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Biologic Features

Primary open angle glaucoma in man is a leading
cause of blindness and visual impairment in the
United States. This type of glaucoma is the most fre-
quent in human adults, occurring in 2% of the popu-
lation over 40 years of age. Blindness resulting from
glaucoma is estimated to occur in 0.5% of persons in
the United States.'

Investigations in glaucoma have been hampered by
a lack of suitable spontaneous animal models. Past
experimental methods to produce glaucoma in labor-
atory animals yielded variable results; some methods
failed, while others produced transient to prolonged
elevations in intraocular pressure. Unfortunately all
methods resulted in varying amounts of inflamma-
tion.2

Recently glaucoma following the intraocular injec-
tion of a-chymotrypsin in rabbits, owl monkeys, and
dogs was investigated, following reports of a tran-
sient elevation in intraocular pressure in man after in-
tracapsular extractions with a-chymotrypsin.3-5 Ex-
perimental glaucoma was produced in the rhesus
monkey by repeated circumferential argon laser pho-
tocoagulation of the trabecular meshwork area of the
anterior chamber angle6 and intracameral injections
of autologous fixed red blood cells.7

Spontaneous glaucoma in the New Zealand rabbit
has been studied for nearly two decades, although re-
ported in 1886. The glaucoma appears associated
with congenital goniodysgenesis.8

Since 1972 our laboratories have established a
strain of beagles with glaucoma.9 Breeding experi-

ments, still in progress, suggest an autosomal reces-
sive inheritance. The elevation in intraocular pressure
develops bilaterally in beagles at 1-2 years of age;
tonographic recordings and constant pressure perfu-
sions indicate a concurrent reduction in the coeffi-
cient of aqueous humor outflow.

Intraocular pressure, as measured by applanation
tonometry, reveals a chronic insidious glaucoma
(IOP 30 to 40 mm Hg). Mean coefficients (,ll/mm
Hg/min) for aqueous outflow in normal dogs are
0.24 (SD ± 0.07) compared to 0.13 (SD ± 0.05) in
beagles with glaucoma at 4-6 months of age, which
eventually decreases to 0.07 (SD ± 0.03) at 31-36
months of age. Gonioscopically the disease has two
phases: open iridocorneal angle during the onset and
the first 2-4 years of the disease and closed iridocor-
neal angles associated with lens subluxation and dis-
placement from the patella fossa.1 0- 1 2
Changes of the optic disc include cupping and

eventually atrophy. Buphthalmia, cataract forma-
tion, vitreous syneresis, and eventually phthisis bulbi
are additional effects.

Beagles with glaucoma have also demonstrated
greater sensitivity to selected drugs that reduce intra-
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Figure 1-Sagittal section of a 32-month-
old beagle with glaucoma. The iridocorneal
angle and sclerociliary cleft are open and
the trabecular meshwork is normally devel-
oped. (SEM, x 131)

ocular pressure, eg, pilocarpine, epinephrine, dipiv-
alyl epinephrine, acetazolamide, ethoxzolamide,
methazolamide, and dichlorphenamide. 13-16 Intra-
ocular pressure in these affected dogs decreased to a
greater extent in both mm Hg and percentage of drop
than normal dogs. Water loading also produces
abrupt elevations in intraocular pressure of a greater
magnitude and a longer period of time than in nor-
mal control Beagles. 17 Serum cortisol in beagles with

V

Figure 2-Frontal section of a 32-month-
old beagle with glaucoma. The iridocorneal
angle is open and pectinate ligaments nor-
mal (arrows) = Iris; C = posterior cornea.
(SEM, x 125)

glaucoma is higher than control dogs but within the
normal range for the radioimmunoassay test. These
slightly increased cortisol levels coincided with in-
creases in the diurnal changes in intraocular pressure
in the glaucomatous beagles.'7
The cause for the initial elevation in intraocular

pressure has not been ascertained by light microscopy
and scanning electron microscopy.'9 The iridocor-
neal angle appears normally developed and devoid of
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Figure 3-Advanced glaucoma in a beagle with a closed iridocorneal angle and collapsed scierociliary cleft. (H&E, x 132)

congenital anomalies (Figures 1 and 2). Additional
light-microscopic, histochemical, and transmission
electron-microscopic studies are in progress.
As the glaucoma progresses, the iridocorneal angle

closes and the sclerociliary cleft collapses (Figure 3).
Peripheral anterior synechiae attenuate the outflow
channels. These changes also impair the outflow of
aqueous humor through the conventional trabecular
and the unconventional uveoscleral pathways.

Other microscopic changes in moderately advanced
glaucoma include optic atrophy with extensive demy-
elination, infiltration with pigment cells, excavation
of the optic disk, and prominence of the optic nerve

septums.

Comparison With Human Disease

Because the dog exhibits spontaneous glaucoma,
second in frequency to that in humans, investigation
in this species is timely. Inherited glaucoma in
beagles is similar to primary open angle glaucoma in
man initially and later in the advanced disease to
chronic narrow angle glaucoma. Possible corticoste-
roid metabolic changes in beagles with glaucoma may

be useful for further investigations, because persons
with primary open angle glaucoma also exhibit corti-
costeroid metabolic abnormalities.

Usefulness of the Model

Aqueous dynamics and outflow pathways and vas-

cular routes have been investigated in the dog only re-

cently. The dog has an intrascleral plexus, rather
than Schlemm's canal. The significance of this ana-

tomic difference is unknown and may be minor, be-
cause the site of impediment for aqueous humor out-
flow may involve predominantly the trabecular
meshwork.
The use of dogs with spontaneous glaucoma may

permit essential studies of aqueous humor dynamics,
outflow pathways, pharmacologic trials, and changes
in the optic disk and nerve that occur in glaucoma.

Availability

Colony size is limited; however, cooperative
studies with other investigators may be possible with
ongoing studies.
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