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Purpose:

 

To evaluate the effects of the 

 

a

 

2

 

-adrenergic agonists (clonidine, apraclonidine, and
guanfacine) on lipopolysaccharide (LPS)-induced aqueous flare elevation in pigmented
rabbits.

 

Methods:

 

Anterior uveitis was induced with an intravenous injection of LPS (0.5 

 

m

 

g/kg) in
an ear vein. The reproducibility of experimental uveitis induced by LPS (0.5 

 

m

 

g/kg) was also
determined. Clonidine (0.01, 0.05, 0.25, or 1%), apraclonidine (1%), or guanfacine (1%) was
topically instilled in the right eye 30 and 5 minutes before and 30 minutes after LPS applica-
tion (N 

 

5

 

 6 animals, respectively). Clonidine (0.25%) was topically administered three times
at 30-minute intervals from 240 or 120 minutes before, or 120 or 240 minutes after LPS appli-
cation (N 

 

5

 

 6 animals, respectively). Then 1 mg/kg of yohimbine was injected into an ear
vein 30 minutes before each topical three-time instillation of clonidine 1%, apraclonidine
1% or guanfacine 1% (N 

 

5

 

 6 animals, respectively). Aqueous flare was measured with a la-
ser flare-cell meter. Aqueous flare elevation was expressed as the area under the curve
(AUC) in arbitrary units. Rabbits received the first LPS intravenous injection, and the con-
trol values of the AUC were obtained. Three months later, the 

 

a

 

2

 

-agonist and the second
LPS administration were given to the same animals.

 

Results:

 

The AUCs (5,184 

 

6

 

 1,255 units) after the first application of LPS were similar to
those (5,033 

 

6

 

 1,290) after the second application 3 months after the first administration.
Topical instillation of clonidine inhibited LPS-induced aqueous flare elevation in a dose-
dependent manner (0.01–0.25%). Topical instillation of clonidine 1%, apraclonidine 1% or
guanfacine 1% inhibited LPS-induced aqueous flare elevation by 98 

 

6

 

 2.0% (mean 

 

6

 

 SD),
86 

 

6

 

 14% and 94 

 

6

 

 5.7%, respectively. Pretreatment with intravenous yohimbine prevented
the inhibitory effect on flare elevation induced by each agent.

 

Conclusion:

 

The present findings suggested that topical instillation of some 

 

a

 

2

 

-agonists may
have an inhibitory effect on ocular inflammation, which is mediated in part by 

 

a

 

2

 

-receptors.
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Introduction

 

Clonidine [2-(2,6-dichlorophenylamino) 2-imid-
azoline], apraclonidine (p-aminoclonidine), and guan-
facine [N-amidino-2-(2,6-dichlorophenyl) acetamide]
are known 

 

a

 

2

 

-adrenergic agonists, and yohimbine
[(16

 

a

 

,17

 

a

 

)-17-hydroxyyohimban-16-carboxy acid me-

thyl ester] is an 

 

a

 

2

 

-adrenergic antagonist.

 

1

 

 Clonidine
and apraclonidine have an imidazoline component,
and guanfacine has a guanidine moiety. The 

 

a

 

2

 

-
adrenergic agonists lower intraocular pressure when
applied topically to the eyes of rabbits, healthy hu-
mans and patients with glaucoma.

 

2–4

 

 These agents
prevented an acute rise in intraocular pressure fol-
lowing anterior segment laser surgery and cataract
operation.

 

5–7

 

 The anti-inflammatory actions of cloni-
dine and guanfacine on rat paw edema induced by
various inflammatory agents have been reported pre-
viously.

 

8,9

 

 Pretreatment with apraclonidine 1% eye-
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drops inhibited ocular inflammation induced by
YAG laser to the albino rabbit iris, argon laser to the
pigmented rabbit iris, and cyclocryotherapy in albino
rabbits.

 

10–12

 

 We previously reported that transcor-
neal diffusion of prostaglandin E

 

2

 

 (PGE

 

2

 

) adminis-
tered using a glass cylinder produced aqueous flare
elevation in the eyes of pigmented rabbits, and that
topical clonidine inhibited PGE

 

2

 

-induced aqueous
flare elevation, mediated through the 

 

a

 

2

 

-receptor pe-
ripherally.

 

13,14

 

 In the present study, we investigated the
effects of topical 

 

a

 

2

 

-agonists, clonidine, apraclonidine,
and guanfacine, on lipopolysaccharide (LPS)-induced
aqueous flare elevation.

 

Materials and Methods

 

Animals

 

Eighty-six Japanese mongrel pigmented male rab-
bits, weighing 2.0–3.5 kg each, were used. All animal
procedures conducted in the study followed the te-
nets of the U.S. Association for Research in Vision
and Ophthalmology Resolution on the Use of Ani-
mals in Research.

