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Abstract

Purpose: This pilot study considered whether intraocular pressure (IOP) lowering

could reverse ganglion cell dysfunction in a rat model of chronic ocular hypertension.

Methods» Asscircumlimbal suture was applied in one eye to induce ocular
hypertension (n\ = 7) in Long-Evans rats. The contralateral eye served as an
untreated ‘control.“After eight weeks of IOP elevation the suture was removed to
lower |OP; for the remaining seven weeks. Electroretinogram (ERG) and optical
coherence tomography (OCT) were measured at baseline, 2, 4, 8, 12 and 15 weeks.

Retinae were collected for histology at week 15.

Results: In sutured eyes, IOP was elevated by 7 to 11 mmHg above control eyes (12
+ 0.2 mmHg=standard error of the mean]). Eight weeks of chronic IOP elevation
resulted inwa.reduction of the ganglion cell mediated positive Scotopic Threshold
Response(pSTR, -25 t 7% of baseline), as well as smaller photoreceptor (-7 £ 4%)
and bipolar cell"mediated responses (-6 * 5%). After suture removal, IOP recovered
to normal/ By 15 weeks the a-wave (0 + 6%), b-wave (-2 + 6%) and pSTR had
recovered back to baseline (from -25 + 7% to -4 + 6%). The retinal nerve fiber layer
was thinnedsby, -9 + 3% at week 8 and showed no further decline at week 15 (-10 +
2%). Cellsnumbers in the ganglion cell layer were similar between suture removal and
control eyes at week 15 (3543 + 478 vs 4057 + 476 cells/mm?).

Conclusions: The circumlimbal suture model might be a useful platform to study the

reversibility of neuronal dysfunction from chronic IOP challenge.

Introduction

It is well known that intraocular pressure (IOP) reduction is the mainstay of glaucoma
treatment, helping to halt progression and to prevent further retinal ganglion cell
(RGC) loss. However, whether neuronal injury is reversible with IOP lowering
remains less céttain. Studies in humans' and rodents® have shown that functional
deficits associated with mild transient IOP elevation are reversible, with the rate of
recovery dependent on both the magnitude and duration of the insult.® As vision loss
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in glaucoma is thought to be irreversible there must be an IOP-related injury

threshold above which RGC injury becomes permanent.

The concept of reversibility of RGC dysfunction has been considered by assaying
function before and after therapeutic IOP reduction in human subjects. Studies have
shown that_reductions in electroretinogram (ERG) amplitude can recover after IOP
lowering in_patients with ocular hypertension and glaucoma.*” A recent study
reportedsshortsterm enhancement of visual field sensitivity following IOP reduction.?
However, not«all studies have demonstrated that retinal dysfunction in glaucoma is
reversible 2 One) possible reason for the disparity between studies is the timing of
intervention. It may be that IOP lowering early in the course of injury facilitates
recovery, whereas later intervention only prevents further decline. There is growing

evidence that-early changes to ganglion cell structure and function precede cell loss.

Studies of chronic IOP elevation suggest that RGC dysfunction can precede thinning
of the retinal nerve fibre layer (RNFL), as measured using optical coherence
tomography(QCT)." > ' Indeed, OCT has been shown to be insensitive to subtle
RGC microtubule injury in the earliest stages of chronic IOP injury in non-human
primatesi**2=Early functional deficits have been attributed to changes in RGC
morphology, such as shrinkage of dendritic fields, reduction in dendrite complexity
and changes to axonal integrity as has been reported in non-human primate models

.13 and mouse models of optic nerve crush.' > IOP elevation can also

of glaucoma
directly affect pressure sensitive channels on RGCs and their axons altering
membrane potentials and thus their reactivity to light.'® These studies raise the
possibility of an epoch early in the course of IOP elevation, before substantive
structural ‘loss, during which RGCs are dysfunctional but retain the capacity to

recover with_IOPjlowering.

