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ABSTRACT

THE CANINE CORNEA IN TISSUE CULTURE

by Waldo Frank Keller

The hydrogen ion concentration of canine.aqueous

humor was determined and an average pH of 7.8 established.

Six mm corneal sections were placed in the Rose

perfusion chamber for tissue culture studies.

Two media were used in these experiments. One con-

tained 10% canine serum and 90% Mixture 199, while the other

was comprised of 10% canine serum and 90% Puck's medium.

The pH was maintained at 7.8 and both media proved capable

of stimulating cellular activity. Epithelial-like cells

were observed to migrate from the explant after three hours

in culture and the greatest cellular activity occurred be-

tween the 15th and 20th hours.

Hope is expressed that further experimentation with

this vital tissue will make keratoplasty a clinical reality

for the veterinarian.
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INTRODUCTION

In the areas of clinical surgery and medicine there

has been an increasing demand on the veterinarian to diag-

nose and treat various pathological conditions of the canine

cornea. Unfortunately, there is a dearth of basic research

concerning the canine eye and such understanding must pre-

cede constructive experimentation in this area. There are

many situations arising which would be amenable to corneal

transplantation but thus far the instances of transplanta-

tion procedures have been haphazard and without preper docu-

mentation.

Before the transplantation studies could be initiated,

a basic study of the cells of the cornea seemed appropriate.

The most logical approach appeared to be a study of the

cellular activity in tissue culture. A considerable number

of investigations has been undertaken in this area but most

of the reports are concerned with corneas of cats and rab-

bits. Such work has been directed toward determining vi-

ability after the corneal tissues have been handled in vari-

ous environments prior to transplantation.

The perfusion chamber technique employed in this

present study was pursued because of its adaptability to

microscopic examination and photomicroscopy without disturbing



the corneal sections. The author also was interested in

utilizing a technique that could be expanded into further

experimentation in the area of holding and maintaining the

donor corneal tissues until needed for surgical transplanta-

tion.

Two readily available synthetic media were considered

in this study in the hope that they would maintain and stim-

ulate growth of the corneal tissues. This basic informa-

tion would be of value for future experiments.



REVIEW OF THE LITERATURE

A. gSSUE CULTURE

Lewis and Lewis (1911) initiated investigation of

the nutrients necessary for growth of tissues in vitro,

and since that time experimenters have developed a great

variety of media for tissue culture studies. This study

was confined to two synthetic growth media, Mixture 199

(Morgan g£_al.,'l950) and the medium used by Puck gt_al.

(1958). Fowle and Ormsby (1955) demonstrated Mixture 199

to be insufficient in stimulating adequate growth of monkey

corneal cells, but with the addition of horse serum and

chick embryo extract, fibroplasia was stimulated greatly

and epithelial growth slightly. McPherson.g£_§l. (1956 a)

demonstrated rabbit corneal growth utilizing 40 per cent

Earle's balanced saline, 40 per cent horse serum and 20

per cent chicken-embryo extract. This same group of research-

ers (Draheim gt_§l., 1957) gave evidence of satisfaction in

this medium by continuing corneal viability studies using

the same mixture. Cockeram gt_al. (1957) examined the vi-

ability of rabbit corneal epithelial and stromal cells mak-

ing use of a medium composed of 30 per cent horse serum,

5 per cent chicken—embryo extract, and 65 per cent Earle's

balanced saline. Cockeram et al. (1959) again used this



medium in their work with the cornea in tissue culture and

it is of interest to note that these experimenters maintained

a pH of 7.0 in their cultures. This concern for the pH of

the medium appears lacking in the viability studies afore-

mentioned. Perry gt_§l. (1959) experimented with stored

human grafts and, in determining viability, exposed the

corneal tissues to a mixture of 30 per cent homologous serum,

20 per cent chicken-embryo extract, and 50 per cent Earle's

balanced saline. Paul (1959) stated that the components

essential for the immediate survival of cells and tissues

outside the body have been precisely described, but it is

obvious that there will never be a universal chemically

defined medium for all cell types. The tissue culture stud-

ies of the cornea substantiate this because varied media

have produced inconsistent cellular activity. Observations

of epithelial activity varied from a few hours to 48 hours

in culture, and initial fibroblastic migration was evidenced

as early as 48 hours and after as long as 20 days.

Many containers and growth chambers have been utilized

in tissue culture from Carrel's (1925) optically thin flasks

and Maximow's (1929) hanging drop techniques to perfusion

chambers of Buchsbaum and Kuntz (1954) who utilized double

coverslips mounted in a stainless steel slide. Christiansen

§3_gl. (1953) used a similar perfusion chamber with a plastic

or glass slide. Rose (1954) improved upon these devices

by creating a chamber which allows for simple media exchange



techniques throughout the entire cultivation period as well

as constant optical observation. Further improvements on

the Rose chamber have been developed through the Electro-

Mechanical Development Company (1957).

