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ABSTRACT

Purpose: To determine if low doses of topical latrunculin B (LAT-B) will increase outflow facility and decrease intraocular pressure (IOP) without adversely affecting the cornea, and inhibit miotic and accommodative responses to pilocarpine, in ocular normotensive monkeys.
Methods: Intraocular pressure was measured by Goldmann tonometry before and after one and nine dose(s) of 0.005%
and 0.01% topical LAT-B/vehicle given twice daily on successive weeks. Outflow facility was then measured by perfusion
following 15 doses. Central corneal thickness was measured by ultrasonic pachymetry before and after one and nine
dose(s) of 0.01% LAT-B/vehicle. Pupillary diameter (calipers) and accommodation (refractometry) before and after one
dose of 0.005% and 0.02% LAT-B were determined.
Results: LAT-B dose-dependently decreased IOP, multiple doses more than a single dose. Maximal hypotension after one
dose was 2.5 ± 0.3 mm Hg (0.005% LAT-B; n = 8; P < .001) or 2.7 ± 0.6 mm Hg (0.01% LAT-B; n = 8; P < .005); maximal hypotension after nine doses was 3.2 ± 0.5 mm Hg (0.005% LAT-B; n = 8; P < .001) or 4.4 ± 0.6 mm Hg (0.01%
LAT-B; n = 8; P < .001). Outflow facility was increased by 75 ± 13% (n = 7; P < .005). Central corneal thickness was not
changed after one or nine dose(s) of 0.01% LAT-B. The miotic and accommodative responses to intramuscular pilocarpine were dose-dependently inhibited. At 0.02% LAT-B, the inhibition of miosis was essentially complete when
compared with the pre-LAT-B value, whereas the inhibition of accommodation was only about 25%. At 0.005% LAT-B,
the effects were trivial.
Conclusions: In ocular normotensive monkeys, 0.005/0.01% LAT-B administered topically increases outflow facility
and/or decreases IOP, but does not affect the cornea. Multiple doses reduce IOP more than a single dose. LAT-B dosedependently relaxes the iris sphincter and ciliary muscle, with some separation of the miotic and accommodative effects.
Trans Am Ophthalmol Soc 2004;102:251-259

INTRODUCTION

Latrunculins, macrolides isolated from the marine sponge
Latrunculia magnifica, are specific and potent actindisrupting agents that sequester monomeric G-actin,
leading to the disassembly of actin filaments.1-3
Latrunculins A and B (LAT-A and B) are two common
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latrunculins, which cause reversible dose- and timedependent destruction of actin bundles and associated
proteins in varieties of cultured cells, including human
trabecular meshwork cells.1-7 In living monkeys, both LATA and LAT-B increase outflow facility and decrease
intraocular pressure (IOP).6,8,9 LAT-B also increases
outflow facility in organ-cultured anterior segment of
porcine eyes,5 suggesting a direct effect on outflow resistance in the conventional drainage pathway. The latter has
been confirmed by a recent morphologic study of the
trabecular meshwork in the live monkey eye (Tian B, et al,
ARVO, 2004; abstract). Since LAT-B, compared with
LAT-A, is more potent in increasing outflow facility6,8 and
produces smaller transient increases in aqueous humor
formation, corneal endothelial permeability, and protein
concentration in the anterior chamber,9 LAT-B may be a
better candidate than LAT-A as a potential antiglaucoma
medication. However, a single dose of 20 µL of 500 µM
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(~0.02%) LAT-B administered topically, which decreases
IOP in living monkeys,9 still produces a transient increase
in corneal thickness when applied to the central cornea as
four drops of 5 µL volume.9 Presumably, multiple treatments with the high concentration of LAT-B might induce
more apparent side effects in the cornea.
We hypothesized that repetitive lower concentrations
and total doses in higher-solution volumes, spread out
over the entire corneal or conjunctival surface in the
larger human eye, might minimize or avoid corneal toxicity induced by high concentrations of cytoskeletal drugs
without attenuating their effects on outflow resistance.9,10
To test this hypothesis, we determined the effects of a
single dose or multiple doses of 0.005/0.01% topical LATB on outflow facility, IOP, and/or central corneal thickness
in normotensive monkey eyes. To learn more about the
drug-induced changes in the anterior segment physiology,
the pupil diameter and accommodation following
0.005/0.02% topical LAT-B were also determined.
METHODS

