mechanisms involved in collagen cross-link
formation, the complete chemical identity of these
stabilizing forces in insoluble mature tissue
remains to be elucidated.

ELECTRON MICROSCOPY

Typical TEM micrographs obtained in each of the four
animal age groups studied are shown in Fig. 5
(cross-sectional views at 50,000X). The average
fibril diameter reported (Table 1) is based on the
measurement of 209 individual fibrils. The average
fibril diameter increased from 1950 A at fetal age
to 1552 A at 40 months. In fetal skin, 98 percent
of the fibril diameter measurements were below

1600 X while in the 4@-month animals only 40 percent
were below this size.

As in the case with fibrils, the fiber, composed of
hundreds of thousands of fibrils, increased in
diameter with increasing age. In fetal skin (Fig.
6), collagen fibers are shown in cross-section of
relatively small diameter (4 X 104 to 8 X 104 A)
which are separated by relatively wide areas of
interfiber matrix. This interfiber matrix is also
quite extensive in corium from 3 to 6-week calf, but
is considerably reduced in the 18-month sample and a
very minor fraction in the 4@-month sample. A
corresponding decrease in the volume fraction of
interfibrillar matrix between fibrils is also
evident with increasing age. Each collagen fibril
within a bundle is surrounded by a cellular
substance of low electron density. As the collagen
fibrils increase in diameter with age, the enlarge-
ment appears to be accompanied by a reduction in the
relative amount of interfibrillar material which
invests each fibril.

Scanning electron images from 3,000X to 25,000X
magnification show a more three-—dimensional morphol-
ogy than that obtained with TEM. It is also evident
that with increased age, the structure was more
dense and compact. For example, the micrograph of
fetal corium (Fig. 7) reveals a rather loose
arrangement of fibers and fiber bundles with
considerable interfiber matrix. This is in striking
contrast to that of the 18-month (Fig. 8) sample
which shows massive, tightly-packed fiber bundles.

The observations in both TEM and SEM studies that
show an ultrastructure of bovine corium becoming more
dense and compact with increasing age is in agreement
with studies on other collagen tissues. Rundall (9)
reported a decrease in matrix volume with age in
chick tendon. Studies carried out by Torp et al.
(12) on rat-tail tendon also showed a decrease in the
cellular material between fibrils with increasing
age. Such conditions would be expected to provide an
environment favorable to further intermolecular
cross-link formation on the basis of shorter distance
between molecules in the packing arrangement. This
is also compatible with the hypothesis that the more
crystalline portions of the molecule have the greater
frequency of cross - links.
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Figure 4. Elution patterns of soluble collagen extracts recovered following
treatment of corium with 0.5% pepsin, pH 2.5. The dashed line is
from fetal skin, the solid line from l-month age and the dotted
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Teansmission clectron microgeaphs of cocium from animals of increasing age: a) feial corium

FIGURE 6.-

Transmission eleciron micrographs of corium from animals of increacing age: 2) cross-sectional
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Table 1.

Comparison Of Changes In The Fibril And FPiber Diameters

With Age As Estimated From Electron Mi::rm;raphs‘l

Age
Aot b R € (R
w TEM Fibril Diameter (A) TEM Fiber Diameter  (A)
Plate No. Average Range Plate No. Range
Petll
7% 29 1050 600-1400 63 4 x 104 - 8 x 104
"oney 4 ‘
17 1142 800-1600 20 8 x 10° - 18 x 10
Tonthy 4 4
43 1413 1000~-1800 46 10 x"10* = 32'x 10
Mngh' 4 4
48 1552 1000~-2200 49 24 x 10" - <32 x 10

t“ur
Mgnxtf:&ntl made directly from electron micrographs specified, using a 7X hand-held
T with reticle graduated in 0.1 mm.

hl(n
L]
o 50,000% = 200 . In each case 200 measurements were taken.

1

! oy

£ e

v o 3;0.000)( = 4000 R. All fibers in the field were measured, however they were too
Se in calculating an average.
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