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Collagen-Derived Membrane:
Corneal Implantation

Abstract. Behavior of membranes de-
rived from collagen was investigated
in rabbit corneas. Disks of the mem-
brane were placed between the lamellae
of corneas which were then examined
grossly, biomicroscopically, and histo-
logically. The wmembranes remained
clear, and almost no reaction or evi-
dence of reabsorption was seen during
an observation period of 6 months.
These characteristics make the mate-
rial potentially useful for heterotrans-
plantation in the cornea.

Synthetic polymers have attracted
considerable attention in medicine, es-
pecially in ophthalmology. Only a few
of these synthetics, however, have been
found with the inertness and other
physical properties needed for use in
the eye. The search for new materials
has overlooked biopolymers, largely
because understanding of their molecu-
lar biology has been limited, and also
because of such related problems as
availability, plasticity, and tissue reac-
tion.

New information about the collagen
molecule has, however, permitted the
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development of a collagen-derived bio-
polymer with unique properties (I—4).
This transparent material has a refrac-
tive index similar to that of the cor-
neal stroma and is a polyelectrolyte
which can be molded into any form
desired. Binding heparin to it will pro-
duce a nonclotting surface. Pore aper-
ture can be varied to selectively per-
mit or deny passage of different sized
molecules. Before any practical use can
be made of a new biological substance,
its behavior in vivo must be studied.
This material was studied by means
of its implantation into the cornea.

The preparation of the collagen bio-
polymer has been described elsewhere
(I, 4). Collagen from calfskin was used
exclusively, although any tissue rich in
this protein is a possible source.

Enzyme-treated collagen was poly-
merized from solution into transparent
membranes. The surface charge was
unaltered, and the pore size in the
membranes used was 30 to 50 A. A
similar membrane used for hemodialy-
sis was shown to permit relatively free
passage of water, gases, Na+, and K+
).

Adult albino rabbits (2 to 3 kg)
were used throughout. The animals
were anesthetized with sodium pento-
barbital (30 mg/kg of body weight)
injected intravenously. Tetracaine-HCI
(0.5 percent) was used topically for
additional anesthesia.

Collagen membranes were sterilized
by exposure to dry heat at 120°C for
2 hours. Disks 5 mm in diameter were
removed from the membrane with a
trephine and placed intralamellarly into
28 rabbit corneas. Lids were left open,
neosporin ointment was applied imme-
diately after surgery, and some ani-
mals received antibiotics prophylacti-
cally.

All eyes were examined grossly, and
most biomicroscopically, at frequent
intervals for signs of reaction, such as
perilimbal vascular dilation, corneal
edema and vascularization, hyperemia
of the iris, and cells and flare in the
anterior chamber. Animals were killed
at regular intervals, and the eyes were
fixed in 10 percent neutral formalin.
Histologic sections were made of cor-
neas which were then stained with
hematoxylin and eosin, Hale’s colloi-
dal iron, and periodic acid-Schiff re-
agent.

In 25 eyes, the only visible reaction
after the implantation was a mild dila-
tion of the perilimbal vessels lasting
from the 1st to the 3rd day. There was

no iris hyperemia, corneal edema, or
vascularization. There was no reaction
at the interface of cornea and mem-
brane. Throughout the period of ob-
servation, the membranes maintained
their transparency and original ap-
pearance. There were no corneal ero-
sions and no extrusions of the mem-
brane. ,

In three eyes, there was a violent re-
action marked by corneal infiltration
and vascularization which did not re-
spond to antibiotics. After about 3
weeks, small, grey punctate lesions were
seen on the surface of the membranes
in all three cases. Microscopic exami-
nation showed that they were fungus.

Six animals were killed at weekly
intervals, and six were killed at month-
ly intervals. The corneal stroma ap-
peared normal in all tissue sections,
with the exception of the stroma pos-
terior to the membranes which seemed
somewhat edematous after 4 months.
At no time were more than a few cells
seen near the membrane. These cells
appeared to be macrophages and fibro-
blasts, with an occasional mononucleo-
cyte. The membranes appeared un-
changed during the 6-month observa-
tion. period. No cellular invasion or
repopulation was seen. Membranes in
place for several months stained a pale
blue with Hale’s colloidal iron stain,
thus suggesting the presence of host
acid mucopolysaccharide in the mem-
brane. :

Collagen materials implanted into
the cornea have always provoked a cel-
lular response and are eventually re-
absorbed. The behavior of plain catgut
is well known (5). This familiar ma-
terial, prepared from ovine and bovine
intestinal collagen, is well tolerated but
produces a much greater cellular re-
sponse than collagen membranes do.
Other collagen-rich implants, such as
rat tail tendon (6), cartilage (7), and
dissolved collagen fiber (8), have pro-
voked tissue responses of varying de-
gree, but always significantly greater
than those caused by the collagen
membranes used here.