B. HISTOLOGY OF THE CORNEA

Jordan (1952) stated that the cornea consists of

five layers; the anterior epithelium, the anterior homogene-

ous membrane, the corneal substance, the posterior homogene-

ous membrane and the posterior epithelium. Histologists

have agreed on the cell types present in these five layers,

but they have not been consistent in the names applied to

the tissues. The most universally accepted nomenclature

for the tissues comprising the cornea was proposed by Max-

imow and Bloom (1957). These authors designated the layers,

from anterior to posterior, as; the epithelium, Bowman's

membrane, the substantia propria, Descemet's membrane, and

the corneal mesenchymal epithelium. Discordance in naming

this innermost layer has led to considerable confusion.

Copenhaver and Johnson (1958) referred to this tissue both

as mesenchymal epithelium, and corneal endothelium, while

Rycroft (1955) and many others writing on keratoplasty refer

to this simply as the endothelium. The latter term may be

misleading, since endothelium is usually associated with

the blood vascular system. Prince et al. (1960) have



provided average thicknesses for the layers of the canine

cornea, and these measurements are included in the following

descriptions.

1. THE EPITHELIUM. This layer is stratified squamous

epithelium with flattened superficial cells which do not

show keratinization. Cells of the deepest layers are colum-

nar in shape, with the remaining middle cells appearing poly-

hedral. Continuous division is observed and Binder (1952)

stated that the average life of the cell is about 4 to 8

weeks. Mann (1944) reported the presence of special goblet

cells in the rabbit cornea during epithelial regeneration,

and Meirowsky _e_t_g_1_. (1947) demonstrated the transition of

epithelial cells to goblet cells when the rabbit cornea was

exposed to various elements. The epithelium is reported to

be 0.08 mm thick in the dog.

2. BOWMAN'S MEMBRANE. This structure has been re—

ported as a homogeneous mass by many authors, but Maximow

and Bloom (1957) reported the membrane to consist of a felt

work of randomly arranged fibrils, apparently of collagen.

The report was based on research utilizing electron micros-

cOpy. These authors described the membrane in the human

cornea as being 6 to 9 microns thick, and this is much greater

than the 1.5 microns observed in the dog.

3. SUBSTANTIA PROPRIA. In the canine cornea, this



layer represents over 85 per cent of the total thickness

and is reported as varying from 0.5 to 0.6 mm. Parallel

with the surface are many laminae, with corneal corpuscles

occupying spaces between the lamellae. These corpuscles

are analogous to the fibrocytes of other tissues, and the

fibrils contain the typical connective tissue protein, col~

lagen. Wooden (1952) has confirmed the presence of a poly-

saccharide—protein complex which acts as an adhesive binding

the laminae together. Hoffman and Messier (1949) demonstrated

the importance of the corneal corpuscles in successful graft

techniques.

4. DESCEMET'S MEMBRANE. In the dog, this tissue

is 14 microns thick as compared to 6 microns in the human

cornea (Hycroft, 1955). There are no microscopic structures

observed but, unlike Bowman's membrane, this tissue can be

reformed after penetrating damage. McDonald (1957) demon-

strated a retraction of this membrane following incisions

through the cornea.

5. MESENCHYMAL EPITHELIUM. The innermost surface

is recognized as a single layer of epithelial-type cells

averaging 4 microns in thickness. These cells are capable

of regeneration and many authors feel that they secrete a

substance which forms the Descemet's membrane. Investigators

have reported a consistent inability to demonstrate mesen-

Chymal epithelial activity in tissue culture. (McPherson

23.21-. 1956 b)



C. EMBRYOLOGY OF THE CORNEA

The cornea is a complex structure which evolves from

both ectodermal and mesodermal embryonic cells. Mann (1950)

described surface ectoderm as the anlage of the epithelium

while the substantia propria and mesenchymal epithelium are

derived from the paraxial mesoderm. A condensation of the

mesostroma separating the surface ectoderm from the anterior

surface of the lens, gives rise to a "directional membrane“

which, when invaded by mesodermal cells, is split into Bow-

man's and Descemet's membranes.

D. NUTRITION OF THE CORNEA

Surgical techniques, though mechanical in appearance,

are based upon principals obtained through basic studies in

the areas of anatomy and physiology. Confidence in the out-

come of his endeavor is a necessary ingredient in the make-up

of the successful surgeon, and knowledge concerning the tis-

sues involved will advance this confidence. Techniques of

corneal surgery have advanced rapidly, well ahead of the

theoretical knowledge of the physiologist, and Rycroft (1955)

stated that the point has been reached where real progress

in surgical technique will depend on a more intimate know-

ledge of the corneal physiology. It is therefore important

that the nutrition of the cornea be considered, since it

is devoid of a true vascular bed and thus must receive



nutrients by other means.