Animals and Anesthesia
Twenty-seven adult normal cynomolgus monkeys (Macaca
fascicularis) of both sexes, weighing 3 to 8 kg, were studied. All experiments were conducted in accordance with
University of Wisconsin and National Institutes of Health
guidelines, and with the ARVO Statement for the Use of
Animals in Ophthalmic and Visual Research. All monkeys
were free of anterior chamber cells and flare by slit-lamp
biomicroscopy when studied. Anesthesia for tonometry or
pachymetry was induced with intramuscular ketamine (10
mg/kg) and maintained with supplemental intramuscular
injections as required (usually 5 mg/kg every 30 to 45
minutes). Anesthesia for anterior chamber perfusion or
refractometry was induced with intramuscular ketamine
(10 mg/kg), followed by intravenous pentobarbital sodium
(15 mg/kg).
Drug Preparation and Administration
LAT-B was obtained from Sigma Chemical Co (St Louis,
Missouri) and stored as a 2 mM stock solution in dimethyl
sulfoxide (DMSO; Sigma Chemical Co) at –20°C. LAT-B
solutions for topical administration were freshly prepared
in Bárány’s solution11 with 25% DMSO. Twenty microliters
of 0.005% (1 µg/20 µL), 0.01% (2 µg/20 µL), or 0.02% (4
µg/20 µL) LAT-B were composed of 1.26, 2.53, or 5.00 µL
of 2 mM LAT-B stock solution and 3.74, 2.47, or 0.00 µL
of DMSO plus 15 µL of Bárány’s solution. The 25%
DMSO served as a vehicle control. In IOP protocols, the
drug or vehicle solution was administered to the central
cornea of opposite eyes of either ketamine-anesthetized
(day 1 and day 5; 4×5 µL drops) or fully conscious and
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manually restrained monkeys (day 2 through day 4; 2×10
µL drops) twice daily for 4.5 days at 8 AM and 4 PM. Eye
drops were administered at 30- to 60-second intervals
with blinking prevented between drops. The same eyes of
the same animals were treated with the drug in two IOP
protocols, with the 0.01% LAT-B experiment conducted
the week immediately following the 0.005% LAT-B experiment. Following the 0.01% LAT-B IOP experiment, the
monkeys were treated with 0.01% drug/vehicle solution at
4 PM on day 5, and then once (days 6 and 7) or twice (day
8) daily (2×10 µL) for three additional days while fully
conscious and manually restrained. On day 9, these
monkeys were treated again with the same dose of the
drug (4×5 µL) under ketamine anesthesia 2 hours before
the anterior chamber perfusion. For pachymetry, different monkeys were treated with 0.01% LAT-B twice daily
for 4.5 days under ketamine anesthesia. For refractometry
and pupil-diameter measurement, monkeys were treated
with 0.005/0.02% LAT-B (4×5 µL) one time under ketamine plus pentobarbital anesthesia. Administering the
drug/vehicle solution to fully conscious and manually
restrained monkeys in the IOP/outflow facility protocol
was designed to reduce any potential cumulative effect of
repeated ketamine administration on IOP or outflow facility during the multiple treatments (Bunch TJ, et al,
ARVO, 2003; abstract).
IOP Measurement
Intraocular pressure was determined on day 1 (before and
after the first dose) and day 5 (before and after the ninth
dose) with a minified Goldmann applanation tonometer,12
using “Half and Half” creamer solution (Borden Inc,
Columbus, Ohio) as the tear film indicator, with the
monkey lying prone in a head holder. For each eye, three
IOP readings were averaged as a baseline or pretreatment
IOP before administration of the first or ninth dose of
0.005/0.01% LAT-B or vehicle, and single IOP readings
were taken after the drug/vehicle administration hourly
for 6 hours.
Outflow Facility Measurement
Total outflow facility was determined by two-level
constant pressure perfusion of the anterior chamber with
Bárány’s mock aqueous humor,11 using a one-needle technique and correcting for internal apparatus resistance.13
Outflow facility was measured for 90 minutes 2 hours
after the 15th dose of 0.01% LAT-B or vehicle on day 9.
Central Corneal Thickness Measurement
Central corneal thickness was determined by ultrasonic
pachymetry (DGH-1000 ultrasonic pachymeter, DGH
Technology, Inc, Solana Beach, California) on day 1
(before and after the first dose) and day 5 (before and
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after the ninth dose). For each eye, three readings were
averaged as a baseline or pretreatment value before
administration of the first or ninth dose of 0.01% LAT-B
or vehicle, and single readings were taken after the
drug/vehicle administration every 30 minutes for 4 hours
and then hourly for 2 hours.
Pupil and Accommodation Measurement
Accommodation (difference between baseline and postdrug refraction) was determined with a Hartinger coincidence refractometer. Pupil diameter was measured with
vernier calipers under normal room light (350 lux).
Baseline refraction, pupillary diameter, or both were
measured, followed by topical application of 2.5%
phenylephrine (stimulates the iris dilator muscle without
influencing the iris sphincter and ciliary muscle,14,15 facilitating measurement of miosis and accommodation16).
Refraction and/or pupillary diameter were measured
again approximately 30 minutes later, after which 20 µL
(4×5 µL) of 0.005/0.02% LAT-B was administered topically to one eye and vehicle to the other. Refraction and
pupillary diameter were determined 85 minutes after
LAT-B. Five minutes later, approximately 3 mL of pilocarpine solution was infused intramuscularly in the thigh
(1.5 mg/kg) over 10 minutes. Refraction was determined
every 5 minutes after pilocarpine infusion until stable, and
final pupillary diameter was then measured.
Slit-lamp Examination
Slit-lamp biomicroscopy was performed before drug
administration, during IOP measurement (1, 3, and 6
hours after drug administration), and before pachymetry
and anterior chamber perfusion. The integrity of the
corneal epithelium and endothelium, the presence of flare
or cells in the anterior chamber, and the clarity of lens
were noted. All animals were free of preexisting ocular
abnormalities when studied.
Data Analysis
Data are given as mean ± SEM for n eyes or animals.
Predrug or postdrug treated versus contralateral control;
postdrug or postvehicle versus ipsilateral baseline; and
baseline corrected postdrug treated versus control
comparisons were made using the two-tailed paired t test
for differences versus 0.0 or ratios versus 1.0.
RESULTS

