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Comparison of Pressure-Dependent Facility in Rodent Eyes
Michael Madekurozwa1, Andrew Feola2, C R. Ethier2,
Darryl R. Overby1, Joseph Sherwood1. 1Bioengineering, Imperial
College London, London, United Kingdom; 2Bioengineering, Georgia
Institute of Technology, Atlanta, GA.
Purpose: Mice are commonly used to study aqueous humor
dynamics, due to similarities with humans in their ocular anatomy,
physiology and pharmacology. However, outflow facility in humans
decreases with increasing pressure, which is attributed to pressureinduced collapse of Schlemm’s canal [1], whereas the opposite is true
in mice [2]. We compared the pressure-dependence of outflow facility
between rat and mouse eyes using ex vivo perfusions to examine
which species better matched the response observed in humans.
Methods: Enucleated eyes from 8 Brown Norway rats (3-4 months)
and 66 C57BL/6 mice (2-3 months) were perfused via the anterior
chamber through a 33G needle. A multistep perfusion was carried
out using iPerfusion, which utilizes a Sensirion flow sensor and an
automated pressure reservoir. Having confirmed that both species
exhibit zero flow at zero pressure, the model Q=Cr(P/Pr)βP was fit to
the data [2], where Cr is the facility at reference pressure Pr, and β is
a parameter characterizing the pressure-dependent change in facility,
with a negative β corresponding to decreasing facility with increasing
pressure. Note β=-0.25±0.03 for humans (derived by fitting data
from [1]). Unpaired t-tests were used to evaluate whether β differed
significantly from human values. Data are reported as mean ± 95%
margin of error.
Results: For rats, the Q-P response curves downwards (Fig. 1a), i.e.
facility decreases with increasing pressure. The situation is opposite
in mice (Fig. 1b).
For mice, β=0.75±0.09 (Fig. 1c), which is significantly different
from humans (p<10-12, n=66). For rats, β=-0.36±0.20, which is not
significantly different from the value for humans (p=0.24, n=8), but is
significantly different from zero (p=0.004).
Conclusions: The Q-P response in rats mimics that observed in
humans, where facility decreases with increasing pressure, while
mouse eyes exhibit the opposite. Understanding the anatomical
basis for these differences may provide insight into trabecular
meshwork biomechanics that regulate outflow. As the shape of the
Q-P relationship is associated with SC collapse [1], rats may have
advantages over mice for studies of TM/SC biomechanics as occurs
in humans.
[1] Brubaker 1975 IOVS 14:286-292. [2] Sherwood et al. 2016 PLoS
One 11(3):e0150694.
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Anterior Chamber Versus Posterior Chamber Perfusion Does Not
Influence Aqueous Outflow Facility in Living Mice as Measured
by Constant Flow Infusion
J Cameron Millar, Navita N. Lopez, Gaurang C. Patel, Tien Phan,
Abbot F. Clark. North Texas Eye Research Institute (NTERI), Fort
Worth, TX.
Purpose: In mouse eyes perfused ex-vivo, measured values for
aqueous outflow facility (C) are variable depending upon whether
perfusate is introduced into the anterior chamber (AC) or the
posterior chamber (PC) via the cannulating needle. AC perfusion
causes posterior iridial bowing, pupillary block, and traction on the
scleral spur, leading to an increase in C. PC perfusion by contrast
does not cause this effect, resulting in significantly lower calculated
values for C. However the equivalent situation in living mice has not
been reported. Here we investigated if AC versus PC perfusion in the
living mouse eye leads to different calculated values for C.
Methods: C57BL/6J mice (all ♀, 20-24 weeks of age) were divided
into 4 groups (4 animals/group). All animals were anesthetized
(ketamine 100 mg/kg; xylazine 10 mg/kg, intraperitoneal injection)
and C was measured in both eyes simultaneously of each animal
via a technique of constant flow infusion. Perfusate to each eye was
delivered from a 50 μL glass microsyringe. In groups 1 and 2 the AC
or PC was cannulated with a 30G needle, respecively. To investigate
the effect of ciliary muscle (CM) and iridial tone on C, groups 3
and 4 were perfused (AC or PC, respectively) in the same manner,
but tropicamide (muscarinic receptor antagonist) was added to the
perfusate at a concentration of 100 μM.
Results: C in groups 1 (AC perfusion) and 2 (PC perfusion) was 22.6
± 2.4 nL/min/mmHg versus 23.1 ± 2.4 nL/min/mmHg, respectively
(mean ± SEM, P = 0.869). In groups 3 (AC perfusion) and 4 (PC
perfusion), tropicamide induced cycloplegia (confirmed by histology)
and mydriasis (pupil diameters: group 1 (1.12 ± 0.07 mm), group 2
(1.25 ± 0.07 mm), group 3 (3.41 ± 0.12 mm), group 4
(3.62 ± 0.05 mm); mean ± SEM). Differences in pupil diameters
between groups 1 and 3, and 2 and 4, were highly significant
(P < 0.0001). C in group 3 was greater than C in group 4
(22.4 ± 4.0 nL/min/mmHg versus 13.6 ± 1.6 nL/min/mmHg,
respectively (mean ± SEM, P = 0.0341)).
Conclusions: C in living mice is not different when measured by
constant flow infusion with the cannulating needle placed in the AC
or the PC. However in cycloplegic/mydriatic mouse eyes C is greater
when eyes are perfused via the AC. CM and/or iridial tone plays a
role in the establishment of C.
Commercial Relationships: J Cameron Millar; Navita N. Lopez,
None; Gaurang C. Patel, None; Tien Phan, None; Abbot F. Clark,
NiCox Research Institute (F), Western Commerce (C), Reata
Pharmaceuticals (F)

Figure 1. Sample Q-P plots for (a) rat and (b) mouse eyes. (c) Cello
plot of β (described in [2]). Dashed line indicates β for humans.
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Performance of shear stress-responsive reporter viruses in
human Schlemm’s canal monolayers
Kristin M. Perkumas, Nicole E. Ashpole, Joan Kalnitsky,
W Daniel Stamer. Ophthalmology, Duke University, Durham, NC.
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Purpose: Laminar shear stress across Schlemm’s Canal (SC)
endothelial cells initiates the release of nitric oxide (NO). Such
effects are mediated in the long term by shear stress-responsive
elements in the promoter region of endothelial nitric oxide synthase
(eNOS). As a tool to study SC responses to shear stress in situ, we
designed two adenovirus constructs, one which contains
1057 kb of the eNOS promoter driving the expression of either Green
Florescent Protein (eNOS-GFP) or Secretory Alkaline Phosphatase
(eNOS-SEAP) reporter proteins. The two adenoviruses were tested in
experiments to visualize and quantify the effects of shear stress on SC
cell monolayers in vitro.