We hypothesise that RGC dysfunction consequent to chronic ocular hypertension in
rats is reversible provided that IOP-lowering is initiated prior to significant RNFL
thinning; as measured using OCT. In a previous study we showed in a rat model of
chronic ocular hypertension'® that eight weeks of IOP elevation produces RGC
dysfunction (smaller positive Scotopic Threshold Response [pSTR]) with subtle but
insignificant RNFL thinning, which then progressed to RGC dysfunction with robust
RNFL thinning and cell loss by 15 weeks. Thus in this model eight weeks provides a
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useful time point to test our hypothesis for the reversibility of IOP dysfunction before
the onset of RNFL thinning.

Materials and methods
Animals

All experimental procedures were in compliance with the National Health and Medical
Research Gouncil Australian Code of Practice for the care and use of animals for
scientific purpeses. Animal ethics was approved by the Florey Animal Ethics
Committee at the University of Melbourne (Ethics number: 13-044-UM). All animals
used in this study were male Long-Evans rats (eight to ten weeks old, 300 ~ 400 g at
the start of experiment). They were housed in a 20°C environment with light cycling
(12-hour light/12-hour dark, 50 lux maximum). Food (WEHI,
Barastoc, hitp:/Www.agriproducts.com.au/) and water were available ad libitum.

Fourteen eyes were examined in seven consecutive animals allowing intra-animal
comparisons...Each animal had their circumlimbal suture and control treatments
randomised, between right and left eyes The sutured eye had eight weeks of IOP
elevation*followed by seven weeks of IOP reduction comprising a total 15 weeks of

observation.
IOP elevation, monitoring and lowering

Procedures “for" IOP monitoring (rebound tonometer) and IOP elevation by
circumlimbal suture have been described in detail previously.” In brief, rats were
acclimatised for a week prior to experimentation. IOP was assayed in awake animals
using a rebound tonometer (Tonolab, http://www.icaretonometer.com/) without topical
anesthesia, on four consecutive days to establish baseline. Measurements were
conductedsbetween 10 am and 12 pm under the same lighting conditions (200 lux at
the bench top).to control for diurnal IOP fluctuations.

To raise I0OP, animals under isoflurane anesthesia (5% induction and 2%
maintenance at 2 L/min)  were placed on a heating pad
(http://www.soundveterinary.com.au/). For corneal anesthesia, one drop of 0.5%
proxymetacaine  (https:/www.alcon.com/eye-care-products) was applied. A
circumlimbal suture (8/0, nylon) was placed around the equator of the eye at a

This article is protected by copyright. All rights reserved


http://www.agriproducts.com.au/�

distance of approximately 1.5 mm behind the limbus. The suture was anchored by
placing it below the conjunctiva, avoiding the major episcleral drainage veins at five
to six anchor points evenly spaced around the globe. The anterior position of the
suture avoided congestion of the vortex veins. Contralateral eyes served as
untreated-controls.

IOP readings were taken immediately (two minutes) and at one hour after suture
applications=For«the first week, IOP was measured daily, and for the rest of the
experimentalsperiod, IOP was measured three times a week. All IOP measurements
were conducted without general or topical anesthesia with the exception of the two
minute time point, when rats remained under the influence of surgical isoflurane. At
the end ofiweek'8, the suture was cut and removed under isoflurane anesthesia (~10

minutes) todlower IOP for the remaining seven weeks of experimentation.
Electroretinography

ERG responses‘were measured following dark adaptation (12 hours) at baseline, and
at weeks 2, 4, 8, 12 and 15 after suture implantation. ERG acquisition and analysis
have been described in detail previously.'” ' In brief, dark-adapted rats had general
anesthesia™induced (intramuscular ketamine 60 mg/kg and xylazine 5 mg/kg,
http://www:troylab.com.au) followed by a drop of 0.5% proxymetacaine and one of
0.5% tropicamide to produce corneal anesthesia and mydriasis, respectively. ERG
stimuli wefé presented starting from -6.35 and progressing up to 2.07 log cd.s.m™ via
a calibrated light emitting diode (LED) Ganzfeld sphere
(http://wwwephotometricsolutions.com/). Custom-made chlorided silver electrodes
were used'to measure responses. The positive electrode was placed on the apex of
the cornea and"the reference ring-shaped electrode was gently looped near the
equator of the eye. A ground needle electrode (http://www.natus.com/) was
subcutaneously inserted in the tail. ERG responses were acquired at a sampling rate
of 4000 Hz (http://www.adin-struments.com/), with bandpass filters of 0.3 to 1000 Hz
(-3dB, pre-amplifier model P511; Grass Technologies, http://www.natus.com/).