Intraocular Pressure
A single dose of 0.005% LAT-B lowered IOP from 19.3 ±
0.8 to 16.4 ± 0.7 mm Hg within 6 hours. After adjustment
for baseline and contralateral IOP, the maximal hypotension of 2.5 ± 0.3 mm Hg (n = 8, P < .001) occurred at hour

6. Multiple doses (nine doses) of 0.005% LAT-B reduced
IOP similar to a single dose, but the significant IOP
reduction occurred earlier (hour 1 versus hour 3) and the
maximal ocular hypotension was slightly greater (3.2 ± 0.5
mm Hg; P < .001). Intraocular pressure at 16 hours after
the eighth treatment (IOP at 0 hours on day 5) in the LATB–treated eye was significantly lower than that in the
contralateral control eye (–1.4 ± 0.3 mm Hg; P < .005)
(Figure 1A). A single dose of 0.01% LAT-B lowered IOP
from 18.8 ± 0.7 to 15.7 ± 0.8 mm Hg within 6 hours. After
adjustment for baseline and contralateral IOP, the maximal hypotension of 2.7 ± 0.6 mm Hg (n = 8, P < .005)
occurred at hour 3. Multiple doses (nine doses) of 0.01%
LAT-B induced a greater IOP reduction than a single
dose, with the maximal hypotension of 4.4 ± 0.6 mm Hg
(P < .001) at hour 4. The pre-ninth-treatment IOP (IOP
at 0 hours on day 5) in the LAT-B–treated eye tended to
be lower than that in the contralateral control eye (–1.7 ±
0.7 mm Hg; P = .056). Although the monkeys had not
received any treatment for 3 days after the ninth treatment with 0.005% LAT-B, the baseline IOP (IOP at 0
hours on day 1) in the LAT-B–treated eye in the 0.01%
LAT-B protocol (Figure 1B) did not return to the level
before the first treatment with 0.005% LAT-B (Figure
1A).
Outflow Facility
LAT-B significantly increased outflow facility by 75 ±
13% (n = 7; P < .005) during the overall 90-minute postdrug perfusion beginning 2 hours after the 15th treatment of 0.01% LAT-B. The reason n = 7 rather than 8 is
that one monkey died on day 6 due to an unrelated
disease. In analysis per three 30-minute perfusion periods, the drug increased outflow facility by 35 ± 14%, 69
± 14%, and 100 ± 14% in the first, second, and third 30minute durations, respectively (Table 1; Figure 2).
Corneal Thickness
On day 1, baseline central corneal thickness was 456.3 ±
17.0 µm in the LAT-B–treated eye and 457.7 ± 18.2 µm in
the contralateral control eye. Central corneal thickness
after the first treatment varied between 454.6 ± 17.2 and
462.4 ± 17.0 µm in the LAT-B–treated eye, and between
453.4 ± 15.4 and 458.6 ± 18.7µm in the contralateral
control eye during 6 hours pachymetry. On day 5, preninth-treatment central corneal thickness was 448.4 ±
17.9 µm in the LAT-B–treated eye and 455.9 ± 18.6 µm in
the contralateral control eye. The central corneal thickness after the ninth treatment varied between 454.4 ±
16.4 and 462.2 ± 18.2 µm in the LAT-B–treated eye, and
between 452.2 ± 18.8 and 457.2 ± 19.6 µm in the
contralateral control eye during 6 hours pachymetry.
Collectively, the central corneal thickness in the LAT-
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TABLE
PERFUSION PERIOD