Methods: Human SC and umbilical vein endothelial cells (HUVECs,
positive control) were transduced with adenovirus (MOI=50 for
8 hr) after being seeded into Ibidi µ-slide chambers. The cells were
exposed to one of two levels of shear stress (0.1 or 10 dynes/cm2)
for 24 hours using the Ibidi pump system. GFP expression was
monitored with confocal fluorescence microscopy, flow cytometry
and western blot analyses. SEAP was measured using a SEAP assay
kit. An adenovirus encoding a cytomegalovirus promoter driving GFP
was used as a shear-insensitive negative control.
Results: In response to a shear stress increase from 0.1 to
10 dynes/cm2, SEAP secretion increased by 36% from HUVECs,
compared to a 102% increase from SC cells; despite dramatically
different transduction efficiencies between cell types (~80% in
HUVECs vs ~2% in SC cells). Exposure to increased shear stress
also resulted in an increase in GFP expression in both endothelial
cell types as measured using three different methods: In HUVECs,
GFP fluorescence increased via confocal microscopy by 62%, and via
flow cytometry by 70%; whereas GFP protein expression increased
by 75%. In SC cells, GFP fluorescence increased via confocal
microscopy by 68%, and via flow cytometry, by 211%; while protein
expression increased by 133%.
Conclusions: The results suggest that both the eNOS-GFP and the
eNOS-SEAP adenoviruses are effective tools to study SC responses
to shear stress, having the capacity to localize and quantify shear
stress exposure of SC cells in situ or in vivo at different intraocular
pressures.
Commercial Relationships: Kristin M. Perkumas, None;
Nicole E. Ashpole, None; Joan Kalnitsky, None; W Daniel Stamer,
None
Support: EY019696
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Comparison of Aqueous Humor Dynamics Among Chinese and
Caucasian Adults
Shan Fan1, tao guo2, 3, Baojiang Chen4, Junqun Xiong5, Fang Wang2,
Carol B. Toris1, 6. 1Ophthalmology, Univ of Nebraska Medical Ctr,
Omaha, NE; 2Ophthalmology, Tenth People’s Hospital of Tongji
University, Shanghai, China; 3Ophthalmology, No. 9 People’s
Hospital of Shanghai Jiaotong University School of Medicine,
Shanghai, China; 4Department of Biostatistics, University of Texas
Health Science Center at Houston, School of Public Health, Austin,
TX; 5Department of Biostatistics, University of Nebraska Medical
Center, Omaha, NE; 6Ophthalmology, Case Western Reserve
University, Cleveland, OH.
Purpose: This study examines differences in aqueous humor
dynamics (AHD) in healthy Chinese and Caucasian adults that may
help to explain the difference in glaucoma prevalence in these ethnic
groups.
Methods: Data from two studies were compiled and compared.
Groups were comprised of young (between 20 and 30 years old, 32
Chinese and 39 Caucasians) and old adults (50 years and older,

37 Chinese and 46 Caucasians). Measurements included parameters
of aqueous humor dynamics and ocular biometrics. A generalized
estimating equation method was used to assess differences in AHD
between groups by adjusting for the other variables. The ordinal GEE
method was used to compare the ordinal variable, Shaffer Grade
between groups.
Results: In young Chinese compared to similarly-aged Caucasians,
central cornea thickness (CCT) was greater (adjusted effect=-29.27,
p<0.001); IOP was higher (adjusted effect=-2.33, p<0.001); anterior
chamber volume (ACV) was smaller (adjusted effect=28.78,
p<0.001) and uveoscleral outflow rate (Fu) was slower (adjusted
effect=0.54, p=0.007). In old Chinese compared to Caucasians,
the anterior chamber angle was smaller (Shaffer Grade, adjusted
OR=3.06, p=0.016); IOP was higher (adjusted effect=-1.97,
p<0.001); ACV was smaller (adjusted effect=33.15, p<0.001); and
outflow facility was greater (adjusted effect=-0.05, p=0.013). All
other parameters were not different between ethnic groups.
Conclusions: In Chinese compared to Caucasians, the cornea is
thicker which may contribute in part to the higher IOP measurement.
The smaller anterior chamber volume and narrower anterior chamber
angle support a slower rate of drainage through the uveoscleral
outflow pathway, despite faster aqueous flow. When separating young
and old groups, the ethnic difference in aqueous flow occurs only
in the old and in CCT occurs only in the young. The smaller AC
volume and narrower angle in Chinese together with higher aqueous
flow and lower uveoscleral outflow may increase their risk of narrow
angle glaucoma. On the other hand, the smaller outflow facility
in Caucasians might increase their risk of open angle glaucoma.
Such information potentially could lead to improved screening and
treatment options tailored towards specific ethnic groups.
Commercial Relationships: Shan Fan, None; tao guo, None;
Baojiang Chen, None; Junqun Xiong, None; Fang Wang, None;
Carol B. Toris, None
Support: Shanghai municipal commission of health and family plan
fund (20124100) ; RPB
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A Method to Expose the Inner Wall of Schlemm’s Canal in Mice
A T. Read1, Darryl R. Overby2, C R. Ethier1. 1Biomedical
Engineering, Georgia Institute of Technology, Atlanta, GA;
2
Department of Bioengineering, Imperial College London, London,
United Kingdom.
Purpose: The outflow region in mice exhibits remarkable
morphological homology to that in humans, including structural
similarities in Schlemm’s canal endothelia (SCE) pores and giant
vacuoles (GV). Due to size constraints, SCE study is hampered
by lack of a reliable method to expose the tissue. We describe a
protocol to dissect the inner wall (IW) in mice for scanning electron
microscopy (SEM) analysis.
Methods: A pair of mouse whole globes were fixed in 4%
paraformaldehyde, hemisected, the lens was removed and the anterior
pole was cut into eight wedges. Each sample, with inner surface
upward, was firmly affixed with superglue to a small piece of porcine
sclera for support. The outflow region was dissected and SC opened
by cutting along its anterior margin towards the posterior, until the
tissue detached. These presumptive IW samples were mounted on
a second piece of porcine sclera and processed for SEM, examined
and assessed for morphological quality, and the quantity of IW area
exposed (Fig 1).
Results: We were able expose IW in 11 of 16 (69%) samples
dissected. Each wedge had at least 0.0025 mm2 of continuous,
undamaged SCE visible, amounting to 0.014 mm2 per eye,
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representing 0.59% of the total IW area. By comparison studies in
human eyes have sampled 1.8% of the total IW area (Johnson et al.,
IOVS 2002). The SCE of mice possessed normal appearing GV and
pores, similar to those observed in human eyes (Fig 2).