Three routes of supply have been postulated; dif-

fusion from the aqueous humor, from the tears, and from the

capillaries of the conjunctiva and sclera. The importance

of each route has been argued by many authorities, and while

Nonidez and Windle (1953) stated simply that the metabolism

is provided for by diffusion through the tissue fluid of

the cornea from capillaries located at the junction of the

corneal and conjunctival epithelium; other researchers have

been striving to follow certain ions into the tissues via

all three routes. Potts and Johnson (1950) demonstrated

the importance of the limbal route in the transportation

of certain ions, by using radioactive isotopes. Potts (1955)

presented evidence substantiating the diffusion of inorganic

ions through the surface epithelium and mesenchymal epithelium

in both directions. In the latter studies the mesenchymal

epithelium was shown to be more permeable than the surface

epithelium. Bock and Maumenee (1953). in their studies with

implanted polyethylene films, have shown a free interchange

of stromal fluid with aqueous humor to be absolutely neces-

sary for the survival of stromal and epithelial cells. Dif-

fusion from the limbus did not appear sufficient, by itself,

to prevent degeneration of the stromal cells denied aqueous

penetration. Rycroft (1955), in comparing routes of nutri—

tion to the cornea, pointed out that the mesenchymal epi-

thelium and stratified squamous epithelium act as selective
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membranes, whereas nutrition from the limbus involves passage

through unselective membranes of the capillaries. Thus,

from the standpoint of permeability, the limbus would be

a favorable route of nutrition. It is apparent that the

total nutrition of the healthy cornea is dependent upon

diffusion of nutrients through all three postulated routes.

This would indicate that the corneal cells, when placed in

a perfusion chamber and exposed to a synthetic media, will

receive adequate nutrition for maintenance and growth.



MATERIALS AND METHODS

A. Aqueous humor pH determinations

Five dogs obtained from a city pound were utilized;

the ages varied from 8 months to 5 years. The breeds repre-

sented were Beagle, Basset hound, Border Collie (nursing

pups), and Boxer.

The animals were anesthetized using intravenous

injections of a four per cent thiamylal sodium.l An eye

speculum was positioned holding the lids apart and a con-

Junctival flush with sterile .9% solution of sodium chloride2

followed. A 24 gauge needle was placed two mm from the

limbus and forced through the bulbar conjunctive and sclera

angling into the anterior chamber in such a manner as to

avoid the iris. This technique allowed an average of one m1

of aqueous humor to be removed without damage to the eye

and without hemorrhage. The aqueous was withdrawn into a

two ml syringe and transferred to sterile five ml bottles.

Samples were collected and the pH determinations completed

on three consecutive days, and this series was repeated one

1

Michigan.

. 2Normal Saline Solution; Jensen-Salsbery Laborator-

les, Inc., Kansas City, Missouri.

Surital Sodium; Parke, Davis and 00., Detroit,

11
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week later. Two readings of each sample were taken one

hour apart. The Beckman pH meter model G1 was used in all

determinations.

B. Tissue Culture Studies

The dogs used in these experiments represented both

sexes, weighed from 18 to 65 pounds, and were from 8 months

to 5 years of age. These animals were maintained in the

experimental kennel until the corneas were completely clear

and the globe apparently normal in all respects.

The animals were anesthetized with intravenous in—

jections of pentobarbital sodium2 in a quantity sufficient

to produce a surgical plane of anesthesia. The hair was

clipped from around the eyes and the conjunctival sac flushed

three times with sterile .9% solution of sodium chloride.

A cotton mass saturated with a 1:1000 dilution of benzalkon—

ium chloride3 was placed over the clipped area for 15 minutes.

Aseptic surgical procedures were employed in performing the

subconjunctival enucleations, and the globes were placed

in a sterile dish containing 1:1000 Zephiran Chloride.

After 10 minutes the eyes were transferred to another ster-

ile dish containing 100 m1 of Hank's (1948) balanced salt

1National Technical Laboratories, Pasadena, California.

.-

2Halital; Jensen-Salsbery Laboratories, Inc., Kansas

City, Missouri.

3Zephiran Chloride; Winthrop Laboratories, New York,

New York.
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solution with 50 mg of dihydrostreptomycinl and 2,000 units

of penicillin2 added. This dish remained wrapped in a ster-

ile shroud for transportation to the tissue culture labora-

tory. Immediately following enucleation, sufficient Halital

was administered to effect humane euthanasia of the dogs.

A special surgical pack containing all of the in-

struments used in trephining the corneal sections and pre-

paring them for the culture chambers was autoclaved. Cap,

mask, and sterile gloves were worn by the operator during

this entire procedure. A six mm corneal trephine was util-

ized in cutting the sections, and these were transferred

immediately to a Rose Perfusion Chamber.3 Three sections

could be taken from within the limbus of each cornea in such

a manner that no conjunctival or scleral tissues were in—

cluded. In order to minimize trauma and to insure uniform-

ity of the corneal sections, deep lamellar incisions were

made for all three sections. The resections were completed

after collapse of the anterior chamber. One section in the

second trial included both corneal and scleral tissues for

comparative study. A number one, 22 mm, circular coverslip

 

lDihydrostreptomyoin sulfate, Crystalline; Chas.

Pfizer and Co., Inc., Brooklyn, New York.

ZCrystalline penicillin G, Potassium; E. R. Squibb

and Sons, New York.