90 min
First 30 min
Second 30 min
Third 30 min

1.

EFFECT OF LAT-B ON OUTFLOW FACILITY IN MONKEYS*

LAT-B

VEHICLE

0.93 ± 0.19
0.58 ± 0.10
0.89 ± 0.19
1.19 ± 0.28

0.51 ± 0.08
0.43 ± 0.05
0.51 ± 0.08
0.57 ± 0.11

LAT-B

/ VEHICLE

1.75 ± 0.13†
1.35 ± 0.14‡
1.69 ± 0.14†
2.00 ± 0.14§

LAT-B, latrunculin B.
*Following 15 doses of 0.01% LAT-B/vehicle (Figure 2), outflow facility was measured by two-level constant pressure perfusion for 90 minutes. No baseline
outflow facility was determined, but all monkeys were selected from those that had similar baseline facilities in both eyes per previous studies. Data are mean
± SEM (µL/min/mm Hg for outflow facility) for seven animals. Ratios are unitless. Difference between eyes was tested for ratios ≠1.0 by the two-tailed paired
t test.
†P<.005.
‡P<.05.
§P<.001.

Pupil and Accommodation Measurement

FIGURE 1
Effect of latrunculin B (LAT-B) on intraocular pressure (IOP) in monkeys.
0.005% (A) or 0.01% (B) LAT-B and vehicle were administered to opposite eyes of monkeys topically twice daily for 4.5 days. IOP was measured
before and after the first (on day 1) and ninth (on day 5) treatment. The
same eyes of the same monkeys were treated with the drug in the twodose studies, and the higher-dose experiment was conducted the week
immediately following the lower-dose experiment, with only 2 days’ drugfree interval between studies. IOP before the first treatment in each study
was used as a baseline. Data are mean ± SEM mm Hg for n animals. IOP
difference between eyes corrected for baseline was tested for differences
≠0.0 by the two-tailed paired t test: *P < .01; †P < .005; ‡P < .001.