Conclusions: The ability to expose a significant fraction of mouse
IW is an important tool for studying aqueous humor dynamics in the
mouse. The procedure can be accomplished with high quality, readily
available microdissection instruments and needs no specialized
equipment. However, the technique requires excellent hand-eye
coordination, microdissection skills and extensive practice to achieve
the level of success reported here.

Figure 2: SEM of the inner wall of SC: (A) Human and (B) mouse.
Note similar features including elongated SCE cells, I pores
(arrowhead), B pores (arrow) and giant vacuoles, some of which are
collapsed (*).
Commercial Relationships: A T. Read, None; Darryl R. Overby,
None; C R. Ethier, None
Support: Georgia Research Alliance and NIH BRP grant EY019696
Figure 1: Protocol: (A) Anterior half of eye cut into 8 wedges (B)
wedge turned on edge, depicting blade plane of section (C) wedge
affixed to porcine scleral support, opening up SC with razor blade
chip (D) wedge inverted after dissection, affixed to scleral support,
showing exposed IW region (E) wedges, dissected and prepared for
SEM (F) Fig 2 sample
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A mathematical model of aqueous humor dynamics and ocular
pulse amplitude
Anhtuan H. Nguyen, Jeffrey W. Kiel. Department of Ophthalmology,
University of Texas Health Science Center at San Antonio, San
Antonio, TX.
Purpose: To depict steady state aqueous humor dynamics and the
pulsatile nature of intraocular pressure (IOP) during physiological
and non-physiological conditions utilizing a mathematical model.
Studies have suggested that ocular pulse amplitude (OPA), which is
defined as the difference between the maximum and minimum IOP,
may play a role in glaucoma progression.
Methods: A mathematical model was developed in LabVIEW, a
visual programming language (National Instruments, Austin, TX).
The model establishes the relationships between ciliary and choroidal
hemodynamics, passive and active process of aqueous production,
aqueous outflow facility and the aqueous outflow via the trabecular
and uveoscleral pathways, and the IOP. The pulsatility of the model
is a polynomial function of heart rate and systemic blood pressure
to simulate the arterial pulse. The model is consistent with current
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concepts of aqueous dynamics and has been validated by a number of
in vivo studies.
Results: The model depicts the pulsatile nature of IOP at different
outflow facilities (figure 1). IOP increases nonlinearly as outflow
facility decreases. The model shows that as IOP increases the OPA
increases linearly (figure 2). At an average IOP of 18 mmHg the OPA
is 3.3 mmHg while at an average IOP of 49 mmHg the OPA is
9.2 mmHg.
Conclusions: The model accurately simulates the pulsatile nature of
aqueous humor dynamics in accordance with clinical observations.
The model is useful to study aqueous dynamics parameters that are
difficult to measure in vivo.

Figure 1: The effect on intraocular pressure (IOP) at different outflow
facilities (C, µL/min/mmHg).

Figure 2: The ocular pulse amplitude increases as the intraocular
pressure increases.
Commercial Relationships: Anhtuan H. Nguyen, None;
Jeffrey W. Kiel, None
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The influence of reversed light-dark cycle on circadian rhythm of
intraocular pressure in mice
Rie Suzuki, Shu Matsushita, Osamu Sakai, Hideki Tokushige.
Research & Development Division, Senju Pharmaceutical Co., Ltd,
Kobe, Japan.
Purpose: Circadian rhythm of intraocular pressure (IOP) shows
a biphasic pattern in mice. It has been reported that constant light
or dark exposure disrupted the biphasic pattern of IOP, suggesting
that the presence or absence of ocular light stimulation is one of the
key factors to control the circadian rhythm of IOP. However, the
influence of reversal of light-dark cycle on the circadian rhythm of
IOP remains to be clarified in mice. In this study, we examined the
influence of reversal of light and dark cycle on circadian rhythm of
IOP, and investigated the IOP-lowering effects of glaucoma drugs in
this model.
Methods: C57BL6J mice were exposed to two different light-dark
cycle, normal light-dark cycle (L/D cycle, turn on the light at 8AM,
off at 8PM) and reversed light-dark cycle (D/L cycle, off at 10AM,
on at 10PM). Before and 4, 7, 14, and 21days after light cycle
change, IOP was measured immediately after turning on and off light.
The effects of the glaucoma drugs; Latanoprost (LAT) and Timolol
(TIM) during daytime (D) and nighttime (N) in the each light-dark
cycle were evaluated.
Results: In the L/D cycle mice, IOP showed a normal biphasic
pattern (D; 17.4±0.2 mmHg, N; 24.1±0.3 mmHg). The reversed lightdark cycle disappeared the biphasic pattern of IOP at 4 days, and
inverted the circadian rhythm of IOP at 21 day (D; 22.8±0.3 mmHg,
N; 16.4±0.2 mmHg). In L/D cycle mice, LAT induced transient
increase of IOP 1 hour after administration and then gradually
reduced IOP in the daytime, but the transient increase of IOP by LAT
was not observed during nighttime. TIM and LAT decreased IOP
markedly stronger in the nighttime than in the daytime under L/D
cycle. In contrast, the responses to these drugs in lowing IOP were
inverted between daytime and nighttime under D/L cycle.
Conclusions: The reversed light-dark cycle inverted not only the
circadian rhythm of IOP, but also the pattern in IOP-lowering effect
of glaucoma drugs. The ocular light stimulation may be an important
factor to control the circadian rhythm of IOP. Furthermore, during
both nighttime under L/D cycle and daytime under D/L cycle, the
effects of glaucoma drugs are potent compared with those during
another period and, the transient IOP elevation by LAT, which was
not shown in human, was not observed. IOP measurement in the
daytime under D/L cycle could be useful option for evaluation of
glaucoma drugs.
Commercial Relationships: Rie Suzuki; Shu Matsushita, Senju
Pharmaceutical CO., LTD. (E); Osamu Sakai, Senju Pharmaceutical
CO., LTD. (E); Hideki Tokushige, Senju Pharmaceutical CO.,
LTD. (E)
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Comparison of Laser- and Circumlimbal Suture-Induced Ocular
Hypertension in Albino CD-1 Mice
Hsin-Hua Liu, Liwei Zhang, Lu Chen, John G. Flanagan. School of
Optometry and Vision Science, University of California Berkeley,
Berkeley, CA.