To quantify the photoreceptor response, the a-wave (also known as the “P3”) in
response to the brightest stimuli (2.07 log cd.s.m®) was modelled using A delayed-
Gaussian function (P3 model) to return the amplitude (Rmp3z, or maximum response

of the P3, pV) and sensitivity of phototransduction.?>?' The bipolar cell response was
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analysed by subtracting the P3 model from the raw ERG waveform to return a more
accurate measure of the b-wave (also known as the “P2”). The P2 peak amplitude as
a function of luminous energy was then described by fitting a hyperbolic function® to
return the maximum amplitude (Vmax, pV). RGCs contribute substantially to the
pSTR at=5:01=log cd.s.m? in rats. The response at -5.01 log cd.s.m? was low-pass
filtered and the pSTR amplitude was quantified at a fixed time of 110 ms after

stimulus onset.
Optical coherenece tomography

Following anesthesia, mydriasis and ERG measurement, animals were placed on a
platform withfcirculating heated water to maintain body temperature. A lubricant
(GenTeal, https://www.novartis.com.au/) was applied to the eye to maintain corneal
moisture and to act as an optical coupling medium to the eyepiece of the OCT
system (Micron Ill, http://www.phoenixreslabs.com/). Imaging was performed at
baseline, then at 2, 4, 8, 12 and 15 weeks. A horizontal B-scan (1024 A-scans, 2 ym
axial resolution;/1.8 ym lateral resolution and a 50 degree field of view) through the
centre of “the_optic nerve, avoiding any of the major vessels was measured
(Supplementary“Figure 1). Care was taken to scan in similar regions across the
weeks. Ten_B-scans were averaged for image analysis using ImagedJ software
(https://www.nih.gov/). A masked observer manually segmented the inner limiting
membrane, retinal nerve fibre layer (RNFL) and Bruch’s membrane. Average total
retinal thickness (from inner limiting membrane or ILM to Bruch’s membrane) and
RNFL thickness (ILM to RNFL) were taken for regions 200 to 400 um both temporal
and nasal to the center of the optic nerve head (Supplementary Figure 1).

Histology

Following ERGrand OCT measurement at 15 weeks, animals were terminated by
intracardial injection of pentobarbital (0.3 mL, Lethabarb,
https://wwwavirbac.com.au/). Eyes were immediately enucleated and the cornea
pierced with'a,30 gauge needle to allow fixative (10% neutral buffer formalin) to enter
the eye. Prior to paraffin embedding and sectioning, ocular tissues were dehydrated
with  70%, 95%  and 100%  ethanol, treated  with  chloroform
(https://www.sigmaaldrich.com/) and embedded in paraffin blocks. Sections of 10 um

were cut and three consecutive sections containing the full profile of the optic nerve
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head was mounted on glass slides (Superfrost Plus, https://www.thermofisher.com/).
Each slide was dewaxed, rehydrated and stained with hematoxylin and eosin (H &
E). All slides were scanned with an Aperio ScanScope® CS (http://www.leica.com/)
at 20x magnification. Images were analysed in Aperio ImageScope software (Leica).
The cell'density in the GCL was counted over an area of 250 x 20 ym?, starting at
200 um lateral to the scleral canal opening by a masked observer. Cell counts from
both sides of the optic nerve were averaged to return a value for that retinal sample.
For each eye, cell count data was the average of three consecutive sections.

Statistics

All data are given as mean + standard error of mean (SEM), except for Figure 3
where 95%" confidence limits are presented with the ERG waveforms. Statistical
analysis was conducted using Genstat (https://www.vsni.co.uk/software/genstat/). To
compare data between control and treated eyes a linear mixed model (REML) was
used which takes into account the two within subject factors, time and control/treated
eye 2 2% Post-hoc comparison using Bonferroni corrections was used to compare