3Electro-Mechanical Development 00., Houston, Texas.
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was placed in the bottom half of the Bose chamber and fitted

with one Silastic gasket.1 Separate two ml syringes fitted

with 24 gauge needles were used to dispense two drops each

of chicken embryo extract and chicken plasma on the cover-

slip. Immediately the first corneal section was trephined

and placed in the mixture with the anterior surface epithelium

up. A similar circular coverslip was placed over the clot

on the gasket and the culture sealed by the addition of a

metal gasket and the top half of the chamber (Figure 1).

After the last chamber was closed and it was evident that

a good clot had formed, medium was added to the chamber by

inserting two 24 gauge, one inch needles through the seal

gasket 180 degrees apart. The medium was infused into the

chamber through one needle fitted to a syringe, while the

opposite needle allowed for air pressure release.

Mixture 199 and Puck's synthetic medium were used

in each experiment. To these solutions sterile, cell free,

canine blood serum was added to make a final concentration

of 10 per cent. All media was adjusted to pH 7.8 with ster-

ile 7.5% NaH005 and stored at -15° C in five m1 amounts.

Frequent bacteriological tests of the media at the beginning

and at the end of each trial, and of thawed and incubated

media revealed no contamination. Any change in pH, indi-

cated by a shift in the color of the phenol red indicator,

lElectra-Mechanical Development 00., Houston, Texas.
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was used as a criterion for feeding. The first trial es-

tablished a feeding schedule which resulted in media changes

after the first four to five hours, again after 12 hours in

culture, and at 10 to 12 hour intervals thereafter. The

media was thawed in the incubator allowing the temperature

to reach 57.5 degrees centigrade before use. All feedings

were accomplished in the enclosed tissue culture room.

The perfusion chambers were placed in petri dishes

and maintained in a 57° C. incubator. The cultures were

examined at each feeding period with light field microscopy,

and photographic recordings of cellular activity were made.

The last two trials were examined by both light field and

phase contrast microscopes with photomicrographs taken at

various intervals. For phase observations the microscope

with the chamber was housed in a special incubator which

maintained the temperature at 57° C. This allowed continu-

ous observation and photography over a period of several

hours. Table I indicates the handling of individual sec-

tions in each experiment. At the end of the culture periods,

the coverslips were removed from the chambers and the adher-

ing cells stained with May-Grflnwald-Giemsa (Merchant gt_gl.,

1960).



RESULTS

A: pH Determinations

Table II presents the results of three consecutive

days' examinations of the aqueous humor, with the pH deter-

minations repeated in one week. The puncture technique

produced hemorrhage in only one eye; this had completely

disappeared before the second series of examinations were

initiated. One ml of aqueous humor could be obtained con-

sistently and only in the collie did this amount effect near

collapse of the globe. Aqueous clots were experienced and

in a few cases did not allow for pH determinations. The

aqueous samples were observed in the glass vials and in all

cases a partial clot resulted in one hour. After 24 hours

the clot appeared to break down; at the end of 48 hours

the aqueous once again was in a liquid state. From this

study an average pH of the canine aqueous was recorded as

7.8.

B. Tissue Culture Observations

 

In the first two trials, the corneal sections which

were placed in a clot without additional media did show

some cellular activity on the surface of the explant, but

16
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in no case did migration of cells into the clot occur.

The cellular activity was not evidenced after the first

five hours in culture. A section of sclera was allowed

to remain intact with the corneal tissue in one culture,

but no cellular activity of the sclera was observed over

a 44 hour period. The attached cornea gave evidence of

activity and followed the general pattern to be discussed.

The growth patterns were very consistent and in four to

six hours, migration of epithelial-like cells was observed

(Figure 2).

The perfusion chamber made possible examination

of the epithelial and the mesenchymal epithelial surfaces

individually. In the early periods of observation, it was

apparent that the cellular activity was confined to the

epithelial tissues; this activity was observed on the sur-

face and at the perimeter of the explant. As the cellular

migration continued, it was possible, by focusing through

the clot, eventually to observe the presence of the epithel-

ial-like cells near the mesenchymal epithelial surface.

There was, however, no cellular activity present on this

surface at any time.

Because of the difficulty in measuring three dimen-

sional migration, cell rows from the edge of the explant

were counted and recorded (Table II). During each period

of observation, photomicrographs documented the cellular

activity.
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Changes in the pH of the media became apparent after

four to six hours in the incubator and in nearly all of the

cultures a slightly acid medium was observed as evidenced

by a change in the color. The chambers containing Mixture

199 invariably demonstrated a more rapid and severe change

to an acid reaction than those with Puck‘s medium.

At the end of 15 hours, the migration resulted in

12 to 16 rows of cells (Figure 5). By this time a few cells

were observed in all layers of the clot with the greatest

concentration near the epithelial edge of the explant. It

was noted that the least active areas were those which ex-

hibited an irregular border, a result of an imperfect incision

during the surgical procedure. Color changes in the media

again indicated an alteration of the pH; this acid appear-

ance was interpreted as cellular metabolism. Continuous

observations revealed the period represented by the 15th

to 20th hours in culture to be the most active. It was

during this period of time that the cells rapidly reached

the edge of the clot.