B–treated eye was only 0.9 to 8.1 µm (P = .08–.82) or 3.1
to 7.1 µm (P = .07–.37) thicker than that in the vehicletreated eye after one dose or nine doses of 0.01% LAT-B,
after adjustment for ipsilateral baseline (Figure 3).
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Pupillary Diameter
Baseline pupil diameters of both eyes in all monkeys were
similar (Figure 4A and C). Twenty-five minutes after
phenylephrine administration, both pupils dilated equally
(in the 0.02% LAT-B protocol: 7.2 ± 0.3 mm versus 7.2 ±
0.3 mm, n = 8; P = NS, Figure 4A; in the 0.005% LAT-B
protocol: 7.0 ± 0.3 mm versus 7.0 ± 0.3 mm, n = 6, P = NS,
Figure 4C). Eighty-five minutes after topical administration of 20 µL of 0.02% LAT-B, the pupils in the LATB–treated eyes dilated further relative to the contralateral
controls (to 8.0 ± 0.3 mm versus 7.0 ± 0.4 mm, P < .005,
Figure 4A). However, 85 minutes after 20 µL of 0.005%
LAT-B, the pupil in the LAT-B–treated eye was only slightly
larger than that in the vehicle-treated eye. When pilocarpine was infused intramuscularly in the thigh, the
control pupils constricted but the pupils after 0.02% LATB did not (5.6 ± 0.3 mm in controls versus 7.0 ± 0.4 mm in
LAT-B–treated eyes, P < .001, Figure 4A). The inhibition of
miosis was essentially complete when compared with the
pre-LAT-B value (7.0 ± 0.4 versus 7.2 ± 0.3). This miosis
was only slightly inhibited by 0.005% LAT-B (5.0 ± 0.4 mm
in the LAT-B eye versus 4.3 ± 0.3 mm in the control eye).
Accommodation
No significant differences between pilocarpine-induced
accommodation in LAT-B–treated versus control eyes
were observed initially after 20 µL of 0.02% LAT-B
(Figure 4B). However, the accommodation plateau in the
LAT-B–treated eye occurred earlier than that in the
control eye (30 versus 40 minutes after the intramuscular
pilocarpine). A statistically significant difference between
eyes was observed during the period of 30 to 40 minutes
after intramuscular pilocarpine, with the LAT-B–treated
eyes accommodating approximately 2.5 ± 0.5 diopter (~25
± 8%) less than the controls eventually (8.9 versus 11.4 D;
n = 5; P < .01; Figure 4B). The accommodation was only
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Effect of latrunculin B (LAT-B) on outflow facility in monkeys. Following
the 0.01% LAT-B intraocular (IOP) protocol (Figure 1B), treatment with
0.01% LAT-B or vehicle to opposite eyes of monkeys topically once or
twice daily was continued without interruption for three additional days.
Outflow facility was measured by two-level constant pressure perfusion
for 90 minutes on day 9 (2 hours after the 15th treatment). No baseline
outflow facility was determined, but all monkeys were selected from those
that had similar baseline facilities in both eyes per previous studies. Data
are mean ± SEM (µL/min/mm Hg) for n animals (n = 7 rather than 8
because one monkey died of unrelated disease in its cage before perfusion). Difference between eyes was tested for differences ≠0.0 by the
two-tailed paired t test: *P < .05; †P < .025; ‡P < .02; §P < .01.
FIGURE

FIGURE 3
Effect of latrunculin B (LAT-B) on central corneal thickness in monkeys.
0.01% LAT-B and vehicle were administered to opposite eyes of monkeys
topically twice daily for 4.5 days. Central corneal thickness (CCT) was
measured before and after the first (on day 1) and ninth (on day 5) treatment. CCT before the first treatment was used as a baseline. Data are
mean ± SEM µm for n animals. CCT difference between eyes corrected
for baseline was tested for differences ≠ 0.0 by the two-tailed paired t test:
*P < .05.

eyes of almost all monkeys at approximately 16 hours after
the eighth dose (before tonometry on day 5). No other
abnormality was observed in any monkey in any protocol
during slit-lamp examination.
DISCUSSION

FIGURE 4
Effect of latrunculin B (LAT-B) on miotic and accommodative responses
to pilocarpine in monkeys. Pupillary and accommodative responses to
topical phenylephrine (PE), 0.005% (C, D) or 0.02% (A, B) topical LATB, and intramuscular pilocarpine (PILO, 1.5 mg/kg) in monkeys. BL,
baseline. Data are mean ± SEM for n animals (accommodation data for
three animals in the 0.02% LAT-B protocol are not available). Difference
between eyes was tested for differences ≠0.0 by the two-tailed paired t
test: *P < .05; †P < .02; ‡P < .01; §P < .005; ¶P < .001.

slightly inhibited by 0.005% LAT-B (Figure 4D).
Slit-lamp Examination
During IOP measurement, most monkeys had mild punctate corneal epithelial defects at 3 to 6 hours after the
drug administration, but the defects in LAT-B–treated
eyes were similar to that in control eyes. Additionally, the
punctate corneal epithelial defects seen during tonometry
after the first treatment on day 1 had disappeared in both

