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Purpose:

 

To investigate the long-term effect of 0.12% isopropyl unoprostone (Rescula®) on
microcirculation in the human ocular fundus.

 

Methods:

 

A laser speckle tissue circulation analyzer was used to measure normalized blur
(NB), a quantitative index of blood flow velocity, in the optic nerve head (ONH) and chor-
oid-retina before and 4.5 hours after the instillation of a placebo into both eyes of 11 healthy
volunteers. The intraocular pressure (IOP), blood pressure, and pulse rate were also re-
corded in this control experiment. Thereafter, a drop of unoprostone or a placebo was in-
stilled into each eye in a double-blind manner twice a day for 21 days to form treated and un-
treated groups.

 

Results:

 

After 21 days, the NB values in the ONH and choroid-retina had increased signifi-
cantly and the IOP had decreased significantly in the unoprostone-treated eyes. Ocular per-
fusion pressure showed no significant change.

 

Conclusions:

 

These results suggest that long-term application of unoprostone can increase
microcirculatory blood flow in the human ocular fundus, probably due to a reduction in vas-
cular resistance.
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Introduction

 

Circulatory disorders in the optic nerve head
(ONH) are suspected to be associated with the
pathogenesis and development of open-angle glau-
coma and normal tension glaucoma.

 

l–4

 

 Thus, it is im-
portant to determine the effect of glaucoma drugs on
the microcirculation in the ocular fundus.

Isopropyl unoprostone (Rescula

 

®

 

, unoprostone) is
a prostaglandin (PG)-related compound developed
in Japan that is available for treating glaucoma and
ocular hypertension. In addition to its intraocular
pressure (IOP)-lowering effect, unoprostone is re-
ported to have an effect on ocular blood flow. Using
either a hydrogen gas clearance flowmeter or a ther-

mal diffusion flowmeter, there have been reports
that topically applied unoprostone increases blood
flow in the ONH and choroid of rabbits.

 

5–9

 

 There are
also reports on blood flow in human eyes using non-
invasive methods such as color Doppler imaging, la-
ser speckle method, and ocular blood flow tonogra-
phy.

 

10–13

 

 Some of these studies showed that topical
application of unoprostone increased while other stud-
ies showed that it did not change the ocular blood
flow. However, most of these were single-dose studies.

In this study, we examined the long-term effect of
unoprostone on the microcirculation in the human
ONH and choroid-retina, using a laser speckle tissue
circulation analyzer.

 

Materials and Methods

 

The subjects were 11 healthy volunteers, ranging in
age from 34 to 59 years (mean 

 

�

 

 43.9 years), with no
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systemic or ocular disease except mild myopia. The
study was approved by the Ethics Committee of Osaka
Medical College. Before admission into the study, writ-
ten informed consent was obtained from each subject.

A laser speckle tissue circulation analyzer was
used to evaluate microcirculation in the ocular fun-
dus. This instrument was recently developed in Ja-
pan to analyze the capillary circulation in the retina,
choroid, and optic nerve head (ONH).

 

14

 

 In this
method, the normalized blur (NB), blurring of a
speckle pattern formed by scattered laser light, is
used as a quantitative index of tissue blood flow as
well as blood flow velocity.

 

14,15

 

 NB was measured ev-
ery 0.125 seconds and averaged over five pulses.
Measurements were made on the temporal side of
the ONH in an area free of surface blood vessels
(NB

 

ONH

 

), and in the middle of the choroid-retina be-
tween the ONH and macula (NB

 

CHO

 

) where no sur-
face vessels were visible on the monitor. Isono et al

 

16

 

reported that the square blur rate, almost equivalent
to a square of NB and more linearly correlated with
high speed blood velocity, is derived 25% from the
retinal and 75% from the choroidal circulation in
eyes with circulatory disorders. Therefore, we used
the expression “choroid-retina” as the NB represent-
ing the blood flow of both retina and choroid.