After 51 hours in culture, the cells had migrated

to the edge of the clot and were quite densely packed (Figure

4). Beyond this period very little cellular activity was

visible microscopically or by gross observations of the

media. At this stage of culture, the pH did not reach the

acid scale but 10 or 12 hour feedings were continued. The

cellular mass became more dense through the 42nd hour and
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there was still only a slight decrease in alkalinity observed.

Beyond this point it was impossible to determine cellular

activity microscopically and there was no apparent pH change.

Both of the media used in these experiments produced

similar stimulation of the explant but it should be noted

that Mixture 199 cultures were consistently a few hours

ahead, both in the number of cells observed and pH reduc-

tion. Following the most active culture period, fewer dif-

ferences between the two were observed and by the end of

42 hours, Puck's medium was equal to Mixture 199 in cellular

stimulation.

The series followed by phase microsc0py, demonstrated

cellular activity with the first migration of epithelial—

like cells noted in three hours (Figure 5). Migration of

these cells was a rapid and continuous process and even

though observations were accomplished at hourly intervals,

dramatic changes in the field under observation were noted.

New cells were present and the cells previously observed

assumed a new position within the field. Figures 6, 7,and

8 respectively, represent 10, 11, and 12 hours in culture.

Again, the most active period observed was between the 15th

and 20th hours. Figure 9 represents the cellular migration

as it appeared following 20 hours in culture. Because of

the packed appearance at this time, further developments

in this field could not be shown photographically. By moving

the field of observation away from the explant, further
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migration could be observed; at the end of 50 hours, the

cells were present in all areas of the clot.

The cells attached to the cover slips, which com-

prise the top and bottom of the perfusion chamber, were

fixed in absolute methyl alcohol and the May-Grdnwald—Giemsa

method for staining whole cultures differentially was util—

ized. Sheets of epithelial cells and groups of epithelial-

like cells are demonstrated in Figures 10 and 11.

 



DISCUSSION

Examination of the canine aqueous humor was initi-

ated primarily to establish a normal pH range as a basis

for adjusting tissue culture media to an optimum pH level.

Many interesting observations resulted, namely, increased

clotting powers exhibited by the replacement aqueous. The

fact that rapid clotting was not as dramatic in the second

series of sampling may be attributed to the improved tech-

nique of globe puncture. Only when the iris was traumatized

did there appear any indication of the anterior chamber

invasion. No permanent pathological change was observed

in any of the eyes and this should be of interest when con-

sidering experiments involving ocular therapeutics.

It was interesting to note that paired eyes did not

give identical pH readings (Table I). This observation was

also reported by Epstein (1959) who examined 11 dogs between

eight and 15 years of age. These dogs were afflicted with

various disease processes, some of which were accompanied

by corneal lesions. Paper indicators were used in his ex-

periments and the pH ranged from 7.5 to 8.0 with the average

approaching 7.5. Most of the ocular preparations on the

market have been produced for use in man but are utilized

by the veterinarian in treating canine patients. In some

21
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instances these preparations appear to be irritating to

the canine eye and at times the reaction reported for the

human patient is not observed in the dog. It may well be

that further consideration should be given to the relatively

high pH observed in the canine aqueous humor when producing

a preparation for use in canine ocular therapeutics.

The consistent results observed with the 6 mm corneal

sections, indicate the tissues to be easily adapted to cellu-

lar activity within the perfusion chamber. No contamination

difficulties were experienced when the enucleated globe was

immersed immediately in 131000 zephiran chloride for a ten

minute period. This step was omitted from the technique

in handling one globe and culture contamination occurred.

The stored media was examined at this time and found to be

sterile; thus, it appeared that the contaminants were carried

to the chambers on the corneal tissue. An established tech-

nique for handling the chambers allowed feeding over long

periods of time without contamination or damage to the cham-

bers. The number one cover slips were adequate for visual-

ization and photomicrography, but they were easily broken

during the feeding procedure when pressed by the needle or

when excessive pressure was applied to the syringe.

Histological sections were obtained from the trephined

cornea in an attempt to demonstrate all layers of the cornea.

Mesenchymal epithelial cells were demonstrated but never

as an intact layer. No mesenchymal epithelial migration
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was observed during the study. This parallels the results

observed by McPherson g}_§l. (1956).

The very early appearance of cellular activity has

not been reported by other investigators but because this

identical technique has not been used on other species, it

would not be possible to attribute this solely to species

variation.

There was no evidence of fibroblastic activity in

any of the cultures even when held for periods up to 20

days. One explanation for this may be found in the high

pH maintained in the cultures. Paul (1959), in discussing

the cell and its environment, places the optimal growth

range between pH 7.2 and 7.4. He further stated that it

is undesirable to allow the pH to deviate outside the limits

of pH 6.8 to 7.6. One of the problems encountered in tissue

culture techniques has been that of excessive fibroblastic

activity. The experiment presented here demonstrated an

overgrowth of the culture by epithelial-like cells at pH

7.8. This early activity by these cells may have contrib-

uted to the inhibition of fibroplasia.