control andiireated eyes at the various time points.
Results

The |IOP profile following circumlimbal suturing is shown in Figure 1. There was an
initial IOP_spike immediately (two minutes) following suture application of 50 + 4
mmHg, which by one day was 34 + 3 mmHg. IOP remained significantly higher than
the control eye over the next eight weeks (21.9 + 0.6 vs 12.5 £ 0.2 mmHg, F1.49 =
32.8, p < 0.001, linear mixed model analysis). Within a day of suture removal IOP
had significantly recovered from 20 + 0.4 to 14 + 0.6 mmHg (33 + 2% reduction, p <
0.001, linear_ mixed model analysis). After suture cut, from week 8 to week 15, IOP
remained statistically similar to the fellow control eye (12.9 £ 0.2 vs 11.5 £ 0.3 mmHg

p > 0.05, linear-mixed model analysis).

The effect of chronic IOP elevation and IOP lowering on the ERG is shown in Figures
2 and 3. Figure 2 shows ERG responses for a range of luminous energies, at three
key time points. In comparison to baseline (Figure 2A) there was a small reduction of
amplitude of all ERG components. At week 15 (Figure 2C), after IOP lowering, there

was recovery of waveforms at all luminous energies. Figure 3A shows that between
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weeks 2 and 8, IOP elevation produced a small but stable attenuation in the ERG a-
wave (photoreceptoral function) and b-wave (bipolar cell function) compared with the
control eyes. Over the same time the ganglion cell pPSTR was more affected (Figure
3B). After suture removal and IOP lowering, the STR recovered.

Figure 4 summarises the amplitude of photoreceptor (a-wave), bipolar cell (b-wave)
and RGC (pSTR) function across the 15 weeks of experimentation. In comparison to
controlsptreatedseyes exhibited a small reduction in all ERG components. At week 8,
the a-waveswas 93 * 4% of baseline (Figure 4B) and the b-wave was similarly
reduced to 94 * 5% (Figure 4D). Linear mixed model analysis confirms that the a-
wave (Figure 4A, F1 = 6.4, p = 0.014) and b-wave amplitudes were reduced (Figure
4C, F1=5.9/p = 0.018). At week 15 the a-wave (100 £ 6%) and b-wave (98 * 6%)

amplitude weressimilar to baseline.

The pSTR was_significantly reduced in high IOP eyes (Figure 4E, F{ = 14.9, p <
0.001). The pSTR had dropped to 75 £ 7% by week 8 (p < 0.01). After suture
removal, the pSTR recovered to 87 + 11% at week 12, and 96 + 6% at week 15 in

these same,eyes (both p > 0.05, Bonferroni’s multiple comparison test).

Figure 5 shows the effect of IOP elevation and its subsequent lowering on retinal and
RNFL thickness measured using the OCT. There was a significant difference in total
retinal thickness between treated and control eyes (Figure 5A, F1 = 12.8, p < 0.001
linear mixed _model analysis) however post hoc analysis revealed no particular
significance at any of the weeks (p> 0.05, Bonferroni post-hoc). In contrast, in treated
eyes RNFLsthickness was reduced from 22.6 + 0.6 um at baseline to 20.6 £ 0.7 um
at week, 8. After, IOP lowering, RNFL thickness did not change significantly at week
12 (20.4=% 0:7*pm) and week 15 (20.4 + 0.8 um) when compared with week 8 (Figure
5D). Linear mixed model analysis confirmed the significant time and treatment
interaction (F15 = 3.7, p = 0.005), with post hoc-analysis (Bonferroni’'s multiple
comparison test) indicating that RNFL was significantly thinner in treated compared

with control eyes at weeks 8, 12 and 15 (p < 0.01).

After 15 weeks, cell density in the ganglion cell layer (GCL) was assessed with retinal
cross sections. In general, there was no gross damage to retinal structure in both
groups (Figure 6A and 6B). GCL cell density was not significantly different between
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treated and fellow control eyes (Figure 6C, 3543 + 478 vs 4057 + 476 cells/mm?,
paired t-test, passed Shapiro-Wilk normality test, ts = 1.3, p = 0.26).