Purpose: To compare the intraocular pressure (IOP) profile and
retinal changes induced by i. laser cauterization of the episcleral veins
and limbal vessels and ii. circumlimbal suture, in CD-1 mice.
Methods: CD-1 mice were randomized to receive unilateral laser
photocoagulation of the episcleral veins combined with 270° limbal
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vessels (sparing nasal 90°, n=9) or circumlimbal suture (10/0 nylon,
n=31). IOP was measured immediately, 3 hours and 24 hours after
treatment, daily for the next 6 days, and, for a sub-group of the
suture model, every 3 days for the next 21 days. The suture group
was divided into 3 sub-groups depending on the level of the IOPspike immediately following suture placement, and the time period
of monitoring (acute, n=8; chronic 7 days, n=11; chronic 28 days,
n=12). Retinal nerve fiber layer (RNFL) thickness was measured
using optical coherence tomography (OCT). Retinal ganglion cell
(RGC) count was assessed using Brn3a staining (whole-mount).
Results: In the laser group, IOP was 15.7 ± 1.4 mmHg immediately
after treatment and 43.2 ± 2.9 mmHg at 3 hours, and it returned
to baseline (17.0 ± 1.7 mmHg) by day 7. In all suture groups, IOP
remained elevated at day 7. In the acute suture group, the IOP spike
was 62.0 ± 2.9 mmHg and 48.2 ± 3.2 mmHg at 3 hours. The IOP
spike was 43.2 ± 3.7 mmHg for the chronic suture 7 day group (33.8
± 3.8 mmHg at 3 hours) and 45.0 ± 3.8 mmHg for the chronic suture
28 day group (35.2 ± 2.3 mmHg at 3 hours). At day 28, IOP was
18.5 ± 1.2 mmHg in the sutured eyes and 15.8 ± 0.8 mmHg in the
control eyes. At day 7, RNFL was reduced by -14% ± 4% in the laser
group, -3% ± 1% in the chronic suture group (significantly less than
the laser group; p<0.001), and -23% ± 3% in the acute suture group,
(significantly higher than the laser group; p<0.001). A similar result
was found for the RGC count at day 7 (laser group: -32% ± 3%;
chronic suture group: -5% ± 2%; acute suture group: -47% ± 6%).
In the chronic suture 28 day group, a progressive loss of RNFL was
observed (-5% ± 2% at day 14; -9% ± 2% at day 28). The loss of
RGCs was -19% ± 6% at day 28.
Conclusions: The laser and suture models were both able to induce
inner retinal defect in CD-1 mice. The acute suture model generated
rapid loss of RGCs when compared to the gradual loss caused by the
chronic suture model. The laser model appeared to be more acute in
nature, giving a rapid loss in RNFL thickness and RGCs.
Commercial Relationships: Hsin-Hua Liu, None; Liwei Zhang,
None; Lu Chen, None; John G. Flanagan, Eyecarrot (S), Carl Zeiss
Meditec (C)
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Repeated Ozurdex injections do not increase the frequency of
ocular hypertension beyond 30 mmHg
Sepehr Bahadorani2, Michael Jansen2, Wayne Tie2,
Chelsey Krambeer1, Daniel Kermany1, Michael Singer1. 1Medical
Center Ophthalmology Associates, San Antonio, TX; 2University of
Texas Health Science Center at San Antonio, San Antonio, TX.
Purpose: Elevated intraocular pressure (IOP) is a major downside
to Ozurdex and yet, it is not clear how repeated injections affect the
incidence of ocular hypertension (OHT). The purpose of this study
was to correlate the frequency and degree of OHT with the number
of dexamethasone intravitreal implant injections. We hypothesize
that sequential applications of dexamethasone implants increases the
incidence of mild, moderate, and severe ocular hypertension.
Methods: An IRB-approved retrospective review was conducted
on patients that received one or more dexamethasone implants. The
primary outcome included highest mean IOP and frequency/degree
of OHT that developed following treatments. The degree of OHT
was defined as IOP measurements of ≥23 (mild), ≥25 (moderate),
or ≥30 (severe) mmHg. The main indications for treatment were
uveitis, diabetic macular edema (DME), and branch (BRVO) or
central (CRVO) retinal vein occlusion. Statistical significance was
determined using one analysis of variance [ANOVA].
Results: A total of 183 injections were studied for 171 patients (183
eyes), where 139 eyes received a single injection, 25 eyes received

two injections, and 19 eyes received three injections. The frequency
of OHT was: mild [31%, 26%, 53%], moderate [26%, 24%, 42%],
and severe [12%, 12%, 11%] for single, two, or three injections.,
The mean IOP did not significantly differ for one injection [21.7 +
0.64], two [21.8 + 1.13], or three injections [23.4 + 1.28] (p-value
> 0.05). Following a single injection, patients with primary open
angle glaucoma (POAG) had a significantly higher IOP [25.1 + 1.7]
compared to patients with no medical or family history of glaucoma
[20.8 + 0.65] (p-value = 0.004). Patients with uveitis [24.3 + 1.7] had
the highest IOP after single injection followed by CRVO [21.8 + 1.4],
BRVO [21.1 + 1.1], and DME [20.7 + 1.1] groups (uveitis versus
DME p-value = 0.054).
Conclusions: Results of this study show that sequential
dexamethasone implant injections increase the incidence of mild
and moderate ocular hypertension, but not severe hypertension.
Therefore, the IOP elevating effects of dexamethasone are not
cumulative. Patients with uveitis had the highest IOP presumably due
to previous treatments with steroids. Finally, given their increased
susceptibility for IOP elevations, dexamethasone implants should be
used with caution in patients with POAG.
Commercial Relationships: Sepehr Bahadorani, None;
Michael Jansen, None; Wayne Tie, None; Chelsey Krambeer,
None; Daniel Kermany, None; Michael Singer, Precision
consultant (F), Optos, Eyegate Clearside research (F), Alimera Aerpio
Ampio research and Consultant (F), Allergan Regeneron Genentech
consultant speaker and research (F)
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Evaluation of transport time of lipids in anterior segment organ
cultures fitted in 3D-printed holding structures
Ravin Sajnani, Genea Edwards, Sanjoy K. Bhattacharya. University
of Miami, Tampa, FL.
Purpose: Bioactive lipids could be potential modulators of cellular
regulatory processes. We attempted to determine the transport time
of selected lipids in the anterior segment angle region using anterior
segment explants fixated on 3D-printed holding structures.