Both media demonstrated the ability to stimulate

cellular activity. The availability of these media in ad-

dition to the extremely small amounts required by the per-

fusion chamber will make future studies much less difficult

and very economical.

It is hoped that the technique of handling large
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corneal sections in the Rose perfusion chamber will stimu-

late further experimentation to the end that keratoplasty

in the dog will become a clinical reality.



SUMMARY

The hydrogen ion concentration of canine aqueous

humor was determined in order that the media utilized in

the perfusion chambers might be adjusted to maintain an

environment similar to that enjoyed by the corneal tissues

in the normal eye.

The Rose perfusion chamber was shown to be adapt-

able to the handling of large corneal sections in tissue

culture.

Two media were used in this study; one contained

10% canine serum and 90% Mixture 199, while the other was

comprised of 10% canine serum and 90% Puck's medium. Both

media proved capable of stimulating the migration of epi-

thelial-like cells from the explant.

Uniform activity of the corneal tissue was recorded,

with migration observed as early as three hours after the

initial feeding of the explants. The greatest cellular

activity was observed to occur between the 15th and 20th

hours of culture.

Observations of the large corneal sections in tissue

culture were encouraging and hope is expressed that further

investigations will make keratoplasty a clinical reality

for the veterinarian.

25



REFERENCES CITED

Binder, R. 1952. Studien des kornealen epithels. Wien.

klin Wschr., 64:978.

Bock, R. H., and Maumenee, A. E. 1955. Corneal fluid metab-

olism. Arch. Ophth., 50:282.

Buchsbaum, R., and Kuntz, J. 1954. The effects of certain

stimulants and depressants on individual fibroblasts

in a perfusion chamber. Proc. New York Acad. Sci.

Carrel, A. 1925. A method for physiological study of tis-

sues in vitro. J. EXp. Med., 58:407.

Christiansen, G. S., Danes, B., and Allen, L. 1955. A cul-

ture chamber for the continuous biochemical and

morphological study of living cells in tissue cul-

ture. Exp. Cell Res., 5:1015.

Cockeram, Anne M., Basu, P. K., and Ormsby, H. L. 1957.

Viability of corneal epithelium and fibroblasts

after long term storage. Am. J. Ophth., 45:580.

Cockeram, Anne M., Basu, P. K., and Ormsby, H. L. 1959.

Effect of glycerin dehydration, Merthiolate, and

Zephiran on viability of cornea. Am. J. Ophth.,

47:508.

Copenhaver, W. M., and Johnson, Dorothy. 1958. Bailey's

Textbook of Histology. Baltimore: Williams and

Wilkens. ,

Draheim, J., McPherson, S. D., Jr., Evans, V. J., and Earle,

W. R. 1957. Further studies on the viability of

frozen cornea. Am. J. Ophth., 44:182.

Electra-Mechanical Development Co. 1957. Rose perfusion

chamber. EMDECO Bull., 57:1.

Epstein, D. 1959. Personal Communication.

Fowle, A. M. 0., and Ormsby, H. L. 1955. Growth of cornea

in tissue culture. Am. J. Ophth., 39:242.

26



27

Hanks, J. H. 1948. The longevity of chick tissue cultures

without renewal of medium. J. Cell and Comp. Phys-

iol., 51:235.

Hoffman, R. 8., and Messier, P. E. 1949. Mechanism of cor-

neal wound healing. Arch. Ophth., 42:140.

Jordan, H. E. 1952. A Textbook of Histology (9th Ed.).

New York: Appleton-Century-Crofts, Inc., 572.

Lewis, Margaret R., and Lewis, W. H. 1911. The cultivation

of tissues from chick embryos in solutions of NaCL,

CaC12, KLC, and NaHCO3. Anat. Rec., 5:277.

Mann, 1. 1944. Special goblet cells in the rabbit cornea

during epithelial regeneration. Brit. J. Ophth.,

28:26.

Mann, I. 1950. The Development of the Human Eye (2nd Ed.).

New York: Grune and Stratton.

Maximow, A. 1929. Uber die Entwicklung argyrophiler and

kollagener Fasern in Kulturen von erwachsenem Sauge—

tiergewebe. Ztsch. f. Micr. Anat. Forsch., 17:625.

Maximow, A., and Bloom, W. 1957. A Textbook of Histology.

Philadelphia: W. B. Saunders Co., 555.

McDonald, J. E. 1957. Early components of corneal wound

closure. Arch. Ophth., 58:205.

McPherson, S. D., Jr., Draheim, J. W., Evans, V. J., and

Earle, W. R. 1956 a. The viability of fresh and

frozen corneas as determined in tissue culture.

Am. J. Ophth., 41:515.

McPherson, S. D., Jr., Draheim, J. W., Evans, V. J., and

Earle, W. R. 1956 b. The viability of fresh and

frozen corneas as determined in tissue culture.

Naval Medical Research Institute Research Reports,

14:555.