This study has shown that LAT-B administered topically
decreases IOP in normotensive monkeys in a dosedependent manner, with multiple doses producing greater
IOP reduction than a single dose. This is consistent with
many current clinical and experimental antiglaucoma
drugs that have greater effects following multiple treatments in both normotensive17,18 and glaucomatous19,20
monkeys. Some ocular hypotensive effect of multiple
administrations of LAT-B appears to last more than 16
hours, evidenced by the lower IOP in the LAT-B–treated
eye than in the vehicle-treated eye at 16 hours after the
eighth treatment in both the 0.005% and 0.01% LAT-B
protocols (Figure 1A and B), and by the tendency toward
slightly lower baseline in the drug-treated eye than in the
control eye 3 days after the ninth treatment of 0.005%
LAT-B (Figure 1B). In a previous study,9 a single dose of
20 µL of 500 µM (~0.02%) LAT-B maximally decreased
IOP by 3.1 mm Hg, slightly greater than the maximal IOP
reduction (–2.7 mm Hg) induced by a single dose of
0.01% LAT-B, and apparently smaller than the IOP
reduction (–4.4 mm Hg) induced by multiple doses of
0.01% LAT-B, in the current experiments. This further
indicates that LAT-B dose-dependently decreases IOP
and that multiple doses of LAT-B are more effective than
a single dose. In the present study, 15 treatments with
0.01% LAT-B significantly increase outflow facility in the
monkey eye, which, in conjunction with our previous findings,5,8 suggests that LAT-B decreases IOP by reducing
outflow resistance in the trabecular meshwork.
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In the previous study,9 a single dose of 0.02% topical
LAT-B also transiently increased the central corneal thickness of the monkey eye by up to 47 µm within 3 hours.
Unlike the higher dose studied previously, a single and
multiple dose(s) of 0.01% LAT-B administered topically in
the present study do not change the central corneal thickness. This indicates that the 0.01% concentration of the
drug does not significantly affect the corneal endothelium. By slit-lamp biomicroscopy, 0.01% LAT-B is also less
toxic to the corneal epithelium than the higher dose studied before.9 The LAT-B doses used in this study do not
produce any additional punctate corneal epithelial defects
in the LAT-B–treated eye compared with the vehicletreated eye. The mild punctate corneal epithelial defects
in both eyes, occurring 3 to 6 hours after the drug administration, is a common phenomenon during tonometry in
ketamine-anesthetized animals, presumably due to
reduced blinking under ketamine anesthesia and frequent
IOP measurements. All these seem to support our
hypothesis from previous studies9,10 that repetitive lower
concentrations and total doses in higher-solution volumes,
spread out over the entire corneal or conjunctival surface,
may minimize or avoid corneal toxicity.
A recent morphologic study (Tian B, et al, ARVO,
2004; abstract) has revealed that LAT-B induces formation
of numerous cytoplasmic projections of the subcanalicular
cells and massive “ballooning” of the JXT region, leading to
a substantial expansion of the space between the
subcanalicular cell layer and the trabecular collagen beams.
Additionally, LAT-B also significantly increases the junction-to-junction distance of the inner wall cells of
Schlemm’s canal (Tian B, et al, ARVO, 2004; abstract),
although the increase is not as great as that after the serinethreonine kinase inhibitor H-7.21,22 All these structural
changes in the trabecular meshwork may be consequent to
the drug-induced cellular relaxation and account for the
drug-induced decrease of outflow resistance in the trabecular meshwork. The current physiology data indicate that
LAT-B dose-dependently relaxes intraocular smooth
muscles. This further supports that cellular relaxation could
be an important mechanism by which LAT-B decreases
outflow resistance in the trabecular meshwork, since H-7,
which decreases outflow resistance primarily by relaxing
the trabecular meshwork,21,22 also relaxes the iris sphincter
in vivo and ciliary muscle strips in vitro.23 More interestingly,
although 0.02% LAT-B almost completely inhibits the
miotic response of the monkey eye to pilocarpine, it inhibits
the accommodative response to pilocarpine by only up to
25%. The reason for the separation is not clear, but a pharmacokinetic explanation seems plausible.23 Pilocarpine is a
classic antiglaucoma medication, which indirectly increases
outflow facility by contracting the ciliary muscle. However,
the induced miosis, which reduces vision especially in
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elderly patients with incipient cataract,24 restricts its usage.
The relative dissociation of miotic and accommodative
responses to pilocarpine after LAT-B provides a possibility
that the combination of a low but still facility-effective dose
of pilocarpine with a facility-effective and cornea-safe dose
of LAT-B may induce a facility increase greater than that
induced by either drug alone, without damaging the cornea
and constricting the pupil.
Collectively, the fact that 0.005% and 0.01% topical
LAT-B increases outflow facility and/or decreases IOP
without adversely affecting the cornea suggests that a low
dose of topical LAT-B may have potential as a safe and
trabecular meshwork–selective antiglaucoma medication.
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DISCUSSION