Methods: Human anterior segment explants (n = 5 each male and
female, all Caucasian, age 60±15 years) were prepared following
established methods from non-glaucomatous cadaveric donor eyes
free from apparent corneal defect. Phosphatidylcholine (m/z 649.90),
phosphatidylserine (m/z 810.03), and sphinganine (m/z 301.52)
lipid standards with or without fluorescent head group modification
were procured (from Avanti Polar Lipids and Echelon Biosciences).
Autodesk Fusion360 software was used to create a 3D holding
structure. Transport time was calculated after topical application
of lipids on the corneal surface and sampling from ports located at
the pseudo-iridocorneal angle at various time points. We term the
pseudo-iridocorneal angle to describe the location which will be
near equivalent to iridocorneal angle in the eye in vivo. The samples
were subjected to lipid extraction, identified, and quantified using
mass spectrometry. The fluorescent analogs also allowed parallel
quantification using fluorescent measurement from the same samples
prior to mass spectrometric analyses.
Results: The identification of lipids necessitated lipid extraction.
Direct identification of lipids without lipid extraction was erroneous.
We found little difference in the transport of phosphatidylcholine
(PC) with or without a vehicle. Fluorescent analogs of
phosphatidylserine took slightly longer time than PC to reach the
pseudo-iridocorneal angle. We found 35-80 percent of applied
PC lipids reach the pseudo-iridocorneal angle in anterior segment
cultures when used topically in our model.
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Conclusions: Topical application of phospholipids results in their
transport to the pseudo-iridocorneal angle. The 3D structure provides
a good system to hold the anterior segment in a desirable manner for
evaluation of the transport of lipids and their fluorescent analogs.
Commercial Relationships: Ravin Sajnani, None;
Genea Edwards, None; Sanjoy K. Bhattacharya, None
Support: NIH Grant EY16112, DoD grant W81XWH-15-1-0079,
A Coulter Center Translational Grant
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The Effect of the Maximal Aerobic Exercise Test on Intraocular
Pressure
Eliska Najmanova, Frantisek Pluhacek. department of optics,
Palacky Univerzity Olomouc, Olomouc, Czech Republic.
Purpose: It is known that a single aerobic physical activity causes
the intraocular pressure (IOP) decrease which is depend on its value
(IOPr) and physical fitness level, but the effect of the vigorous
aerobic exercise is unknown. The goal of this study is to find out the
influence of IOPr and the physical fitness level on the changes in IOP
during the resting time after the vigorous physical aerobic activity.
The physical fitness level is represented by maximal oxygen uptake
(VO2max).
Methods: Twenty-four participants gradually underwent the three
parts of the measurement. The IOPr was measured after resting time
in the supine position. A treadmill was used to attain maximal effort
activity. Continuous analysis of breath-by-breath ventilation and
gas exchange for calculating the VO2max was also carried out. The
participants finally had a 30 min cool down in the supine position.
Simultaneously the IOP was measured in 5 min intervals. Based on
IOPr or VO2max, the subjects were divided into lower (IOPr ≤
17.40 mmHg) and higher (IOPr > 17.40 mmHg) IOP groups and
lower and higher fitness groups (VO2max ≤ 38.65 and VO2max >
38.65 mmHg). The results were statistically analysed by ANOVA
with a significance level of 5%.
Results: The IOP values before and after the exercise did not
differ significantly (p = 0.12). However, the lower IOPr revealed
a significant increase in IOP (with a mean value 3.0 mmHg and
standard deviation 3.7 mmHg) after exercise in comparison with
the higher IOPr (with a mean difference 0.2 mmHg and standard
deviation 3.3 mmHg) (p = 0.0069). This relationship corresponds to
the significant correlation between IOPr and its change after exercise
averaged over time with the coefficient r = -0.71. The effects of
VO2max on IOP changes were insignificant (p = 0.61) as well as the
VO2max interaction with IOPr (p = 0.48).
Conclusions: The negative correlation between the IOP initial value
and its change after the strain activity was proved (the lower IOPr
gives the higher IOP increase). Previous findings in terms of a single
physical activity revealed a similar trend. The overall change of the
IOP was insignificant after the strain activity. No relationship was
found between IOP change and individual VO2max value.
Commercial Relationships: Eliska Najmanova, None;
Frantisek Pluhacek
Support: PrF UP grant no. IGA_PrF_2017_003
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Stimulation of TRPV4 induces aralkylamine N-acetyltransferase
(AANAT) phosphorylation and melatonin production via Cacalmodulin pathway in human ciliary body epithelial cells
Jesus J. Pintor, Hanan A. Alkozi, Maria J. Perez de Lara. Bioquimica
y Biologia Molecular IV, E U de Optica UCM, Madrid, Spain.

Purpose: To study the regulation by phosphorylation of aralkylamine
N-acetyltransferase (AANAT) when the TRPV4 channel present
in human ciliary body epithelial cells is activated, measuring also
melatonin production.
Methods: Non-pigmented ciliary epithelial cells were supplied
by Dr. Coca-Prados. Cells were stimulated with TRPV4 agonists
and antagonist (such as GSK1016790A or RN-1734), and the
expression of p-AANAT was measured by western-blot (ab3439,
1:1000, Abcam). Melatonin concentrations were quantified by HPLC
equilibrating the system with 40% methanol, 60% H2O, measuring at
a flow rate of 0.8 ml/min and at a wavelength of 244nm.
Results: First it was determined the adequate time and dose of the
TRPV4 agonist GSK1016790A to reach the maximal phosphorylation
of AANAT. An increase of 36% was observed after 5 minutes
incubation with 10nM GSK (**p<0.05, n=6) with a concomitant
rise in melatonin synthesis. The involvement of a TRPV4 channel
was verified by antagonist and siRNA studies as a previous step
to study intracellular signalling. Studies performed on the second
messengers involved in GSK induced AANAT phosphorylation
were carried out by inhibiting several pathways. As a conclusion,
the activation of calmodulin and calmodulin-dependent protein
kinase II was confirmed this being the cascade involved in AANAT
phosphorylation (***p<0.001 for both inhibitors vs. GSK; n=4). This
mechanism was also established measuring melatonin levels.
Conclusions:
In conclusion, the activation of a TRPV4 present in human
ciliary body epithelial cells produced an increase in AANAT
phosphorylation and a further melatonin increase by a mechanism in
which Ca-calmodulin and the calmodulin-dependent protein kinase II
are involved.
