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Establishment of an experimental glaucoma animal
model: A comparison of microbead injection with
or without hydroxypropyl methylcellulose
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Abstract. The present study aimed to compare microbead
injection with and without hydroxypropyl methylcellulose
(HPM) in order to establish an experimental animal model
of glaucoma. This model was established in C57BL/6 mice
and transgenic mice expressing cyan fluorescent protein (CFP)
under the control of the Thyl promoter in retinal ganglion
cells (RGCs). C57BL/6 mice aged between 12 and 20 weeks
old were randomly separated into three groups, which received
different injections into the anterior chamber of the eye. Group
A (microbead) received 2 pl microbeads (10x10° beads/ml)
and 1 pl air. Group B (microbeads + HPM) received 2 ul
microbeads and 1 1 HPM. Group C (control group) received
2 ul PBS and 1 pl air. The intraocular pressure (IOP) was
measured with a tonometer under topical anesthesia daily for
1 month. A single injection of microbeads, with or without
HPM, induced consistent IOP elevation when compared with
the control group. Thyl-CFP mice received an injection of 2 pl
microbeads and 1 1 HPM into the anterior chamber of the
eyes, and the number of CFP* RGCs was subsequently assessed
in vivo by confocal scanning laser microscopy in the same
area of the retina weekly for 6 weeks. The results from in vivo
imaging of Thyl-CFP mice were comparable with the immu-
nohistochemical staining results from the C57BL/6 mice. The
combined injection of microbeads and HPM induced longer
and higher peaks of IOP elevation when compared with the
microbeads alone. The rate of RGC loss following the admin-
istration of microbeads alone was 25.0+1.3% 6 weeks after
the initial IOP elevation, while it was 33.2+1.9% following the
administration of microbeads + HPM. These results indicate
that the injection of microbeads + HPM is a more effective
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method of establishing a mouse model with chronic elevation
of IOP. In addition, the in vivo imaging that can be used with
this technique provides an effective and noninvasive approach
for monitoring the progress of RGC loss.

Introduction

Glaucoma, a leading cause of blindness worldwide, is charac-
terized by the degeneration of retinal ganglion cells (RGCs)
and their axons (1-4). It is estimated that, by 2020, >80 million
people will be affected worldwide, with at least 6 to 8 million
of them becoming bilaterally blind (5). Current glaucoma
therapies target the reduction of intraocular pressure (IOP),
but since RGC death is the cause of irreversible vision loss,
neuroprotection may be an effective strategy for glaucoma
treatment (5). Various methods have been used to establish
animal models for the study of glaucoma. Due to elevated
intraocular pressure (IOP) being well recognized as the sole
modifiable risk factor for the development of glaucoma in the
majority of cases (3,6-13), the establishment of animal models
with chronic elevated IOP is favorable for simulating the
pathogenesis of glaucoma.

Elevated IOP is typically caused by excessive aqueous
humor production, aqueous humor outflow resistance or
increased episcleral vein pressure (14). Different methods of
targeting the latter two pathways, in order to cause elevated IOP,
have emerged, each with benefits and limitations. For example,
cautery of the episcleral vessels may damage the intraocular
hemal circumfluence, leading to increased congestive IOP, but
it may also cause ocular ischemic disease (15-17). Episcleral
vein sclerosis induced by hypertonic PBS (18) is considered to
be a suitable model for chronic elevated IOP in rodents (19,20),
but imposes technical issues due to the injection procedure
and the non-uniformity of the elevation in IOP. Direct burning
of the trabecular meshwork with a laser is another effective
way of increasing IOP, but it requires advanced technical skills
and repeated laser photocoagulation of the trabecular mesh-
work or the trabecular meshwork and episcleral veins (21,22).
Therefore, to the best of our knowledge, no comprehensive
animal models of glaucoma currently exist.