On the first day (day 0, control experiment), after
mydriasis of both eyes with one drop of 0.4% tropi-
camide at 11:00 

 

AM

 

, the NB, IOP, brachial arterial
pressure (BP), and pulse rate (PR) were determined.
Slit-lamp examinations were carried out at 12:00 

 

PM

 

.
Then 30 

 

�

 

L of the vehicle of unoprostone was in-
stilled in both eyes at 12:30 

 

PM

 

, and the same mea-
surements were carried out at 5:00 pm, 4.5 hours af-
ter the instillation. The IOP was measured with the
Goldmann applanation tonometer, and the BP and PR
were measured with an automated sphygmomanom-
eter (HEM 705 CP, Omron, Tokyo). The time of mea-
surement was based on the single-dose study by
Kojima et al,

 

11

 

 which concluded that the NB in the
ONH and choroid-retina showed a maximum increase
at 4.5 hours after the instillation of unoprostone.

Thereafter, one drop of unoprostone or vehicle
was instilled into each eye in a double-masked man-
ner twice a day for 21 days (treated and untreated
groups). On the 7th and 14th days (days 7 and 14),
IOP measurements and slit-lamp examinations of
both eyes were performed at 12:00 

 

PM

 

. On the final
day (day 21), the NB, IOP, BP, and PR were mea-
sured as on the first day (unoprostone experiment).
On the first and last experimental days, the partici-
pants were kept from smoking, eating, drinking, and
exercise from 11:00 

 

AM

 

 to 5:00 

 

PM

 

.

Mean BP (BP

 

m

 

) was calculated by the following
equation:

in which BP

 

d

 

 and BP

 

s

 

 represent the diastolic and sys-
tolic BP, respectively. Ocular perfusion pressure
(OPP) was calculated as:

Data are expressed as the means 

 

�

 

 SD, and ana-
lyzed by paired 

 

t

 

-test between the control and uno-
prostone-treated eyes. 

 

P

 

 values less than .05 were
considered significant.

 

Results

 

Slit-lamp examinations revealed no side effects in-
duced by unoprostone treatment on any experimen-
tal days.

On day 21, 4.5 hours after the last instillation of un-
oprostone, NB

 

ONH

 

 in the treated eyes had increased
significantly compared with the value at the same
time on day 0 (Table 1). Untreated eyes did not show
any significant changes (Table 1). On day 21, NB

 

CHO

 

in the treated eyes was also significantly higher be-
fore and 4.5 hours after instillation compared with
the values on day 0 (Table 1). NB

 

CHO

 

 in the un-
treated eyes had not changed significantly (Table 1).

The IOP on day 7 and 14 did not change signifi-
cantly in either eye compared with values of day 1

BPm BPd 1 3⁄( ) BPs BPd–( )+=

OPP 2 3⁄( )BPm IOP–=

 

Table 1.

 

Changes in NB

 

ONH

 

, NB

 

CHO

 

, and IOP*

 

Before 4.5 Hours

Control experiment (day 0)
NB

 

ONH

 

 (U) 8.2 

 

�

 

 1.6 8.0 

 

�

 

 1.3
NB

 

ONH

 

 (P) 8.4 

 

�

 

 1.4 8.1 

 

�

 

 1.3
NB

 

CHO

 

 (U) 9.0 

 

�

 

 1.5 8.4 

 

�

 

 1.2

 

†

 

NB

 

CHO

 

 (P) 9.3 

 

�

 

 1.9 9.1 

 

�

 

 1.7
IOP

 

u

 

 (mm Hg) 15.6 

 

�

 

 2.0 14.0 

 

�

 

 2.2

 

†

 

IOP

 

p

 

 (mm Hg) 16.1 

 

�

 

 2.2 14.2 

 

�

 

 2.1
Unoprostone experiment (day 21)

NB

 

ONH

 

 (U)  8.4 

 

�

 

 1.4 8.5 

 

�

 

 1.4
NB

 

ONH

 

 (P)  8.3 

 

�

 

 1.4 8.5 

 

�

 

 1.3
NB

 

CHO

 

 (U)  9.5 

 

�

 

 1.8

 

‡

 

9.3 

 

�

 

 1.5

 

§

 

NB

 

CHO

 

 (P)  9.5 

 

�

 

 1.6 9.4 

 

�

 

 1.5
IOP

 

u

 

 (mm Hg) 13.3 

 

�

 

 2.5

 

§

 

12.1 

 

�

 

 3.2

 

§

 

IOP

 

p

 

 (mm Hg) 14.8 

 

�

 

 2.6 13.6 

 

�

 

 2.9

*NB

 

ONH

 

: normalized blur in optic nerve head, NB

 

CHO

 

: normal-
ized blur in middle of choroid-retina, IOP; intraocular pressure.
Unoprostone (U) and placebo (P) indicate NB values or intraocu-
lar pressure in treated and untreated eyes. Data are expressed as
mean 

 

�

 

 SD (N 

 

�

 

 11).