Commercial Relationships: Jesus J. Pintor, None;
Hanan A. Alkozi, None; Maria J. Perez de Lara, None
Support: SAF2013-44416-R], [SAF2016-77084R], and RETICS
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A 12-Month Study of the ENV515 (Travoprost) Intracameral
Implant on Intraocular Pressure in Beagle Dogs
RiLee Robeson1, Rozemarijn S. Verhoeven1, Andres Garcia1,
Sanjib Das1, Kristie Hamby1, Melissa Hernandez1,
Glenwood G. Gum2, Benjamin R. Yerxa1, Tomas Navratil1. 1Envisia
Therapeutics, Durham, NC; 2Absorption Systems, San Diego, CA.
Purpose: ENV515 (travoprost) Intracameral Implant is a
biodegradable extended-release polymer drug delivery system
designed to address multiple shortcomings of current topical
treatments for glaucoma Previously, the low dose formulation,
ENV515-3, successfully demonstrated 6 months of IOP lowering
effect in the Beagle dog, and 9 months of IOP lowering effect in
humans. Currently, we are evaluating the full duration of action of the
high dose formulation, ENV515-3-2, in the Beagle dog for up to
12 months in a non-GLP efficacy study.
Methods: High dose ENV515-3-2 (travoprost) implants were
manufactured aseptically utilizing the PRINT© technology. Beagle
dogs (3 males/group) were given a single bilateral intracameral
administration of ENV515-3-2 (2 implants/eye) and were followed
for up to 12 months. Animals were evaluated every two weeks for
intraocular pressure (IOP).
Results: Two ENV515-3-2 implants were successfully dosed in the
Beagle dog. Following a single bilateral intracameral administration
of 2 ENV515-3-2 (travoprost) implants, the high dose formulation
demonstrated at least 7 months of IOP lowering with an average
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treatment effect of 38% (±4.0%) decrease in IOP from baseline, or an
average decrease of 9.4 ±1.2 mmHg from baseline (24.7 mmHg).
Conclusions: A single bilateral intracameral administration of two
ENV515 (travoprost) implants demonstrated at least 7 months of
IOP lowering with an average treatment effect of 38% (±4.0%)
decrease in IOP from baseline. Based on the previous correlation of
efficacy between the Beagle dog and humans following the low dose
ENV515-3 formulation, these high dose results in the Beagle dog
suggest the potential for 12 months of IOP lowering effect in humans
comparable to that achieved with topical Travatan Z.
Commercial Relationships: RiLee Robeson;
Rozemarijn S. Verhoeven, Envisia Therapeutics (E);
Andres Garcia, Envisia Therapeutics (E); Sanjib Das, Envisia
Therapeutics (E); Kristie Hamby, Envisia Therapeutics (E);
Melissa Hernandez, Envisia Therapeutics (E); Glenwood G. Gum,
None; Benjamin R. Yerxa, Envisia Therapeutics (E);
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INHIBITORY ACTION OF MITOCHONDRIAL-TARGETING
HYDROGEN SULFIDE RELEASING COMPOUNDS ON
PORCINE ISOLATED IRIDES
Sunny E. Ohia1, Jenaye Robinson1, Kalu Ngele1, Matthew Whiteman2,
Catherine A. Opere3, Ya Fatou Njie-Mbye1. 1Department of
Pharmaceutical Sciences, Texas Southern University, Houston, TX;
2
Institute of Biomedical and Clinical Science, Peninsula Medical
School, Exeter, United Kingdom; 3Department of Pharmacy Sciences,
Creighton University, Omaha, NE.
Purpose: We have previously reported that hydrogen sulfide (H2S)releasing compounds can elicit relaxation of pre-contracted ocular
vascular and non-vascular smooth muscles. In the present study,
we compared the pharmacological actions of novel mitochondrialtargeting H2S-releasing compounds (AP39, AP123, and RT-01) with
a non-mitochondria acting H2S releasing compound, ADT-OH in
pre-contracted porcine isolated irides.
Methods: Isolated porcine iris muscle strips were set up in organ
baths containing oxygenated Krebs buffer solution that is maintained
at 37° C and gassed with 95% O2 and 5% CO2. The muscle strips
were set to an initial resting tension of 0.15 g and longitudinal
isometric tension was recorded via a grass FT03 Force-Displacement
Transducers and analyzed using the PolyView computer software.
Pharmacological actions of AP39, AP123 and RT-01 were assessed
in the presence of tone induced by submaximal concentrations of
the muscarinic agonist, carbachol. The cyclo-oxygenase inhibitor,
flurbiprofen (10 µM) was added to Krebs buffer solution during the
incubation period and was present for duration of the experiments.
ADT-OH was used as a positive control in experiments using AP39,
AP123 and RT-01 since it lacked the mitochondrial targeting moiety.
Results: The mitochondrial-targeting H2S-releasing compounds,
AP39 (1 nM – 10 µM), RT-01 (1 nM – 10 µM) and AP123 (1 nM
– 10 µM) elicited concentration-dependent relaxations of carbacholinduced tone. The rank order of activity was as follows (IC50): AP39,
50 nM (n = 10); RT-01, 100 nM (n = 4); and AP123, 300 nM (n = 4).
Likewise, the non-mitochondrial-targeting H2S donor, ADT-OH
(1 nM – 10 µM) caused a concentration-dependent relaxation of
porcine irides with an IC50 of 50 nM (n = 8).
Conclusions: We conclude that both novel mitochondria-targeting
H2S-releasing compounds and their control counterpart can elicit
relaxation of isolated porcine irides. It appears that the inhibitory
response caused by these H2S-releasing compounds in the porcine

iris smooth muscle does not depend upon an effect on mitochondrial
storage sites.
Commercial Relationships: Sunny E. Ohia; Jenaye Robinson,
None; Kalu Ngele, None; Matthew Whiteman, None;
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Netarsudil increases size of giant vacuoles in Schlemm’s canal of
perfused human eyes
Kevin Wu1, Ruiyi Ren1, 2, Guorong Li3, Casey Kopczynski4,
W Daniel Stamer3, Haiyan Gong1, 2. 1Ophthalmology, Boston
University School of Medicine, Boston, MA; 2Anatomy and
Ophthalmology, Boston University School of Medicine, Boston,
MA; 3Ophthalmology, Duke University, Durham, NC; 4Research and
Development, Aerie Pharmaceuticals, Inc, Research Triangle Park,
NC.
Purpose: Phase 3 clinical trials of Netarsudil, an inhibitor of Rho
kinase/norepinephrine transporter, have shown promising results as a
potential new treatment for glaucoma. Netarsudil lowers intraocular
pressure primarily by increasing trabecular outflow facility; however,
the mechanisms by which outflow facility is increased have yet to be
fully elucidated. This study tested the hypothesis that one mechanism
by which Netarsudil increases outflow facility is through its effects
on giant vacuole (GV) formation along the inner wall of Schlemm’s
Canal (SC).