Figure 7 considers the relationship between the various outcomes measured at 15
weeks. Figure 7A shows that the correlation between a-wave amplitude and RGC
layer cell density was not significant. In contrast, retinae with higher RGC cell density
tended to have higher pSTR amplitude (Figure 7B, p < 0.01, r* = 0.76). Whilst there
was a tendency=for eyes showing higher RGC cell density to have thicker RNFL this
was not signifieant (Figure 7C, p = 0.22, r? = 0.12). There was a modest relationship
between tHe pSTR and RNFL thickness (Figure 7D, p = 0.02, r? = 0.40).

Discussion

Previouslysweshave shown using the same circumlimbal suture model that 15 weeks
of sustained..mild ocular hypertension produced inner retinal dysfunction and a
reduction ifif RGC layer cell density.'® We also showed that there was a progressive
thinning of ' BRNFL thickness between weeks 8, 12 and 15. Up until the eighth week
the I0P profile, along with the ERG and OCT changes in this study gave similar
trends to those previously reported.’® In this follow up pilot study, we show that IOP
lowering after.eight weeks of ocular hypertension resulted in recovery of the pSTR.
The progressive thinning of the RNFL and the cell loss in the ganglion cell layer
found previously between weeks 8 and 15 were not seen in eyes that had IOP
restored to.normal levels. These data provide preliminary evidence for functional
recovery fram=a, prolonged period of IOP elevation. This is consistent with reports of
functional ‘recovery in patients treated to lower IOP. These studies demonstrated

improvement of visual field sensitivity® 2> 2

and ganglion cell mediated components
of the "ERG™following IOP reduction, either by surgical or pharmacological
intervention.* ®" Similar functional recovery has been noted following acute IOP

elevation in human subjects®” and in laboratory models.?® 2°

Suture removal provides a simple means for IOP reduction and thus stress removal,
free of potential pharmacological confounds. At week 8, IOP was reduced by 33 *
2%. A previous study showed that IOP reduction of 38% in the DBA/2J mouse
glaucoma model was associated with an 83% improvement in the pattern ERG, a
robust improvement in RGC function.®® This is qualitatively consistent with the pSTR

recovery seen in this study. The recovery of the pSTR was gradual following IOP
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reduction (Figures 3B, 4E and 4F). Specifically, at week 8, immediately prior to suture
removal, the pSTR was reduced to 75 t* 7% relative to baseline. By week 12 and
week 15, the pSTR had recovered to 87 + 11% and 96 * 6% of baseline,
respectively. This prolonged time course may provide a useful window over which to
study cellular="processes mediating recovery from chronic IOP challenge.
Interestingly, outer retinal function (a/b-wave) also appeared to recover at week 15,
although they was much less attenuation at week 8 when compared with the pSTR.
Although itiis possible that improvement in outer retinal function can lead to a larger
pSTR,* the. relative change in the pSTR between weeks 8 and 15 is much greater

than would\be predicted based on the outer retinal improvement.

The capacity/for the pSTR to recover in this model suggests that we have intervened
at a stagewofuchronic IOP elevation during which ganglion cells have not been
irreversiblysinjured. Interestingly, we found that RNFL thinning did not recover (Figure
5C and 5D) even though function had significantly improved (Figure 4F), and there
was no cell'loss (Figure 6C). This finding suggests that at eight weeks there may
have been structural changes such as synaptic or dendritic changes that are
irreversible. At week 15 there was a relationship between RGC layer cell density and
pSTR amplitude (Figure 7B), whereas the correlation between RNFL thickness and
pSTR amplitude was more modest (Figure 7D). Given that dysfunction may involve
altered synapses and reduced dendritic complexity'* 343° why RNFL thickness did
not recover. along with the pSTR is unclear. One possibility is that the remain cells
increase theirsoutput, which might happen due to the beneficial effects of reactive
gliosis (or astrogliosis) in maintaining neurons and their synapses. This important role
for astrocytes has been demonstrated in the brain during ischemic insult.*® % Studies
using more sensitive tools to assess ganglion cell structure and synaptic inputs along
with glial cell activation are needed to better understand the relationship between

functional recovery and the structural modifications that may underlie these changes.