Meirowsky, E., Behr, G., and Keys, S. 1947- Goblet cells

in rabbit cornea. Quart. J. Micro. Sci., 88:545.

Merchant, D. J., Kahn, R. R., Murphy, W. B., Jr. 1960.

Handbook of cell and organ culture. Minneapolis:

Burgess Publishing Co.



28

Morgan, J. F., Morton, H. J., and Parker, R. C. 1950, Nutri-

tion of animal cells in tissue culture: I. Initial

studies on a synthetic medium. Proc. Soc. Exp. Biol.,

75:1.

Nonidez, J. F., and Windle, W. F. 1955. Textbook of His—

tology. New York: McGraw-Hill, Inc.

Paul, J. 1959. Cell and Tissue Culture. Edinburgh: E. and

S. Livingstone, LTD.

Perry, V. P., Zink, G. A., and Hyatt, G. W. 1959. Tissue

culture studies of the stored corneal graft. Transpl.

Bull., 6:112.

Potts, A. M. 1955. Nutritional supply of corneal regions.

Am. J. Ophth., 56:127.

Potts, A. M., and Johnson, L. V. 1950. The nutritional

supply of corneal regions in experimental animals.

Am. J. Ophth., 55:405.

Prince, J. H., Diesem, C. D., Eglitis, I., and Rushell, G. L.

1960. Anatomy and Histology of the Eye and Orbit

in Domestic Animals. Springfield, Illinois: 0. C.

Thomas.

Puck, T. T., Ceiciura, S. T., and Robinson, A. 1958. Ge-

netics of somatic mammalian cells. J. Exp. Med.,

108:945.

Rose, G. 1954. A separable and multipurpose tissue culture

chamber. Texas Rep. Biol. and Med., 12:1074.

Rycroft, B. W. 1955. Corneal Grafts. London: Butterworth

and 00., LTD.

Woodin, A. M. 1952. The corneal mucopolysaccharide. Bio-

chem. J., 51:519.



SUPPLEMENTAL BIBLIOGRAPHY

Basu, P. K., Miller, 1., and Ormsby, H. S. 1957. Viability

of stored cornea of the rabbit on the chorioallantoic

membrane of the chick. Am. J. Ophth., 44:209.

Basu, P. K., Doms, M. B., and Ormsby, H. L. 1959. Identi-

fication of sex chromation in corneal stroma cells

for determination of the fate of corneal transplants.

Transpl. Bull., 6:455.

Eastcott, H. H. G., Cross, A. G., Leigh, A. G., and North,

D. P. 1954. Preservation of corneal grafts by

freezing, Lancet, 1, 257.

Fielding,‘1. L., Basu, P. K., and Ormsby, H. L. 1957.- Elec—

trophoretic studies on stored cornea. Am. J. Ophth.,

44:585.

Gunther, G. 1957. Symposium on Keratoplasty. Samm. zwang.

Abhandl. Geb. Augenheilk., 14:159. ‘

Hunenmohr, G. 1956. Der pH wert der Kornea und die Moglich-

keit zur klinischen Auswertung. Augenh. 129:58.

King, J. R., Jr. 1957. Keratoplasty: Experimental studies

with corneas preserved by dehydration. Am. J. Ophth.,

45:555.

King, J. M., Jr. 1958. Keratoplasty - experimental studies

with corneas preserved by dehydration. Tr. Am.

Ophth. Soc., 56:205.

Kornblueth, W., and Nelken, E. 1958. A study of donor-re-

cipient sensitization in experimental homologous

partial lammellar corneal grafts. Am. J. Ophth.,

45:845.

Leigh, A. G. 1958. Corneal grafting. Brit. J. Clin. Pract.,

12:529.

McNair, J. N., and King, J. R., Jr. 1955. Preservation

of cornea by dehydration. Arch. Ophth.. 55:519.

29



5O

McPherson, S. D., Jr., and Draheim, J. W. 1956. An eval-

uation of a new method for preserving corneas.

Mississippi Doctor, 54:6.

Nemetz, V. R. 1958. Biologische Untersuchungen an fiber-

lechendem Hornhautgewebe und ihre Beziehungen zur

Keratoplastik, 159:609.

Nicolato, A., and Morone, G. 1957. The lyophilized cornea

and its use in keratoplasty. Bull. Ocul., 56:5.

Perry, V. P., Zink, G. A., and Hyatt, G. W. 1959. Tissue

culture studies of stored corneal grafts. Transpl.

Bull., 6:112.

Plamandon, M. 1957. The eye bank. Laval. med., 25:569.

Sachs, A. 1957. A new medium for the storage of donor eyes

for corneal grafts. Brit. J. Ophth., 41:558.

Senoo, K. 1958. Biochemical studies of hetero-keratoplasty.

Acta Soc. Ophth. Jap., 62:665.

Thomann, H. 1957. Corneal changes: A significant symptom.

Munch. med. Wschr., 99:527.

Van Walbeck, K., and Neumann, H. 1951. Correlation between

corneal transparency and degree of hydration. Arch.

Ophth., 46:482.