DR ROBERT RITCH. Sponges are extremely interesting
creatures. The phylum Porifera consists of about 15,000
species of one of the earliest forms of metazoan development. They consist of about 10 different cell types and can
be disaggregated into a single cell suspension by removing
calcium from the medium. When calcium is re-added, the
cells reaggregate into clumps, each of which can develop
again into a mature sponge. Sponges are sessile and

produce numerous toxic substances, perhaps to discourage predators, but more likely to protect the space
comprising their environment from settlement by
competitive species. Some of the many compounds
isolated from sponges have potential beneficial effects for
humans, including compounds with respiratory, cardiovascular, gastrointestinal, anti-inflammatory, antitumor,
and antibiotic activities. To these, we can hopefully add
the latrunculins.
Transient disruption of the cellular structure of the
trabecular meshwork offers a potential new approach to
increasing aqueous outflow. Inhibition of aqueous
production, the basis of most of our presently used drugs,
may be detrimental to trabecular function in the long
term, a concept well reviewed a decade ago by Becker.1
Pilocarpine, the first drug used to treat glaucoma, is
usually prescribed 4 times daily for lowering IOP,
although nasolacrimal occlusion can effectively make this
a twice daily drug.2 Nevertheless, its use has been largely
abandoned in favor of newer agents.
A generation ago, Anders Bill et al3 perfused eyes
with EDTA. This produced distention of the juxtacanalicular meshwork, wash-out of extracellular material, and
disintegration of the denuded trabecular cores. Its toxicity
prevented clinical use. In 1982, Kaufman and Erickson
showed similar effects with cytochalasins.4 However, a
great idea is a great idea, and Dr. Kaufman never gave up.
The authors have shown that low concentrations of
topically administered latrunculin-B in single or multiple
doses decrease intraocular pressure (IOP) and increase
the coefficient of aqueous outflow in normotensive
monkeys. Importantly, the cornea was not adversely
affected, suggesting that this drug may have potential as
an antiglaucoma drug which can be targeted specifically at
the trabecular meshwork.
I would ask a few questions. In these experiments, the
latrunculin was dissolved in a medium containing 25%
DMSO? Is this necessary for solubilization and, if so, how
would a formulation be prepared for human use? Have
the authors performed the same studies yet in glaucomatous monkeys? In 1986, Epstein et al described acute
reduction of outflow in cynomolgus monkey eyes when
perfused with pigment particles isolated from the iris and
ciliary body.5 Have the authors considered pretreating a
group of monkeys with latrunculin-B to see if this reduction can be prevented when compared to perfusion into a
control group and would they think such a study worthwhile?
From my perspective, the most important potential
application of latrunculin would be in eyes with exfoliation
syndrome (XFS), which is, overall, the most common
identifiable cause of open-angle glaucoma worldwide,
accounting for the majority of the open-angle glaucoma in
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some countries.6 We have estimated that there are about
60 million people with XFS, of whom 15 million have
elevated IOP and 5 million have glaucoma. Elevated IOP
with or without glaucomatous damage occurs in approximately 25% of persons with XFS, or about 6 to 10 times
the rate in eyes without XFS.7 Glaucoma in XFS has a
more serious clinical course and worse prognosis than
primary open-angle glaucoma. Exfoliative glaucoma is
associated with an increase in aqueous outflow resistance
and elevated IOP. The most likely mechanism responsible
is blockage of the meshwork by a combination of exfoliation material and liberated iris pigment.8
Increased trabecular pigmentation is prominent and
is apparent in virtually all patients with clinically evident
disease. In virtually all studies of patients with clinically
unilateral XFS, the trabecular pigment is almost always
denser in the involved eye.9,10 Eyes with exfoliative glaucoma tend to have greater pigmentation than both eyes
with XFS but without glaucoma11,12 and eyes with
POAG.13,14 There appears to be a highly significant correlation between elevated IOP and the degree of pigmentation of the meshwork.15
I have hypothesized that, if these eyes were perfused
with latrunculin, transient disruption of the trabecular
meshwork might allow release of trapped exfoliation
material and pigment and, when the meshwork is reconstituted, markedly improved function and lowered IOP.
Indirect evidence suggesting this possibility are reports
that suctioning of the meshwork in eyes with XFS16 and
trabeculotomy17 have greater success in eyes with XFS
than those with primary open-angle glaucoma. It is possible that a single treatment might have a prolonged effect,
needing to be repeated perhaps only at widely spaced
intervals. Certainly such a breakthrough would be a
welcome therapeutic advance benefiting millions of
people.
I would like to commend the authors for an elegant