The cellularsmechanisms by which IOP elevation can lead to RGC dysfunction are
thought to invelve disruption of axonal transport, excess glutamate activation of N-
methyl-D-aspartate (NMDA) receptors, impaired glial cell function, vascular and
bioenergetics factors, and more recently activation of pressure sensitive channels
such as transient receptor potential (TRP) and purinergic receptors have also been
implicated.'® ® With IOP lowering, one or some of these sources of stress on optic
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nerve axons and RGCs may be relieved. One might speculate that the underlying
mechanisms should exhibit a similar time course to the recovery of the pSTR, which
took between four to seven weeks after IOP lowering. One possibility is that pSTR
recovery is associated with gradual resumption of axonal transport and the resupply
of neurotrophie-factors, as brain derived neurotrophic factor is known to prevent IOP

induced refinal dysfunction in laboratory models of glaucoma.*”- 8

Anotherpossibility is that IOP lowering modifies stretch sensitive channels to improve
RGC excitabilitys Sappington, et al.* recently reported that TRP vanilloid-1 (TRPV1)
and TRPV4 expression increase and decrease, respectively, with higher IOP in the
DBA2J mouse model of chronic IOP. Activation of TRPV4 channels found on
ganglion cell'dendrites is known to increase RGC excitability.*> Thus restoration of
TRPV1 and=FRPV4 expression could contribute to recovery of the pSTR seen in this
study. Whilstsspeculative, this mechanism might account for our finding that there is

no RNFL recovery, despite near complete pSTR recovery.

Although [IOP reduction alleviated RGC dysfunction in this study, it must be noted
that these are young animals. A number of studies suggest that the capacity for
functional.recovery from IOP elevation is reduced with age.®* *° Furthermore, the
systematic application of the general anaesthetic compound, ketamine, has been
reported to-have neuroprotective effect in rats through inhibition of tumour necrosis
factor-a and interleukin-6.>' Therefore, this might confound the effect of IOP
reduction ebserved in our study. However, rat eyes that had undergone circumlimbal
suture |IOP elevation throughout 15 weeks using the same repeated anaesthesia
regimen did=fot show recovery.”” Thus it is unlikely that repeated ketamine
anaesthesia is entirely responsible for the pSTR recovery seen in this study.

The current study has limitations. This is a preliminary study and provides information
on only awsmall cohort of sutured and contralateral control eyes. Although the
changes seenshere at eight weeks are consistent with those we have previously
reported,'®.ouf sample size returns a statistical power that is lower than is desirable.
Power analysis, taking the RGC-derived pSTR as the most relevant component of
recovery following IOP reduction (coefficients of variation pSTR 23%) with a sample
size of seven give a statistical power of 50%. Ideally, another cohort of animals with
IOP elevation throughout the 15 weeks of experimentation would aid comparison.

This positive control group would not only provide direct comparison of functional and
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structural changes but also confirm the reproducibility of the suture model, beyond
eight weeks. Nevertheless, as the approaches used in this study are identical to
those used in our previous study,’® we fell that comparisons to the eyes that had IOP
elevation throughout the 15 weeks is valid. We also acknowledge that the anatomical
cell counts employed here while encouraging, provide a limited snapshot of retinal
structure and thus require further validation. Finally, although the reference plane use
for all OCT imaging was kept constant, no additional correction was made for
potential changes in ocular biometric that are associated with the model.

A limitation of the current model is that it has a transient IOP spike immediately after
model induction. It is possible that this IOP spike may contribute to some of our ERG
and OCT' changes. Additionally, the IOP spike could influence the subsequent
response ofsthe: eye to the chronic component of IOP elevation. Indeed, previous
studies havesshown that both peak IOP and average magnitude of elevation over
time are important determinants of the severity of injury. Previous studies using

2 episcleral cauterisation® laser

alternate approaches such as hypertonic saline,’
treatment following intracameral injection of indocyane green® have reported I0OP
peaks (~50 mmHg) similar to those seen here. In those models the a-wave and b-
wave showed.much greater deficits than the 6 - 7% loss seen in this study (Figure 4A
and 4B)«dmportantly, in the current study it does not appear that the IOP spike has
significant long-term effects. If the IOP spike alone were responsible for our
functional lesses (Figure 4) then one would expect that IOP lowering at eight weeks,
well after the"spike, would not result in recovery of function. That we saw nearly
complete recovery of the pSTR (Figure 4F) suggests that the chronic IOP component
rather than the spike underlies the functional changes seen in this rat model of IOP
elevation."Nevertheless, it is important to acknowledge that IOP spikes of this
magnitude" do not occur in primary open angle glaucoma and its presence might
confound our interpretation. Another important limitation of this model is that the
mechanism of sustained IOP elevation is not known. If compression alone were the
cause then one would expect IOP to return to normal even with the suture in place,
simply due to acclimatisation of the eye. A likely alternative is that there is
compression of vessels, and thus increased venous pressure that could reduce