Zintz, R. 1958. Zur Frage der Hornhautkonservierung in

paraffinol. Klin. Mbl. Augenh., 155:554.

 



TABLE I

QUANTIFICATION OF CELLULAR MIGRATION

 

Trial No. of Medium Results at Examination Periods (Hours)

 

 

 

 

 

 

 

 

 

Explants Used
r__

4-6 15-19 51-54 58-42 52-56

2 199 / 4+ 7+ 7+ 7+ T
2 Puck's +l 1 Puck's / 3 5+ 6+ 6+ T

no serum - - - - T

l Clot - - - - T

2 199 / 4+ 7+ 7+ Tb
2 Puck's / 4+ 6+ 6+ T

2 1 Clot - - — - T

1 199a Cornea

4+ 6+ 6+ T

Sclera

- - - - T

2 199 / 5+ 8+ 8+ T

5 2 Puck's / 5+ 7+ 8+ T

l Clot — - - -

5 199 / 5+ 7+ T

4 2 Puck's / 5+ 6+ T

5 2 199 / 5+ 7+ 7+ 8+ T

2 Puck's / 5+ 6+ 7+ 8+ T

5 199 / 5+ 8+ 8+ 8+ Tc

6 3 Puck's - 2+ 7+ 7+ 8+ Tc

2 199 / 3+ 8+ 10+ 10+d

7 1 Puck's / 2+ 8+ 8+ 8+ T

Key: / = 1 row of cells

+ = 4 rows of cells

T = Termination of Culture

a. Corneal and scleral tissue both in culture

b. One culture. Maintained for 20 days - no fibrOplasia

c. One culture. Maintained for 12 days - no fibroplasia

d. One culture. Maintained for 10 days - no fibroplasia
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TABLE II

pH DETERMINATIONS OF CANINE AQUEOUS HUMOR

 

 

 

 

 

 

 

Experimental Day

Dog 1 2 5 8 9 10 Average

Beagle R-7.79 8.02 7.87 7.76 7.74 7.76 7.82

Female pc-imm c in

2 years L-7.89 8.08 50 m 7.80 7.78 7.79 7.87

pc-imm 7.88

c in

50 m

Beagle R-7.68 c 7.65 7.66 7.85 7.85 7.75

Male c in

5 years L-7.95 C 50 m 7.74 7.77 7.76 7.77

7.64

c in

50 m

Basset R-7.82 7.65 7.92 7.91 7.88 7.87 7.84

Male

5 years L-7.98 c 8&15 7.95 7.92 7.92 7.98

8

Border R-7.7O 7.85 8.45 7.71 7.72 7.77 7.86

Collie c in

Female 50 m

1 year L—8.08 7.90 8.12 7.89 7.89 7.91 7.97

(lactating)

Boxer R-7.92 7.70 7.95 7.92 7.87 7.88 7.87

Male

8 months L—7.96 7.75 8.07 7.89 7.89 7.87 7.90

 

Key: pc

0

sh = slight hemorrhage

imm = immediate

m

R

L

partial clot

clotted

minutes

right

left

52



Figure 1

ROSE PERFUSION CHAMBER WITH EXPLANT

X1.8

Bottom view of chamber showing grooves 180° apart, through

which needles are inserted for feeding. The explant was

centered in the chamber for uniform exposure of the cells

to the medium.
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Figure 2

FIVE HOUR CULTURE

X447

Cellular activity is shown to be present both on the surface

and from the cut edge of the explant.

Figure 5

FIFTEEN HOUR CULTURE

x447

Epithelial surface of the explant gives evidence of cellular

" .

PaCklng.” As many as 20 rows of cells may now be observed

in the clot.
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Figure 4

THIRTY-ONE HOUR CULTURE

X447

Epithelial—like cells have migrated to the edge of the clot.

The packed appearance can only be visualized photographicaLUr

in one dimension.

Figure 5

THREE HOUR CULTURE

Phase Contrast X495

A typical view of the young cell forms observed in cultures

fed with either Mixture 199 or Puck's medium, showing the

very early appearance of cellular activity at the explant

edge.
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Figure 6

TEN HOUR CULTURE

Phase Contrast X495

Epithelial—like
cells are shown in various stages of activ-

ity. True epithelial cells are now observed.

Figure 7

ELEVEN HOUR CULTURE

Phase Contrast X495

Changes in cellular positions within the field are noted

and the area near the explant has become more dense.
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Figure 8

TWELVE HOUR CULTURE

Phase Contrast X495

Further cellular movement can be observed and the area near

the explant appears to have a more dense background.

Figure 9

TWENTY HOUR CULTURE

Phase Contrast X495

Sheets of cells have created a dense field near the explant,

and the nuclear activity is most prominent in the cells

furthest from the explant.
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Figure 10

EPITHELIAL SHEET

Mature epithelial cells forming a sheet on the chamber cover-

slip. May-Grflnwald-Giemsa; X1117.

Figure 11

EPITHELIAL—LIKE CELLS IN CLUMPS

Clumping of epithelial cells on the chamber coverslip.

May-Grflnwald-Giemsa; X1117.
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