Collagen placed in- the cornea has
inevitably been reabsorbed, but at a
highly variable rate. Payrau polymer-
ized collagen in the living rabbit cor-
nea and found no evidence of it after
24 hours (8). Plain catgut is reab-
sorbed in a few days (9), and carti-
lage is resorbed over a period of
months (7). )

It is not definitely known why this
collagen membrane when implanted
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into the cornea should act differently
from other materials rich in this pro-
tein. It is likely, however, that the ex-
planation lies in some alteration of the
collagen used in the membrane. Colla-
gen is composed of a repeating “mono-
mer,” tropocollagen, which is itself
composed of three chains of amino
acids arranged in a coiled helix (2).
Peptides of low molecular weight,
termed telopeptides, extend from the
body of tropocollagen (4). There is in-
creasing evidence that these telopep-
tides determine species difference of
collagen and play a determinative role
in its molecular biology (I, 3, 4). The
feature ‘distinguishing the collagen
membrane from other collagen-rich
materials used in the cornea is that
most of the telopeptides were removed
during preparation of the membrane
by enzymatic proteolysis (/0). A fur-
ther important point is the extensive
introduction of intra- and intermolecu-
lar cross-links into the collagen mem-
brane by heat or ultraviolet irradiation
(1). Tt is known that cross-links sta-
bilize the tropocollagen molecule and
play an important role in determining
the resistance to reabsorption (II).
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Vertebrate Regeneration System: Culture in vitro

Abstract. With standard tissue-culture techniques and media, various compo-
nents of the lizard tail regenerate have been maintained in culture for 8 months.
Differentiation of two cell types, melanophores and striated muscle, has been
obtained. Myoblast proliferation and fusion can be- selectively—controlled by

altering the culture medium.

The details of tail regeneration in
a number of lizard species have been
described (I, 2). As in other regenera-
tion systems, the developmental capaci-
ties of these regeneration cells are in
dispute. In addition, the various inter-
actions involved in the initiation of
the regenerate, as well as those occur-
ring during its differentiation, have not
been adequately resolved. These basic
aspects of vertebrate regeneration
have proven difficult to clarify with
available techniques in vivo. Studies of
regeneration in vitro have been ham-
pered by the general paucity of tech-
niques for the culture of cells from
lower vertebrates. Although considera-
ble progress along these lines has been
made in recent years (3), all reported
attempts to culture the components of
a regenerate have achieved, at best,
maintenance and limited outgrowth
(4). We describe techniques for the
culture in vitro of various components
of the tail regenerate in the lizard
Anolis carolinensis.

The portion of a tail bearing a regen-
erate of known age was first swabbed
with ether to remove fungal spores.
The regenerate was then removed and
placed in Hanks’s salt solution contain-
ing antibiotics (5). The regenerate was
cut into circular segments approxi-
mately 1 to 2 mm thick and placed
in dissociation medium, consisting of
growth medium (GM-I) containing 2.0
mg of collagenase per milliliter (5).
The pH was maintained at 7.2 with a
bicarbonate buffer and gassing with a
mixture of 95 percent air and 5 per-
cent CO,. Dissociation was carried
out at 26°C for various lengths of
time (2 to 8 hours) depending on the
component to be isolated for culture.
Following this preliminary loosening of
the components, the tissue slices were
carefully dissected with the aid of
tungsten needles to yield the material
for culture (that is, wound epithelium,
promuscle aggregates, procartilage ag-
gregate, or general mesenchymal cells
of the regenerate). The isolated com-
ponents were then placed in fresh dis-
sociation medium, gassed, and disso-

ciated with occasional pipetting for an
additional 2 to 4 hours until suspen-
sions of single cells were obtained. The
fully dissociated cells were filtered
through several layers of sterile lens
paper to remove cell clumps, spun
down in a clinical centrifuge, and
then resuspended in a known volume
of growth medium. The cells were
counted in a hemocytometer, diluted
to appropriate concentrations, and plat-
ed in either 60-mm Falcon plastic petri
dishes or in Falcon 30-ml flasks.
During the initial phases of this
study, pooled cultures of dissociated
cells obtained from early regenerates
were used to screen various media. Al-
though several commercially available
media and various combinations of
added biologicals were tested for their
ability to support growth of the cells,
two formulations were found to sup-
port growth for long periods of time
and in some cases additionally support
differentiation of the cultured cells.
Growth Medium 1 (GM-I) consisted
of Coon’s (6) modification of Ham’s
F-10 medium containing 5 percent
chick embryo extract, 10 percent fetal
calf or horse serum, 1 percent GIBCO
antibiotic mixture (5), and 0.07 per-
cent bicarbonate. Growth Medium II
(GM-II) contained Eagle’s basal medi-
um with glutamine and the same con-
centrations of embryo extract, fetal
calf or horse serum, antibiotic, and bi-
carbonate. Although both media sup-
ported long-term proliferation of the
lizard cells, a higher plating efficiency
and more rapid growth was consistently
obtained with GM-I. However, GM-I
failed to support differentiation of
striated muscle, whereas GM-II did
support muscle formation. All cultures
were incubated at 26°C in sealed
chambers gassed with 95 percent air
and 5 percent CO, and maintained
at 100 percent humidity. Every 4th
day half of the medium in each dish
was exchanged for fresh medium.
Presumptive muscle cells, obtained
from 3- to 6-mm regenerates, were
plated at a concentration of 2 X 103 to
3 X 103 cells per dish. In all cases the
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