aqueous outflow. We have previously ruled out the possibility that vessel
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compression affects the retinal blood flow producing non-IOP related vascular

compromise. '

In conclusion, these preliminary findings suggest that ganglion cell dysfunction
induced by, eight weeks of mild IOP elevation using a circumlimbal suture in rodents
is reversibleswith IOP lowering via suture removal. With further validation the
circumlimbal suture model could provide a platform for investigating the reversibility
of neural degeneration from chronic IOP challenge.
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FIGURE CARTIONS

Figure 1. Reversing chronic intraocular pressure (IOP) elevation in the rat
circumlimbal'suture model. After an initial IOP spike during suture application, chronic
IOP elevation was maintained for the next 8 weeks (n = 7, red symbols). IOP
dropped (green .symbols) to levels comparable to fellow control eyes (n = 7, black
symbols) after removal of the suture (green reference line). Baseline for the treated

eyes showniin.grey.

Figure 2. Effect of chronic intraocular pressure (IOP) elevation, followed by IOP
lowering on retinal function. A. Averaged ERG responses at baseline (week 0) from
the dimmest (lowest) to the brightest (upper most) from contralateral control (n = 7,
black traces).and treated eyes (red traces). B. Averaged electroretinogram (ERG)
waveforms at week 8 prior to IOP lowering C. Averaged ERG waveforms in control

(black traces)sand treated eyes after IOP lowering (green traces).

Figure 3. Outer,and inner retinal deficits during intraocular pressure (IOP) elevation
and following IOP lowering. A. Averaged electroretinogram (ERG) responses for the
brightest luminous energy (2.07 log cd.s.m®) for contralateral control (n = 7, black
trace) and treated eyes (n = 7, coloured trace) at each time point compared with the
96% confidence limits measured at baseline (grey area). During IOP elevation
responses were attenuated (red traces), but recovered with IOP lowering (green
traces). B. As per A but waveforms show the scotopic threshold response measured
at -5.01 log cd.s.m?.
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Figure 4. Comparison of photoreceptor, bipolar cell and ganglion cell function with
intraocular pressure (IOP) elevation and lowering. A. Average (* standard error of
the mean) amplitude for contralateral control (n = 7, filled) compared with treated
eyes (n = 7) during (red) IOP elevation and after IOP lowering (green). B. Control
(unfilled) and treated eyes (IOP elevation, red: IOP lowering, green) expressed as a
percentage of baseline. C. and D. are as per A and B, respectively except that they
show b-wave amplitude as a function of time. E. and F. are as per A and B,
respectively, except that they show positive Scotopic Threshold Response (pSTR)
amplitude.

Figure 5. Effect of intraocular pressure (IOP) elevation and lowering on retinal and
retinal nerve fiber layer (RNFL) thickness measured using spectral domain optical
coherence tomagraphy. A. Average (% standard error of the mean) total retinal
thickness for contralateral control (n = 7, filled) compared with treated eyes (n = 7)
during (red) IOP elevation and after IOP lowering (green). B. Thicknesses for control
(unfilled) and treated eyes (IOP elevation, red: IOP lowering, green) expressed as a
percentage of baseline. C. and D. are as per A and B, respectively, except that they
show RNEL:thickness as a function of time.

Figure 6. _Retinal histology at week 15. A. Representative contralateral control and B.
treated eyes stained with hematoxylin and eosin stain. C. Average cell density (+
standard error of the mean) in the ganglion cell layer (GCL) of control (black bar, n =

7) and treated.eyes (green bar, n = 7). Scale bar: 100 pm.

