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The purpose of the study was to investigate the presence of the uveoscleral pathway in the normotensive rat (NR) and
in a rat model of congenital glaucoma (CGR). We injected the fluorescent tracer 70-kDa dextran rhodamine B in the
anterior chamber of four NRs and four CGRs. At 10 and 60 minutes after injection, rats were euthanized by CO,
inhalation and eyes were enucleated. Cryosections were prepared and analyzed using fluorescent microscopy.
Hematoxylin-eosin staining and electron microscopy of the anterior chamber angle (ACA) were performed. At 10
minutes after injection, fluorescent tracer was detected in the iris root and ciliary processes of NRs and CGRs. At 60
minutes, NRs showed prominent signal in the suprachoroidal, whereas, in the CGRs, tracer was barely detectable.
Histology of the anterior chamber revealed the presence of an open ACA and electron microscopy confirmed the normal
structure of the ciliary body in CGRs. Conclusions: Our results document the presence of an uveoscleral pathway in the
normotensive rat. The rat model of congenital glaucoma shows severe impairment of the uveoscleral pathway,

suggesting that alterations of the uveoscleral outflow might play a role in the pathogenesis of CG.
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INTRODUCTION

Aqueous humor drainage from the anterior chamber
predominantly consists of two routes: the conventional
trabecular meshwork pathway and the uveoscleral outflow
pathway (1). The uveoscleral pathway is a drainage route for
aqueous humor from the anterior chamber that successively
includes extracellular spaces within the iris root, the ciliary
muscle, the anterior choroid and suprachoroidal space, and the
adjacent sclera. Experimental studies demonstrated the presence
of an uveoscleral pathway as a secondary drainage mechanism
for aqueous humor in humans, monkeys, rabbits, dogs, pigs and
mice (1-4). Published data suggest that it accounts for less than
15% of the total outflow in humans, but it varies considerably in
other mammals; it represents 40-60% of the total outflow
facility in monkeys, whereas it is significantly less in cats and
rabbits (3—8%) (5).

We investigate the presence of an uveoscleral pathway in
the normotensive rat (NR) as well as in a rat model of
congenital glaucoma (CGR). The glaucoma rat strain used in
our experiments is characterized by prominent buphthalmos
and middle-wide anterior chamber with open irido-corneal
angle, as well as by atrophied optic nerve head, resembling
human inherited buphthalmos (6, 7). The colony has been
established as a regular breeding strain over 8 years and retinal
ganglion cell pathology as well as proteomic analysis of the
glaucomatous damage occurring in this model is well
documented (8, 9).

MATERIALS AND METHODS

Intraocular pressure (IOP) was measured under topical
anesthesia. One drop of proparacaine 0.5% was administered in
each eye before IOP measurement (URSA-Pharm, Saarbrucken,
Germany). All measurements were performed in a single session
between 9:00 a.m. and 12:00 p.m. with the aid of Tono-Pen XL
(Reichert Technologies, NY, USA). At least 10 IOP readings
were recorded and averaged for each eye.

All rats were anesthetized by a peritoneal injection of a
mixture of ketamine-sulfate (40 mg/kg) and xylazine (10 mg/kg).
Under an operation microscope, with the aid of a glass
micropipette, 2 pL of 0.2 pg/uL of the fluorescent tracer 70-kDa
dextran rhodamine B (Invitrogen, OR, USA) were injected in the
anterior chamber of the left rat eye in four NRs as well as in four
CGRs. Prior to the dextran rhodamine B injection, a similar
quantity of aqueous humor was aspired from the anterior
chamber. Postoperatively, gentamycin ointment was applied
once. After survival times of 10 and 60 minutes the rats were
euthanized by CO, inhalation. Eyes were enucleated,
cryosections (12 pm) were prepared and analysed using
fluorescent microscopy. Sixteen cryosections from the NRs (four
from each rat) and sixteen cryosections from the CGRs (four
from each rat) were processed with the Axiovision version 4.8.1
software program (Carl Zeiss, Jena, Germany) and further
analyzed for quantification of the fluorescence intensity using the
free-share ImagelJ software program (NIH, Bethesda, Maryland,
USA). Statistical analysis was performed by an experienced
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independent investigator with the aid of SPSS software program Paraffin sections were stained with haematoxylin and eosin and
version 17.0, using the Mann-Whitney test. P values below 0.05 examined by light microscopy for comparison. All procedures
were considered statistically significant. Data are represented as were performed in accordance with the ARVO guidelines on the
mean +standard error of the mean in arbitrary units (AU). use of animals in research.

Fig. 1. Haematoxylin-eosin
staining. Anatomy of the ciliary
body and suprachoroidal space in
the rat with congenital glaucoma.
Histology reveals the presence of
an open, middle-wide anterior
chamber angle (Fig. 14, 1B). The
ciliary body appears to have a
normal structure in electron
microscopy (Fig. 1C, 1D).

CB: ciliary body; S: sclera; R:
retina; ACA: anterior chamber
angle.

Fig. 2. Anatomy of the anterior chamber angle in the normal rat (4) and in the rat with congenital glaucoma (B). The normal rat
demonstrated a well-structured trabecular meshwork, which was not the case in the rat with congenital glaucoma.
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Fig. 3. Fluorescent microscopy of the ciliary body and suprachoroidal space after fluorescent dextran injection in the anterior chamber
of normotensive rats and rats with congenital glaucoma. The red arrows indicate the fluorescent signal due to dextran. Ten minutes
after the fluorescent tracer injection we detected a prominent fluorescent signal in the iris root and the iris ciliary processes of the NR
group (Fig. 34), whereas the fluorescent staining in the CGR group had similar distribution but the signal intensity was reduced (Fig.
3C). Sixty minutes after the fluorescent tracer injection we detected an intense signal between the choroid and sclera of the NR group
(Fig. 3B), while fluorescent staining in the suprachoroidal space of the CGR group was almost absent (Fig. 3D).