A microbead method for injecting substances into the
anterior chamber of the eye to create a trabecular meshwork
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channel blockade was developed by exploiting methods
used for injecting ghost red blood cells (23) and latex
microspheres (24-28). This injection raises the IOP and is
accompanied by the degeneration of RGCs and axons (17,29).
However, repeated injections increase the risk of hitting and
damaging intraocular tissues and causing interexperimental
variability. The present study aimed to improve this microbead
injection procedure to achieve an animal model of glaucoma
that exhibits a longer and more consistent elevation in IOP.

The construction of an animal model of chronic glaucoma
to enable the study of the degree and pattern of RGCs loss
would ideally incorporate the ability for continuous observa-
tion. However, the quantification of RGCs is most commonly
performed by histological analysis of fixed retinal tissue, which
is laborious and requires the sacrifice of animals for analysis
at each time point. This limitation may be overcome in mouse
models by the use of confocal scanning laser ophthalmoscopy
(cSLO) and the fluorescent protein-labeling of RGCs (30).
The aim of the present study was to characterize and compare
the RGC loss in Thyl-cyan fluorescent protein (Thyl-CFP)
-expressing mice and C57BL/6 mice.

The present study evaluated a modified intracameral
microsphere injection technique, in which microspheres are
suspended in an ophthalmic viscosurgical device (OVD)
to induce IOP elevation in C57BL/6 and Thyl-CFP mice.
Whether this modified approach may effectively produce a
mouse glaucoma model with chronic and sustained IOP eleva-
tion was investigated. In addition, the RGC loss observed in
Thyl-CFP mice and C57BL/6 mice was compared.

Materials and methods

Animals. A total of 91 mice (86 C57BL/6 and 5 Thyl-CFP
mice purchased from the Animal House of Central South
University, Changsha, China). The Thyl-CFP mice were
also C57BL/6 mice) aged between 12 and 20 weeks old and
weighing 25-40 g were used in the present study; Both male
and female were used for analysis (n=86 C57BL/6 51 male,
35 female; n=5 Thyl-CFP, 5 male). The mice were housed
in a standard animal room, with food and water provided
ad libitum. A constant environment was maintained, with a
12-h light/dark cycle (illumination time 6:00-18:00), a relative
humidity of 50+5%, a temperature of 20+3°C and 40«10 db
background noise. All experimental procedures adhered to the
ARVO (Association of Research in Vision and Ophthalmology)
Statement (31) for the Use of Animals in Ophthalmic and
Vision Research. The present study was approved by the
Ethics Committee of the Second Xiangya Hospital of Central
South University (Changsha, China).

Groupings. The mice were allocated into four experimental
groups, which were injected with different mixtures into
the anterior chamber in right eye. Experimental group A
(microbead) contained 34 randomly allocated C57BL/6
mice, which were injected with 2 ul of 15 gm microbeads
(10x10° beads/ml; FluoSpheres Polystyrene Microspheres;
cat. no. F21012; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) and 1 ul of air. Experimental group B [micro-
beads + hydroxypropyl methylcellulose (HPM)] contained
33 randomly allocated C57BL/6 mice, which were injected
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with 2 ul of the microbeads (10x10° beads/ml) and 1 ul of 2%
HPM (Methocel; Novartis Pharma S.A.S., Rueil-Malmaison,
France). Control group C (control) contained the remaining
19 C57BL/6 mice, which received an injection of 2 ul
PBS and 1 ul air. The live imaging group contained the 5
Thyl-CFP mice, which received injections of 2 xl microbeads
(10x10° beads/ml) and 1 ul HPM.

Microbead injection. The mice were injected as described
previously (32) with modifications. Prior to surgery, the mice
were anesthetized with an intraperitoneal injection of Avertin
(0.5 ml/20 g; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) and the local application of 0.5% proparacaine
hydrochloride ophthalmic solution (Bausch & Lomb
Pharmaceuticals, Tampa, FL, USA) to each eye. Subsequently,
0.5% tropicamide ophthalmic solution (Bausch & Lomb
Pharmaceuticals) was used to dilate the pupils of both eyes.