 

†

 

P

 

 

 

�

 

 .05 (comparison with initial value, paired 

 

t

 

-test).

 

‡

 

P

 

 

 

�

 

 .05.

 

§

 

P

 

 

 

�

 

 .01 (comparison with control experiment, paired 

 

t

 

-test).



 

Y. MAKIMOTO ET AL.

 

33

 

EFFECT OF UNOPROSTONE ON MICROCIRCULATION

 

(data not shown). However on day 21, IOP before
and 4.5 hours after instillation was significantly lower
than on day 0 in treated eyes (Table 1). Untreated
eyes did not show significant changes (Table 1).

BP

 

m

 

, PR, and OPP did not show significant
changes in either eye throughout the experimental
period (Table 3).

 

Discussion

 

There have been reports on the effect of unopros-
tone on ocular circulation. Sugiyama et al

 

5

 

 and Ogo

 

7,8

 

reported that topically applied unoprostone in-
creased the choroidal blood flow in rabbit eyes. Fur-
thermore, in rabbit experiments, Sugiyama et al

 

6,9

 

showed that topical application of unoprostone in-
hibited the decrease of ONH blood flow in circula-
tory disorder model eyes, which indicated a favor-
able effect of maintaining the ocular blood flow.

The effect of unoprostone on ocular circulation in
human eyes has been studied by noninvasive meth-
ods, such as color Doppler ultrasound imaging, laser
speckle method, and ocular blood flow tonography.
Using color Doppler ultrasound imaging, Nishi et
al

 

10

 

 reported that the blood flow velocity of the cen-
tral retinal artery and the short posterior ciliary ar-
teries increased significantly after a single dose of
unoprostone. Kojima et al

 

11

 

 studied the effect of un-
oprostone on ONH and choroid-retinal circulation
by the laser speckle method, and reported that NB in
the ONH did not change but NB in choroid-retina
increased significantly. Using ocular blood flow
tonography in normal human eyes, Kitaya et al

 

12

 

 re-
ported that a single dose of unoprostone did not
change the pulsatile ocular blood flow significantly.
They suggested that its effect on the choroidal circu-
lation may be favorable as a glaucoma drug because
it did not decrease blood flow.

On the other hand, there are not many reports
about the long-term effect of unoprostone on human
ocular circulation. Nishimura et al,

 

13

 

 using color Dop-
pler imaging, reported that the blood flow in the oph-
thalmic artery increased significantly in patients with
normal-tension glaucoma after a 6-month treatment.

In this experiment, we used the laser speckle
method that has been recently developed to provide
a non-contact, two-dimensional analysis of capillary
circulation in the retina, choroid, and ONH. Using
this method in normal human eyes, Tamaki et al

 

14

 

reported that the coefficients of reproducibility at
1-minute interval measurements were 11.7% for
NB

 

ONH

 

 and 8.7% for NB

 

CHO

 

 averaged over five pulses,
while the 24-hour interval measurements were

13.0% for the former and 9.7% for the latter. These
results indicate that microcirculation in ONH and
choroid-retina can be measured with sufficient re-
producibility by this method.

Although IOP did not change significantly on days
7 and 14 compared with day 0 in the treated eyes, it
did decrease significantly on day 21. Because the
subjects were healthy and their IOP before the ex-
periment was low, IOP did not show significant
change in treated eyes on days 7 and 14. The signifi-
cant decrease on day 21 may be explained by the cu-
mulative effect of unoprostone.