Methods: Five pairs of normal human eyes were perfused with
phosphate buffered saline containing 5.5mM glucose (GPBS) at
15 mmHg to establish a stable baseline. One eye of each pair was
then exchanged (5mL) and perfused with 0.3μM Netarsudil-M1, the
active metabolite of Netarsudil, for 3 hours, while the contralateral
eye was treated with vehicle in GPBS. After tracer labeling of the
outflow pattern, perfusion-fixation and sample processing, 2μm
frontal sections were obtained from high and low tracer regions
of each eye. Light microscope images were taken using a 40x
objective along the inner wall of SC. ImageJ was used to measure the
density and cross-sectional area (size) for each GV. Student T-test,
nonparametric Mann-Whitney U test, linear regression and chi square
test were performed with a required significance of p < 0.05.
Results: A total of 2787 GVs were analyzed between the controls
(1554 GVs) and Netarsudil treated eyes (1233 GVs). No significant
difference in density of GVs was found between untreated and
treated eyes (p=0.22). The average size of GVs in Netarsudil treated
eyes (15.2 ± 1.3μm2) were significantly larger than in control
eyes (11.0±1.3μm2, p<0.05). The percentage of GV ≥35μm2 (the
size required for pore formation by another study in the lab) is
significantly increased after Netarsudil treatment (9.89% vs. 5.60%,
p<0.001). There is a significant positive correlation between GV size
and percentage change in outflow facility (p=0.02).
Conclusions: Our results suggest that one of the mechanisms by
which Netarsudil increases outflow facility is through increasing the
size of GVs, especially the prevalence of GVs ≥ 35μm2. This is the
first time a drug-induced change in SC has been directly correlated
with an increase in outflow facility.
Commercial Relationships: Kevin Wu, Aerie Pharmaceuticals, Inc
(F); Ruiyi Ren, Aerie Pharmaceuticals, Inc (F); Guorong Li, Aerie
Pharmaceuticals, Inc (F); Casey Kopczynski, Aerie Pharmaceuticals,
Inc (E); W Daniel Stamer, Aerie Pharmaceuticals, Inc (F);
Haiyan Gong, Aerie Pharmaceuticals, Inc (F)
Support: National Institute of Health Grant EY022634 and
EY019696, Aerie Pharmaceuticals Inc, The Massachusetts Lions Eye
Research Fund
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Insights from comparative proteomic profiling of aqueous humor
and plasma
Darrell WuDunn1, Melissa Key3, Fernanda Rankin2, Susanne Ragg2.
1
Department of Ophthalmology, Indiana Univ Sch of Medicine,
Indianapolis, IN; 2Pediatrics, Indiana University School of Medicine,
Indianapolis, IN; 3Biostatistics, Indiana University, Indianapolis, IN.
Purpose: To better understand the influence of the aqueous humor
proteome on ocular physiology, it is critical to differentiate between
aqueous proteins derived from ocular structures from bloodderived proteins that diffuse into aqueous humor. By comparing
the concentration of various proteins in aqueous humor and in
plasma, we sought to identify proteins that are present in higher
concentrations than would be expected from blood-derived proteins.
A similar method has been used for the cerebrospinal fluid (CSF)
proteome.
.
Methods: Aqueous humor and blood samples were obtained during
cataract surgery on an IRB-approved protocol. For high abundance
proteins, liquid chromatography tandem mass spectrometry (LCMS/MS) was used to screen for proteins that could be quantified by
ELISA. ELISA was performed on 40 aqueous humor and 26 plasma
samples. For low abundance proteins, 174 proteins were screened by
protein-antibody (Quantibody) arrays for their presence in aqueous
humor. Of these, 70 were within the linear range of the standards
and were further analyzed using a set of 104 aqueous and 20 plasma
samples. The aqueous-plasma ratio (AQ:PL) was calculated for each
protein.
Results: A total of 110 proteins were found that had reliable
concentration measurements in both aqueous humor and plasma.
By LC-MS/MS, we identified 56 high confidence proteins, of which
14 were unique to aqueous humor and 42 were plasma proteins.
ELISA data was obtained on 40 proteins while Quantibody array
data was obtained on 70 proteins. Various AQ:PLs included 11:1 for
osteopontin (MW 44 kDa), 1:304 for albumin (MW 67 kDa), 1:576
for IgG (MW 150 kDa), and 1:3467 for alpha-2 macroglobulin
(MW 718 kDa). The correlation between log(AQ:PL) and molecular
weight (MW) was -0.58 (p=0.003) and the correlation between
log(AQ:PL) and log(MW) was -0.74 (p<0.0001).
Conclusions: Protein concentration in aqueous humor, relative
to plasma, is non-linearly dependent on MW. Similar to CSF, the
concentration of blood-derived proteins in aqueous humor appears to
be the consequence of passive, molecular size-dependent diffusion,
although the AQ:PLs are slightly lower than published CSF:PLs. A
small fraction of aqueous humor proteins originate within the eye
and for some of these proteins, the blood contributes a non-negligible
fraction to the aqueous concentration. The AQ:PL of similarly sized
proteins may help predict the blood-derived contribution for these
proteins.
Commercial Relationships: Darrell WuDunn, None; Melissa Key,
RayBiotech (F); Fernanda Rankin, None; Susanne Ragg,
RayBiotech (F)
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Fabrication of a micellar supramolecular hydrogel for ocular
drug delivery
zhao liang zhang, Hao Chen, Xing Yi Li. School of Ophthalmology
& Optometry and Eye Hospital, Wenzhou Medical University, Wen
Zhou, China.

Purpose: Topical instillation of ophthalmic drugs remains a widely
accepted topical administration route in the clinical treatment, even
though the poor ocular bioavailability after instillation, with less
than 5% of the total drug. The unique structural organization of
the eye blocking the drug penetration and accelerate the removal
of formulation from the ocular surface. This study tried to prepare
a micellar supramolecular hydrogel through a simple method that
allows more efficient ocular drug delivery.
Methods: The micellar supramolecular was composed of a lowmolecular-weight methoxy poly(ethylene glycol) (Mn=2000 Da)
block polymer and α-cyclodextrin (α-CD) and prepared by a simple
mixing of aqueous block polymer micelles and α-CD aqueous
solution. The resultant micellar supramolecular hydrogels were
characterized by rheological studies. In vitro cytotoxicity assay using
the MTT assay, Draize test, fluorescein staining and histopathological
were carried out for biocompatibility study. In vitro drug release and
in vivo aqueous humor pharmacokinetics were also conducted.
Results: The micellar supramolecular hydrogels were formed
through host-guest inclusion and exhibited thixotropic properties.