Anterior chamber paracentesis was performed using a
sterile 32-gauge needle. A corneal incision was made and the
aqueous humor left to drain out as much as possible in order
to obtain enough space for microbeads. A Hamilton syringe
(Hamilton Company, Reno, NV, USA) was used to inject the
microbeads + air, microbead + HPM or PBS + air. The fluid
was injected slowly and steadily into the anterior chamber over
60 sec, and the empty syringe was left in the anterior chamber
for a further 60 sec. Following surgery, 0.5% erythromycin
ophthalmic ointment (Bausch & Lomb Pharmaceuticals) was
applied to each eye.

Animal acclimatization and IOP measurements. The method
used for animal acclimatization and IOP measurements has
been described previously (32). Animal behavioral training
was completed in two phases. In the 1-week-long initial phase,
the mice were held in the experimenter's hands for 15-20 min
every day and acclimated to the dropping of anesthetic or
PBS into each eye. In the 10-day-long second phase, the mice
were acclimatized to daily IOP measurements under topical
anesthesia by the application of 0.5% proparacaine hydrochlo-
ride ophthalmic solution (Bausch & Lomb Pharmaceuticals,
Tampa, FL, USA). A TonoLab rebound tonometer (Icare
TONOLAB tonometer; Colonial Medical Supply, Windham,
NH, USA) and topical anesthesia were used to obtain nonin-
vasive IOP measurements, which were performed at the same
time every day to avoid pressure fluctuations associated with
circadian rhythm and light/dark cycles (33). The daily experi-
mental IOP measurements began 24 h after the first microbead
injection and continued for 1 month.

Anterior segment imaging. Microbead distribution was
recorded 3 days after injection by obtaining anterior segment
images with a High Definition CMOS Color camera (Olympus
Corporation, Tokyo, Japan) attached to a DMRA2 fluorescent
microscope (Leica Micro Systems, Ltd., Milton Keynes, UK;
magnification, x200). The mice were kept under general anes-
thesia (Avertin; 0.5 ml/20 g) during imaging.

Frozen sectioning for anterior chamber angle measurements,
retinal histology and immunohistochemistry. From each
group, mice were randomly selected and sacrificed by an over-
dose of CO, or 6 weeks after the initial injections. Mice were
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Figure 1. Distribution of microbeads in the anterior chamber of the eye following injection. (A) Microbead injection group. (B) Microbeads + HPM injection
group. More microbeads entered the Schlemm's canal in the microbeads + HPM injection group. (C) Accumulation of microbeads in the anterior chamber
angle and Schlemm's canal (arrows) in the microbeads + HPM group. Magnification, x200; scale bar=50 ym. HPM, hydroxypropyl methylcellulose.

placed into a transparent 50x26x20 cm chamber and 100%
CO, were infused into the chamber at 6 lpm rate. Once mice
had ceased to breathe, they were left for at least 1 min before
being removed from the chamber and the absence of heartbeat
confirmed mice had succumbed to CO, overdose. The eyes
were removed quickly by pinching off the optic nerve and
then washed in PBS three times (10 min/wash). The eyeballs
were dissected into two parts 1 mm behind the corneal limbus.
The anterior segments were coated with optimum cutting
temperature reagent (Sakura Finetek USA, Inc., Torrance,
CA, USA) and then snap-frozen in liquid nitrogen and cut into
50-pum-thick sections. Images of the anterior chamber angle
sections were obtained with a bright-field microscope High
Definition CMOS Color camera.