investigation and urge them to attempt to bring this drug
to fruition for clinical use.
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DR ALLAN J. FLACH. The only real toxicity that you
mentioned was some minimal corneal thickening, and I
wonder if that corneal thickening may have at least in part
been an artifact of the so-called drop-dry approach to
giving your drop. If you take athletic subjects and put
them in space boots and hang them upside-down, you can
increase the intraocular pressure significantly. Might I
suggest that you take your monkeys and hang them
upside-down for periods of time to see the effect on
intraocular pressure?
DR RALPH C. EAGLE, JR. Did you look at the iris and
ciliary musculature by ultrastructure examination?
DR DAN B. JONES. I know this is a short-term study, but if
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it becomes a long-term drug, and considering the potential action of the drug, it will be necessary to look at other
things about the cornea with regard to toxicity and, particularly, corneal stem cells, which have the potential to
create a variety of favorable effects. It may take time to
see the adverse outcome in terms of poor epithelial stasis,
static state, and epithelial repair.
DR PAUL L. KAUFMAN. Dr Ritch alluded to a concept that
Dr Bernard Becker also had a number of decades ago
about reduction of aqueous flow possibly affecting
outflow facility adversely. We just published a paper in
Experimental Eye Research in monkeys1 showing that
chronic secretory suppression reduces aqueous outflow
facility in the live, nonhuman primates. It is even more so
if you use prostaglandin treatment as well because that
redirects fluid away from the trabecular meshwork and
out the ciliary muscle. In fact, there may be long-term
downsides to these approaches.
Is DMSO necessary? These were proof-of-principle
studies and also LAT-B is a relatively insoluble molecule.
This is a problem for the pharmaceutical industry to solve.
Whether you change the molecule or whether you change
the vehicle, you can actually get away with a little bit less
of a concentration of DMSO than I showed in these studies. DMSO itself, at this concentration and for this period
of time, does not seem to have an adverse effect. We
would certainly like to have a vehicle or perhaps an
altered molecule that doesn't require an extraordinary
solubilizing agent. We have not done this in glaucomatous
monkeys yet but we have done it in glaucomatous
monkeys with some other compounds on the contractility
side. It does work. I would just remind all of you that the
glaucoma monkey model that we use now, the laser glaucoma model, is a scar model so the physiology may be
completely different. It would be great if we had a reliable
steroid glaucoma model in the monkey, but unfortunately,
we do not.
In terms of the pigment and exfoliation obstruction
type of pathology that Dr Ritch alluded to, we haven't
used pigment and obviously we don't have monkeys with
exfoliation. We have created an excess of extracellular
matrix in the monkey trabecular meshwork by chronic
therapy with phospholine iodide. That goes back to
another series of research projects that we’ve done and
published.2,3 These compounds do work under those
circumstances4 so that at least, in principle, this might
work. We have not done that in this experiment. I think
we would like to wash out all excess extracellular material
at one time. If that’s what the pathophysiology of primary
open-angle glaucoma or exfoliation and pigmentary glaucoma really is, this might be an approach. The monkeys
that we’ve used so far are normotensive monkeys except

for this little study with echothiophate. You do get a return
of normal resistance after a period of time. If we were
using glaucoma eyes, whether you’d get a return of pathological resistance, we just don’t know. We’re not going to
know that until we get into clinical trials.
The more physiologic way of doing larger drop
volume does not seem to give us the corneal changes. We
had a clue in that, if you look at the peripheral corneal
thickness, you did not see the thickening. We measured
corneal thickness centrally and peripherally, and the
peripheral cornea was not thickened. Therefore we knew
it was a very high concentration of drug that was sitting in
the center of the cornea. Gravity boots and neckties have
not been done in a monkey. We could do so, but it seems
inadvisable.
In terms of ultrastructure, neither the iris, the ciliary
muscle, nor the ciliary epithelium as well, have shown
changes in these acute experiments. These were singledose intracameral infusions to look for acute toxicity; we
didn't see any. What happens with weeks or months or
years will not be known with any drug until you actually
get out into clinical trials. The FDA often mandates, as it
did with the prostaglandins, Phase 4 post-marketing studies, not for purposes of advertising the drug, but for
purposes of following long-term toxicity. Unfortunately, at
this stage I do not have answers to a lot of these questions.
We will just have to see what happens, as you do with any
new class of drugs.
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