NR: normotensive rats; CGR: rats with congenital glaucoma; CB: ciliary body; CP: ciliary processes; S: sclera; R: retina

RESULTS

Four 1.5-year-old animals were used for experiments in each
group. The IOP was 14.6+2.2 mm Hg in the NR group and
34.4+6:1 mm Hg in the CGR group. Corneal diameter was
6.7£0.1 mm in the NR group and 10.2+1.4 mm in the CGR

group.

The anterior chamber angle (ACA) in the rat eye is well
described and displays great structural and functional
similarities to the corresponding area of the human eye (10). The
structure of ciliary body and the suprachoroidal space in the rat
model of congenital glaucoma was depicted in paraffin eye
sections stained with haematoxylin and eosin (Fig. /). Histology
revealed the presence of an open, middle-wide anterior chamber



396

angle (Fig. 14, 1B). However, the NR group demonstrated a
well-structured trabecular meshwork, which was not the case in
the CGR group (Fig. 2).

The ciliary body showed a regular micro-structure in electron
microscopy (Fig. IC, 1D). All glaucomatous eyes showed similar
findings.

Fluorescent microscopy of eye sections prepared 10 minutes
after the fluorescent tracer injection revealed a prominent
fluorescent signal in the iris root and the iris ciliary processes of
the NR group (Fig. 34), whereas the fluorescent staining in the
CGR group had similar distribution, but the signal intensity was
reduced (Fig. 3C). Examination by fluorescent microscopy of
sections prepared 60 minutes after the fluorescent tracer
injection revealed an intense signal between the choroid and
sclera of the NR group (Fig. 3B), while fluorescent staining in
the suprachoroidal space of the CGR group was almost absent
(Fig. 3D). The fluorescent signal in iris root and ciliary
processes was significantly reduced. Fluorescence was not
observed in the anterior segment of the contralateral eye in both
groups.

Semi-quantitative analysis of the fluorescence intensity
revealed a mean intensity of 2.8+0.4 for the NRs, whereas the
mean intensity for the CGRs was 0.6+0.3 (p<0.001). There were
no statistically significant differences in fluorescence intensity
between the NRs or between the CGRs.

DISCUSSION

Uveoscleral pathway is a secondary aqueous humor
drainage route, which has been well established in humans,
monkey, mouse and many other mammals by use of fluorescent
dextran as a marker for the aqueous humor dynamic flow.
Histological studies have revealed that no epithelial barrier
exists between the anterior chamber and the supraciliary space
(11). For this reason alone, it is concluded that the rate at which
substances pass from the anterior chamber into the supraciliary
space depends on the permeability of the ciliary muscle (11).
The contribution of the uveoscleral pathway to the total aqueous
humor outflow as well as the rate of uveoscleral drainage is
varying significantly among different species (11). However,
there is only limited evidence regarding the physiology of
uveoscleral pathway in the rat (12, 13).

Several diverse tracers have been used in different species to
delineate the uveoscleral outflow pathway. Fluorescent dextrans
are extremely stable in vivo and in vitro, characterized by only
minimal tissue binding properties and therefore suitable as
markers for the functional documentation of the aqueous humor
outflow (14, 15).

In the present study, following a 70-kDa dextran rhodamine
B injection in the anterior chamber of NRs and CGRs,
fluorescent was observed after 10 minutes in the iris root and
ciliary processes of both groups, although signal intensity was
decreased in the CGR group. Fluorescent staining in the
suprachoroidal space was detectable at 60 minutes after the
initial injection only in the NR group. The fluorescent signal in
the CGR group was almost absent. The absence of fluorescence
in the iris root and ciliary processes after 60 minutes in both
groups indicates that tissue binding of the dextran was minimal
and the progression of the fluorescent tracer reflects indeed the
aqueous humor drainage from the anterior chamber.

Anatomy of the ACA did not appear to differ significantly in
CGRs when compared to NRs, as examined by hematoxylin-
eosin stainining. However, the trabecular meshwork in the
iridocorneal angle was not well-structured. The fact that
anatomical integrity of the trabecular meshwork was not
preserved in the CGR group, which is in agreement with the

findings of Tawara and Inomata, who documented that
developmental immaturity of the trabecular meshwork may be
one the primary causes of increased intraocular pressure in
congenital glaucoma (16). Electron microscopy revealed the
presence of normal micro-structure of the ciliary body in CGRs.

Our study did not reveal any anatomical changes that may
account for the functional impairment of the uveoscleral
pathway in the CGR group. However, based on the fact that
subcanalicular accumulation of extracellular matrix is one of the
main causes of congenital glaucoma (17), we assume that
potential deposition of abnormal tissue in the suprachoroidal
space may contribute to the dysfunction of the uveoscleral
pathway. However, this hypothesis requires further
investigation. Moreover, preliminary data demonstrate potential
impairment of the optic tract input to the intergeniculate leaflet
of the thalamus, which is normally mediated by glutamate acting
via non-NMDA ionotropic receptors (18) and it is associated
with the visuomotor and sleep/arousal systems (19).

The results of our study document the presence of the
uveoscleral pathway in the normal rat and reveal an impairment
of this drainage route in our rodent model of CG. It seems that
dysfunction of the uveoscleral pathway might play an additional
role in the pathogenesis of CG and therefore further
investigation of the uveoscleral mechanism in CG would be of
paramount importance.
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