The retinas were separated from the posterior segments and
placed in 4% paraformaldehyde fixative (Electron Microscopy
Sciences, Hatfield, PA, USA) for 30 min, rinsed three times
with PBS (10 min/wash) and then incubated in 30% sucrose
solution overnight at 4°C. The samples were again rinsed three
times in PBS (10 min/wash) and blocked with 10% normal
donkey serum diluted in PBS (Jackson Inmuno Research
Labs, West Grove, PA, USA) for 8 h at 4°C. Goat anti-POU
domain class 4 transcription factor 2 (Brn3b: A RGC specific
marker (34); catalog no. sc-31989; Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) primary antibody was diluted 1:100
in PBS and donkey anti-goat Texas Red secondary antibody
(Molecular Probes; Thermo Fisher Scientific, Inc.) was
diluted 1:50 in 10% normal donkey serum (Jackson Inmuno
Research Labs). The retinas were incubated for 6 days at
4°C with the primary antibody, washed three times in PBS
(10 min/wash). Subsequently, the retinas were incubated for
24 h at 4°C with the secondary antibody, washed three times
in PBS (10 min/wash) and flat-mounted on a glass slide with a
coverslip (Thermo Scientific Shandon ColorFrost Plus slides;
Thermo Fisher Scientific, Inc.).

Each retina was divided into four optic-nerve-centered
sections. From each quadrant, three areas were selected, at
1/6, 1/2 and 5/6 retinal radiuses away from the optic nerve.
Images were obtained with a 10x20 fluorescence microscope
(DMI6000B; Leica Micro Systems, Ltd.). All Brn3b-positive
RGC:s in each area were counted. The percentage of RGC loss
was calculated as follows: RGC loss (%)=(number of RGCs

in experimental group eyes/number of RPGs in control group
eyes) x100. The number of Brn3b-positive RGCs was counted
manually using the Cell Counter plugin for Image J (Imagel
1.43 u; National Institutes of Health, Bethesda, MD, USA).

Live imaging by confocal scanning laser microscopy. The
Thyl-CFP mice were anesthetized with isoflurane (2%; MWI
Veterinary Supply, Inc., Meridian, ID, USA) in 95% O, and
5% CO,, and placed on a temperature-controlled heated
platform at 38°C. Topical tropicamide and 1% atropine sulfate
ophthalmic solution (both Bausch & Lomb Pharmaceuticals)
were used to dilate the pupils. A drop of hypromellose (2.5%;
Akorn Pharmaceuticals, Lake Forest, IL, USA) was placed in
the eye and a glass coverslip was placed over it to create a
planoconcave lens on the mouse cornea for in vivo imaging.
An LSM 5 Exciter Laser scanning confocal system (Carl Zeiss
Inc., Thornwood, NY, USA) was modified (using an Axioskop
2 upright microscope equipped with a LSM 5 Exciter Laser
scanning confocal system) to visualize CFP [blue-light cSLO
(bCSLO); 460 nm excitation and 490 nm detection]. The
number of CFP* RGCs in the same area of the retina were
assessed in vivo once a week for 6 weeks.

Statistical analysis. Data were recorded in Microsoft Excel
2003 (Microsoft Corporation, Redmond, WA, USA) and
analyzed using the Student's t-test (a=0.05). Data are expressed
as the mean + standard deviation. P<0.05 was considered to
indicate a statistically significant difference.

Results

Microbeads block the outflow of aqueous humor. The present
study adopted and modified a method of inducing elevated
IOP by injecting the anterior chamber of the eye with micro-
beads and HPM. The injected microbeads accumulated at the
angle of the anterior chamber, blocking the outflow of aqueous
humor (Fig. 1A and B). Vertical sections through the anterior
segment revealed microbeads clustered near the iridocorneal
angle (Fig. 1A and B). These observations demonstrate that
the microbeads moved with the aqueous humor towards the
trabecular meshwork. In addition, more microbeads entered
the Schlemm's canal in the microbead + HPM injection group
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Figure 2. Assessment of IOP elevation following the injection of microbeads or microbeads + HPM. Microbeads and microbeads + HPM injection induced
IOP elevation, but the microbeads + HPM injections induced a longer and higher peak of IOP elevation compared with microbeads alone. Compared with
the control group, an elevation in IOP was induced within 2 days after injection in the microbeads and microbeads + HPM groups. Data are presented as
mean =+ standard deviation. "P<0.05 vs. microbeads group. “P<0.05 vs. microbeads + HPM group. Magnification, x200. IOP, intraocular pressure; HPM,

hydroxypropyl methylcellulose.

compared with the group injected with microbeads alone
(Fig. 1A and B). No inflammatory responses (opaque cornea,
edema, iris exudation or cloudy anterior chamber) or overt
damage were observed in the anterior chamber of the eye in
mice injected with microbeads alone or microbeads + HPM

(Fig. 1).