The hydrogels showed relatively low cytotoxicity towards L-929
and HCEC cells and did not significantly affect the migration
of the latter after 24 h incubation. The hydrogel was nonirritant
towards the rabbit eye, as indicated by the Draize test fluorescein
staining, and histological observation. Nile Red-labeled micellar
supramolecular hydrogel showed that it could significantly extend the
retention time on the corneal surface in rabbits, compared with the
micellar formulation. In vitro release studies indicated that the α-CD
concentration strongly influenced the release rate of diclofenac (DIC)
from supramolecular hydrogel. In vivo pharmacokinetics indicated
that the ocular drug bioavailability of the hydrogel was almost 2 folds
than the micellar formulation.
Conclusions: The developed micellar supramolecular hydrogel
exhibited relatively low cytotoxicity and could greatly extend the
drug retention time on the rabbit corneal surface, significantly
improve ocular drug bioavailability. These results suggest that the
developed micellar supramolecular hydrogel offers great potential in
ocular drug-delivery applications.
Commercial Relationships: zhao liang zhang; Hao Chen, None;
Xing Yi Li, None
Support: Zhejiang Medicines Health Science and Technology
Program (Grant No. 2014KYB162)
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The role of cellular connections in Schlemm’s canal endothelial
cells in regulating segmental aqueous outflow
Julia Lai1, Yanfeng Su1, Davy Huang1, Haiyan Gong1, 2.
1
Ophthalmology, Boston University School of Medicine, Boston,
MA; 2Anatomy & Neurobiology, Boston University School of
Medicine, Boston, MA.
Purpose: Aqueous outflow is segmental. Increased outflow facility
by Rho-kinase inhibitors was found to be associated with increased
high-flow areas, which was in turn associated with expansion of
juxtacanalicular connective tissue (JCT) and disconnections between
Schlemm’s canal (SC) inner wall endothelium and JCT. This suggests
that changes in cellular connectivity may play a role in segmental
outflow regulation. This study aimed to determine whether there are
differences in cellular connections, giant vacuoles (GVs), and pores
between high-flow and non-flow areas of normal eyes.
Methods: Two normal human eyes were perfused at 15 mmHg and
exchanged with fluorescent tracer to establish high- and non-flow
areas based on tracer distributions in global imaging. Radial sections
of SC from high-flow and non-flow areas were processed for serial
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block-face scanning electron microscopy (SBF-SEM). SC cells were
3D-reconstructed based on SBF-SEM images of high-flow areas
(N=11 cells) and non-flow areas (N=11 cells). GVs, transcellular
I-pores, and paracellular B-pores were reconstructed for geometric
and volumetric analyses. In each SC cell, the number of cellular
connections with its underlying JCT cells/matrix was determined.
Overlap length was measured to determine the overlap amount
between adjacent SC cell borders. Data were compared between
high- and non-flow areas using unpaired t-test.
Results: The number of SC/JCT connections significantly decreased
in high-flow (72±10, N=11 cells) vs. non-flow areas (107±10,
N=11 cells; p<0.01). Summed GV volume in individual SC cells
significantly increased in high-flow (251.01±31.06 μm3) vs. nonflow areas (98.15±14.92 μm3; p<0.01). I-pores were found only in
larger GVs (≧42 μm3). Overlap length between SC cells significantly
decreased in high-flow (0.70±0.22 μm) vs. non-flow areas
(1.07±0.20 μm; p<0.03). B-pores were found only in regions of zero
overlap. More pores were found in high-flow (13 I-pores;8 B-pores)
vs. non-flow areas (3 I-pores;0 B-pores).
Conclusions: 3D-EM reconstruction allowed us to reliably quantify
cellular connections, GV size, and pore count that no 2D-imaging
methods currently can. Our data suggest that decreased SC/JCT
connectivity and SC endothelial cells connectivity in high-flow areas
may promote GV and pore formations, thereby contributing to the
regulation of segmental aqueous outflow.
Commercial Relationships: Julia Lai, None; Yanfeng Su, None;
Davy Huang, None; Haiyan Gong, None
Support: BrightFocus G2016099, NIH EY022634, The
Massachusetts Lions Eye Research Fund

Conclusions: In vivo aqueous angiography is an effective technique
to understand the outflow vasculature of normal rabbit. This imaging
methodology may be extended to evaluate glaucoma therapies that
are designed to enhance aqueous outflow.

Figure 1. Representative image of rabbit aqueous outflow.
Commercial Relationships: Susan S. Lee, Allergan, Inc. (E);
Alexandra Almazan, Allergan, Inc. (E); James A. Burke, Allergan,
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In Vivo Angiographic Study of Normal Rabbit Aqueous Outflow
Susan S. Lee, Alexandra Almazan, James A. Burke,
Michael R. Robinson. Allergan, Inc., Irvine, CA.
Purpose: Rabbits are a commonly used as a model for glaucoma
research, however, the dynamic aqueous outflow pathway has not
been clearly defined. We aim to describe rabbit aqueous outflow in
vivo using an angiographic imaging methodology.
Methods: Under an approved AACUC protocol, 4 normal Dutch
Belted rabbits were anesthetized with an intravenous combination
of ketamine and xylazine, and 1 eye of each rabbit was injected
intracamerally with 5 µL of 2.5 mg/mL indocyanine green (ICG)
(Akorn, Inc., Lake Forest, Illinois). Aqueous outflow vasculature was
imaged at 10 minute intervals following ICG injection up to
40 minutes with the confocal scanning laser ophthalmoscopic feature
of the Spectralis HRA+OCT (Heidelberg Engineering, Germany).
Optical coherence tomography images were simultaneously acquired.
Results: Perilimbal vessels (i.e. trabecular plexus, Figure 1) appear
to fill with aqueous as early as 10 minutes and are seen 360 degrees
around the limbus. Aqueous from the trabecular plexus drains
posteriorly to radially oriented episcleral outflow vessels which are
heavily concentrated at the 12 o’clock position over the superior
rectus muscle, and to a lesser degree at the 6 o’clock position over
the inferior rectus muscle. Real time videos show the aqueous flow to
be pulsatile. Aqueous draining posteriorly from the trabecular plexus
appears to also drain into deeper, radially oriented, larger diameter
intrascleral vessels (i.e. intrascleral plexus). Two rabbits showed a
single large diameter drainage vessel emanating from the aqueous
plexus in the superior nasal quadrant. Fellow eyes of rabbits exhibited
no ICG signal, suggesting signal detected was due to aqueous
drainage and not due to ICG in the systemic circulation.
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