Figure 7. Correlations between cell density, optical coherence tomography (OCT)
and electraretinogram (ERG) parameters after intraocular pressure (IOP) lowering. A.
Relationship between photoreceptoral amplitude and cell density for control (black
symbols, n_= 7) and treated eyes (green symbols, n = 7). B. Relationship between
the positive Scotopic Threshold Response (pSTR) and cell density. Linear
regressions_are'plotted along with the 95% confidence limit around the slopes of the
function."Cy,Relationship between retinal nerve fiber layer (RNFL) thickness and cell
density. D. Relationship between pSTR and RNFL thickness.

This article is protected by copyright. All rights reserved



IOP {mmHg)

o))
o

50 - i
40 -
30 -
20 - R e L
o f-“ SO S hus e tte, 2050020300 S0 000 g
U_ SUturen T T T T T T
0 2 4 6 8 10 12 14

time (weeks)
opo_12331_fl.jpg

This article is protected by copyright. All rights reserved




A e Lt B - UV e SR B AT
e — K h S — Wik § i — el

; 4 .
- e = F x‘\.x =
Wi ™ 4

: Sa
o . = =
anaey ! \ 3 '\..\ = e -
B s N R Y 4
s i '\._H 12 A . Ly 3 Rt
il l:wiadain — |,_J X .q Voifral o |' e .
a . P L =T AT = > o
=T -, - v " ! T
i 3 i » R L
166 ,."'M“kx s il e i e a
I I.' 5 L | _.'_. Y Wl i rr oy .
amaiz S T " g 1] I W AL T .
= ™, § e £t il “‘*-.. ——
O] I 11305 T
5 R i N S
. _— TR e =1 7 B w7 Rt
: . i - — Ir i '\""\., = m——
e
A ST e e \Q .
P b - . -
it =, & T il
o S s T SRS
. “
3 R B
- - E o 5 =
- - N 5
45, Tl = = = - = - e
S Fu,
s o (s _-.-__.-" "'..H_H
T e am e, —
e K i e . L ..h_\_h__ e
= T ——

i )
time (=)

opo_12331_f2.jpg

Author Manu

This article is protected by copyright. All rights reserved



baseline 95% CL
— control
— high IOP

—— |OP lowering

0 50 100 150 200 O 100 200 300 400
time (s)
opo_12331_f3.jpg

This article is protected by copyright. All rights reserved



-1000 -
-750
-500 -

-250

amplitude (uV)
o o a
s 8 8

60

40 |

20

time (weeks)

opo_12331_f4.jpg

This article is protected by copyright. All rights reserved

A a-wave B a-waver
23 i s}
C ) b-wive D b-wave
E pSTR| | I pSTR
= i e ° ; ;
B B
0 5 10 15 0 5 10 15

120

- 110
- 100
- 90
- 80
- 70

- 120
- 110
- 100
- 90
- 80
- 70

- 120
- 110
- 100
- 90
- 80
- 70

% relative to baseline



110

250 A total retinal thickness B total retinal thickness
200 im B e o o 9 LY & - 100
150 -
£ 100 - 90
=
" 50 - 80
2 0
_E 30 - , 110
© C RNFL thickness D RNFL thickness
: —_— J—
= 5 ———#—:—:—————.————i———.——— 100
; L ® -490
10 4
- 80
O - T T T
0 5 10 15 0 5 10 15

time (weeks)

opo_12331_f5.jpg

This article is protected by copyright. All rights reserved

% relative to baseline



cells/mm?
AU E= %

:

Lo

control treated
opo_12331_f6.jpg

This article is protected by copyright. All rights reserved



A v e
= . = 3" g
T * @ E A Y
£ T
EJ ] ] oo
L | ™ - -
3g= m ]
| RS | I [ W S 1 e |
il . = ' '
UL ML MR ML ek Wil R AL sWED R
callmm’ celllmm®
o i
I:: o ek W D L | i
" & . -
— L] oy L] . ]
_E| = 4 e i
3= = aal 3, i et s S
=) - g ol -
Lo o =
z o'e o 1
N 3 “ 'y
¥ = i Feiflp=ills
& FCAZ i [
P CHR IR I TR R T T = ] = pr ]
callimm? RMFL [um}

opo_12331_f7.jpg

This article is protected by copyright. All rights reserved