Microbead injection significantly increases the IOP of mice.
The IOP of the mice as measured every day following the
microbead injections. The control mice that received an injec-
tion of PBS exhibited a steady IOP level (14.1+0.2 mm Hg)
throughout the experimental period. Compared with the
control group, an elevation in IOP was induced within 2 days
after injection in the microbead and microbeads + HPM
groups. There were significant differences in the microbead
group compared with the control on days 2-31 (P<0.05;
Fig. 2), and there were also significant differences between
the microbeads + HPM group and control on days 2-31
(P<0.05; Fig. 2). The elevated IOP levels were maintained
for ~2 weeks, reaching a peak of 23.8+2.7 mmHg 5-7 days
after injection (Fig. 2). The mean IOP in the microbead
group was 18.0+3.4 mmHg throughout the experimental
period from day 0-31, which was significantly increased by
1.3 times, compared with the control group (18.0+3.4 mmHg
vs. 14.0+0.2 mmHg; P<0.05).

Microbead + HPM injection is significantly more effective
compared with microbeads alone for elevating IOP. An injec-
tion of microbeads + HPM induced an IOP elevation that lasted
for 4 weeks, 2 weeks longer compared with that observed in
the microbead alone group. For the first 7 days after injec-
tion, the microbeads + HPM group exhibited IOP elevation
kinetics that were similar compared with those of the micro-
bead-injected group. However, following day 7, the IOP level
in the microbead + HPM injected group continued to increase,
reaching a peak of 25.4+2.1 mmHg 7-8 days after injection
(Fig. 2). The mean IOP in the microbeads + HPM group was
21.3+3.4 mmHg during the experimental period, which was
significantly increased by 1.5 times compared with the control

group (21.3+3.4 mmHg vs. 14.0+£0.2 mmHg; P<0.05). All 67
mice that received microbead or microbead + HPM injections
into the anterior chamber of the eye exhibited significant
IOP elevation when compared with the PBS-injected control
group (P<0.05). This indicates that injection of microbeads
or microbeads + HPM into the anterior chamber of the eye
effectively induces a durative and reversible elevation of IOP
in mice. The microbead + HPM injection was more effective
compared with microbeads alone, as it induced a longer and
higher peak of IOP elevation compared with the injection with
microbeads alone.

RGC death is increased by microbead and micro-
bead + HPM injection. RGC loss, another hallmark of
glaucoma, was evaluated by quantifying RGC numbers in
a retinal whole mount following the elevation of IOP. The
mice injected with microbeads or microbeads + HPM were
sacrificed 3 and 6 weeks following the initial injection.
The Brn3b labeling revealed a reduction in the number
and density of RGCs in the eyes that were injected with
microbeads or microbeads + HPM when compared with the
control group (Fig. 3A). IOP elevation induced a significant
reduction in RGC density (Fig. 3B, C, E and F). The analysis
of RGC density in microbead or microbeads + HPM groups
demonstrated that IOP elevation induced RGC death and that
the extent of RGC death was greater in eyes injected with
microbeads + HPM compared with microbeads alone when
the whole retina was taken into account. The extent of RGC
death following the injection of microbeads was 14.2+0.8%
at 3 weeks and 25.0+1.3% at 6 weeks (Fig. 3G). RCG death
following injection of microbeads + HPM was 19.1+1.3% at
3 weeks and 33.2+1.9% at 6 weeks (Fig. 3G). Thus, RGC
death was significantly higher in the microbeads + HPM
at 3 weeks and 6 weeks after injection compared with the
microbead group (both P<0.05).