In the single-dose experiment by Kojima et al,

 

11

 

the NB

 

ONH

 

 did not change in the treated eyes but the
NB

 

CHO

 

 increased significantly. Because ONH circu-
lation does not change easily because of an autoreg-
ulatory mechanism, they suggested that the signifi-
cant increase in NB

 

CHO

 

 may be due mainly to an
increase in choroidal circulation caused by IOP re-
duction. On the other hand, in treated eyes on day
21, in the current study, NB

 

ONH

 

 showed a tendency
to increase on day 21 before the instillation of uno-
prostone (

 

P

 

 

 

�

 

 .087), and it increased significantly af-
ter the instillation despite the autoregulatory mecha-
nism. Because a significant effect on NB and IOP
occurred only in the treated eyes, it is difficult to
consider that the unoprostone was absorbed system-
ically, and then reached the posterior pole. If the
long-term instillation causes more unoprostone to
reach the posterior pole by the intraocular or peri-
ocular route and affect the ONH vessels directly, it
may be possible to increase the ONH blood flow de-
spite the autoregulatory mechanism.

NB

 

ONH

 

 at 4.5 hours after instillation on day 21 was
higher than at the same time on day 0 in both treated
and untreated eyes, although it was not significant.
So we statistically compared the relative increase of
NB (

 

�

 

NB) in treated and untreated eyes at the same
time on day 0 and day 21 (Table 2), and no significant

 

Table 2.

 

 Increments of NB

 

ONH

 

 and NB

 

CHO

 

*

 

Before 4.5 hours

 

�

 

NB

 

ONH

 

 (U) 0.28 

 

�

 

 0.10 0.44 

 

�

 

 0.12

 

�

 

NB

 

ONH

 

 (P)

 

�

 

0.12 

 

� 0.20 0.43 � 0.23
�NBCHO (U) 0.51 � 0.21 0.88 � 0.24†

�NBCHO (P) 0.20 � 0.24 0.39 � 0.20†

*NBONH: normalized blur in optic nerve head, NBCHO: normal-
ized blur in middle of choroid retina. Unoprostone (U) and pla-
cebo (P) indicate increments of NB at same time on day 0 and day
21 in treated and untreated eyes, respectively. Data are expressed
as mean � SE (N � 11).

†P � .05 (paired t-test).
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difference was observed in �NBONH before(P � .064)
and at 4.5 hours after instillation (P � .971). This sug-
gests that the increase in NBONH in both eyes might
be produced by causes other than the drug effect.

NBCHO in the treated eyes on day 21 increased sig-
nificantly both before and after the instillation, and
the NBCHO in the untreated eyes also increased al-
though it was not significant. As �NBCHO in the
treated and untreated eyes differed significantly at
4.5 hours (Table 2), the increase in NBCHO might
have resulted from the effect of unoprostone itself.

Tissue blood flow is considered to be proportional
to ocular perfusion pressure/resistance (OPP/R),
where R equals the vascular resistance. Two factors
may explain the increase in tissue blood flow: an in-
crease in OPP or a decrease in vascular resistance. In
an animal study, Ogo8 found that administration of
unoprostone increased choroidal circulation at con-
stant OPP, and they suggested that an increase in
blood flow was due to a reduction in choroidal vas-
cular resistance. In our experiment, in the treated
eyes before instillations, significant correlations
were found between the relative changes in NBCHO

and OPP as well as between the NBCHO and IOP
(Table 4). These results suggest that the increase in
NBCHO on day 21 before the instillation may be
mainly due to an increase in choroidal circulation
caused by IOP reduction. On the other hand, OPP did
not change significantly (Table 3) although NBCHO

increased the most at 4.5 hours after the instillation
in the treated eyes on day 21. In addition, there was
no correlation between the relative changes in NBCHO

and OPP, and those in NBCHO and IOP (Table 4).
These results suggest that the reduction in vascular
resistance caused by unoprostone treatment may be
the reason for the increase in NBCHO at 4.5 hours
after the instillation on day 21.

There is a possibility that unoprostone, a PGF2�-
related compound, affects ONH and choroid-retinal
vessels through unknown PG receptors or through
nitric oxide which is regarded as a vasodilating factor,17

but the exact mechanism needs further investigation.

Conclusions
The results of the present study suggest that long-

term application of unoprostone increases the blood
flow in the human ocular fundus.

This paper was published in Japanese in the Nippon Ganka Gak-
kai Zasshi (J Jpn Ophthalmol Soc) 2000;104;39–43. It appears here
in a modified form after peer review and editing for the Japanese
Journal of Ophthalmology.
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