Microbead + HPM injection technique allows the in vivo
assessment of RGC numbers in Thyl-CFP mice. The mini-
mally invasive nature of the technique used in the present
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Figure 3. Quantification of RGC loss in mice following the injection of microbeads or microbeads + HPM. Distribution of Brn3b*RGCs in the ganglion cell
layer of the retina in the (A) control group 6 weeks after injection, (B) microbeads group 3 weeks after injection, (C) microbeads group 6 weeks after injection,
(D) control group 6 weeks after injection, (E) microbeads + HPM group 3 weeks after injection. and (F) microbeads + HPM group 6 weeks after injection.
(G) Quantification of RGC loss 3 and 6 weeks after injection. Scale bar=100 ym. RGC death was significantly higher in the microbeads + HPM at 3 weeks and
6 weeks after injection compared with the microbeads group. “P<0.05 vs. microbeads + HPM group. Magnification, x200. RGC, retinal ganglion cells; HPM,
hydroxypropyl methylcellulose.
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Figure 4. In vivo imaging of RGC loss in Thyl-CFP mice following the injection of microbeads + HPM. In vivo imaging of CFP (A) prior to microbeads
+ HPM injection, (B) 3 weeks after injection and (C) 6 weeks after injection. Scale bar=100 ym. The number of CFP*RGCs in the same area of the retina was
assessed in vivo and a progressive decrease in the number of fluorescent points was detected using serial blue-light confocal scanning laser ophthalmoscopy
images following IOP elevation. Magnification, x200. RGC, retinal ganglion cells; CFP, cyan fluorescent protein; HPM, hydroxypropyl methylcellulose; IOP,
intraocular pressure.

study permitted the assessment of the same mice at different =~ CFP-positive RGCs continued to decrease over time; 6 weeks
time points. Progressive decreases in the number of CFP*  after, CFP*RGC loss was 39.3+1.7% (Fig. 5). These results
RCGs in the serial bCSLO images following IOP elevation = were comparable with the results obtained from immuno-
(Fig. 4). CFP* RGC loss was 24.3+2.3% 3 weeks after the  histochemical staining of the C57BL/6 mice with elevated
elevation of IOP by a single injection and the number of IOP (Fig. 5).
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Figure 5. Percentage of RGC loss in Thyl-CFP mice measured by in vivo
imaging is similar compared with that observed in C57BL/6 mice with in vitro
immunohistochemistry following the injection of microbeads + hydroxy-
propyl methylcellulose. RGC, retinal ganglion cells; CFP, cyan fluorescent
protein.

Discussion

Injecting microbeads or microbeads + HPM into the anterior
chamber of the eye obstructs aqueous humor outflow through
the trabecular meshwork and leads to a gradual increase in
IOP (35-37). In the present study, more microbeads entered
the Schlemm's canal in the microbead + HPM injection group
compared with the microbead alone group. This suggests that
HPM serves to immobilize the microbeads at the anterior
chamber angle. While blocking the trabecular network, the
converged microbeads may also cause trabecular meshwork
swelling and an inflammatory reaction, which may elevate
IOP or lead to an anterior chamber reaction, although this was
not observed in the present study.

The microbead-induced ocular hypertension mouse model
imitates the clinical conditions of pseudoexfoliation-associ-
ated glaucoma and ghost cell glaucoma (38,39), in addition to
leaving a cleared visual axis that allows easy observation of
the retina and optic disc.

The diameter of the microbeads used in the present experi-
ment was 15 ym, which is smaller than the initial interlaminar
spaces of the trabecular meshwork (25-75 ym), but larger than
the inner pores of the trabecular meshwork (0.2-2 ym) (40). A
preliminary test conducted by Samsel et al (35), using 1-2 ym
beads, failed to demonstrate a consistent increase in IOP and
guiding the beads into the anterior chamber proved difficult;
changing to a bead size of 5 ym resulted in sustainable ocular
hypertension. Chen et al (41) revealed that injecting the ante-
rior chamber with 10 ym beads induced a longer duration
and higher peak value of IOP elevation when compared with
15 um beads. A potential explanation for this may be that the
10 ym beads were able to enter the Schlemm's canal more
easily compared with 15 ym beads. However, the advantages
of the long-term induction of ocular hypertension by the larger
beads remains to be elucidated (17).

The present study selected 15 ym microbeads based on
preliminary studies by our group that evaluated 10 and 15 ym
microbeads (data not shown). During the surgical procedure,
the volume of each injection was limited to 3 ul and the micro-
beads were injected into the anterior chamber slowly (over
60 sec) in order to minimize acute IOP elevation. Although
fluctuations in IOP are inevitable, previous studies indicate
that injection volume determines the magnitude of IOP
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elevation in rats (29), and that different levels and durations of
elevated IOP may be obtained by altering the frequency and
number of microbeads injected (24). The present study aimed
to investigate the effectiveness of HPM injections in an animal
glaucoma model. The injection was conducted only once in
order to reduce the likelihood of errors and unnecessary injury
that repeated injections may cause.

The results of the present study demonstrated that injecting
microbeads alone and microbeads + HPM increased I0P
compared with the control group. However, compared with
microbeads alone, IOP was higher and more stable in the mice
that received microbeads + HPM. HPM is a biologically inert
substance with a low molecular weight, low surface tension and
high viscosity. It is a type of dispersive OVD that is widely used
in cataract surgery to maintain the intraocular space. Incomplete
removal of an OVD may lead to aqueous humor outflow
blockage and IOP elevation. Kocak-Altintas ef al (42) reported
that OVDs with higher viscosity were associated with a higher
incidence of postoperative IOP, potentially because OVDs with
a high viscosity tend to be harder to remove. Oshika et al (43)
revealed that OVDs of different viscosities remained in the
porcine anterior chamber for different periods of time.

In the current study, the microbeads + HPM group had
higher IOP levels and a greater RGC reduction compared with
the microbead alone group. This suggests that HPM blocks
the aqueous humor outflow due to its biologically inert and
viscous characteristics. The retention of HPM in the anterior
chamber helped immobilize the microbeads at the anterior
chamber angle. The microbeads were the primary contribu-
tors to blockage of the anterior chamber angle and caused
sustained IOP elevation.

The present study identified a significant reduction in
RGC cell density in the retinas of the microbeads + HPM and
microbead alone groups, as confirmed by in vivo imaging in
Thyl-CFP mice. This result is in agreement with the results
obtained from pig models (16,44). The lack of any observed
RGC loss following PBS injection suggests that the sustained
IOP elevation, rather than any transitory IOP increase, contrib-
uted to the loss of RGCs. Furthermore, the results of in vivo
imaging revealed a similar decline in RGCs compared with
the C57BL/6 mice samples at the same time points, suggesting
that it provides an accurate measure of RGCs. In vivo imaging
is a more convenient and repeatable procedure for use in exper-
imental animals, specifically in studies of neuroprotection.
Statistical evidence indicates that ~30% of Thyl-expressing
cells lack recordable CFP fluorescence; however, this does not
limit the accuracy of the overall results (45).

In conclusion, the microbead and HPM injection technique
used in the present study successfully produced a chronic
elevation in IOP in mice. This technique is simple and
cost-effective, in addition to allowing the in vivo observation
of RGC numbers. The mice injected with a combination of
microbeads and HPM exhibited higher IOP elevations and
greater reductions in RGCs compared with mice injected with
microbeads alone. The in vivo imaging revealed a similar
degree of RGC loss when compared with the in vitro results,
suggesting that the in vivo imaging provides an accurate
measure of RGCs. In vivo imaging is more convenient and
permits long-term experiments, which are particularly impor-
tant for the study of neuroprotection. It is a valuable tool for
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monitoring RGC changes over time in various mice model
of RGC loss. This approach will be useful for studying the
pathology of optic neuropathy including glaucoma and for
developing new therapies.
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