 

Chemicals

 

Clonidine hydrochloride and yohimbine hydro-
chloride were purchased from Wako Pure Chemical
(Osaka). Lipopolysaccharide from 

 

Escherichia coli

 

,
serotype 055: B5, was obtained from Sigma (St.
Louis, MO, USA). Apraclonidine hydrochloride 1%
was provided by Alcon Japan (Tokyo). Guanfacine
hydrochloride was supplied by the Mochida Pharma-
ceutical Company (Tokyo). Clonidine was dissolved
in 1/15 M phosphate buffer (pH 7.4). Yohimbine and
guanfacine were dissolved in distilled water. LPS
was dissolved in 0.9% NaCl immediately before use.

 

Induction of Uveitis by LPS

 

Uveitis was induced by an injection of LPS (0.5

 

m

 

g/kg) into an ear vein without anesthesia. The rab-
bits that initially received LPS were given a second
dose of the same agent after an interval of 3 months.

 

Influence of LPS on Aqueous Flare Elevation 
(Preliminary Experiment)

 

To determine the changes in flare intensity follow-
ing the first and the second administrations of LPS,
of the 16 rabbits that initially received LPS (0.5 

 

m

 

g/
kg), 6 rabbits were given the same agent at an inter-
val of 1 month and 10 rabbits were given the same
agent at an interval of 3 months, as a preliminary ex-
periment. After determining that the rabbits seemed

 

to develop a tolerance to LPS between the 1-month
and the 3-month administrations, we decided that at
3 months was the best time for the second LPS ad-
ministration, and this timing was adopted in our
present experiments.

 

Topical Instillation of Clonidine

 

Twenty-four rabbits received the first intravenous
injection of LPS (0.5 

 

m

 

g/kg). Three months later, 50

 

m

 

L of clonidine (0.01%, 0.05%, 0.25%, or 1%) was
topically instilled in the right eye 30 and 5 minutes
before, and 30 minutes after, the second LPS appli-
cation in the same animals. The same volume of ve-
hicle solution was instilled in the left eye. To deter-
mine the optimum time for administration, 0.25%
clonidine was topically instilled in 30 rabbits from
240, 120, or 30 minutes before, or 120 or 240 minutes
after LPS application. This dose was administered
three times at 30-minute intervals.

 

Topical Instillation of 

 

a

 

2

 

-Adrenergic Agonists

 

Eighteen rabbits received the first intravenous in-
jection of LPS (0.5 

 

m

 

g/kg). Three months later, 50 

 

m

 

L
of clonidine 1%, apraclonidine 1%, or guanfacine 1%
was topically instilled in the right eye 30 and 5 min-
utes before and 30 minutes after, the second LPS ap-
plication in the same animals. The 0.9% NaCl solu-
tion was instilled in the left eye in a similar manner.

 

Administration of Yohimbine

 

Eighteen rabbits received the first intravenous in-
jection of LPS (0.5 

 

m

 

g/kg). Three months later, yo-
himbine injection, an 

 

a

 

2

 

-agonist, and the second LPS
administration were given to the same animals. Yo-
himbine (1 mg/kg) was injected into an ear vein, 30
minutes before the topical three-time instillation of
clonidine 1%, apraclonidine 1%, or guanfacine 1%.
The second LPS injection was administered 60 min-
utes after yohimbine application.

 

Aqueous Flare Measurement

 

Aqueous flare was measured with a laser flare-cell
meter (FC-1000; Kowa, Tokyo), according to the
method described by Sawa et al.

 

15

 

 No mydriatics
were instilled. A laser flare-cell meter indicated the
presence of intracameral proteins. Aqueous flare
was measured immediately before and 1, 2, 3, 4, 6, 8,
12, 16, 20, 24, and 28 hours after LPS administration.
Five measurements were taken in the midportion of
the anterior chamber at each time point to obtain
the mean value. The sampling area was 0.075 mm

 

3

 

.
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Aqueous flare elevation is expressed as the area un-
der the curve (AUC). The AUC of the first LPS-
induced aqueous flare in the untreated rabbits
served as control. After an interval of 3 months, the
AUC of the second LPS-induced aqueous flare in
the same animals with pretreatment (

 

a

 

2

 

-agonist or
vehicle) was obtained. Inhibition was estimated us-
ing the following equation: 

(1)

Inhibition %( ) 1 AUC by α2-agonist or vehicle( )
AUC of untreated rabbit( )⁄
–[

]
100×

=

 

Statistics

 

Results are presented as mean 

 

6

 

 SD. Differences
were determined using Dunn’s multiple comparisons
procedure, with 

 

P

 

 

 

,

 

 .05 accepted as significant.

 

Results

 

No systemic conditions, including body weight,
were affected by the three-time topical instillation of
clonidine 1%, apraclonidine 1%, or guanfacine 1%,
or intravenous injection of LPS (0.5 

 

m

 

g/kg) or yo-
himbine (1 mg/kg).

After intravenous injection of LPS (0.5 

 

m

 

g/kg) the
aqueous flare increased to a peak between 4–8
hours, then gradually decreased and returned to
baseline levels 28 hours later (Figure 1). The mean 

 

6

 

SD of the AUC of 0.5 

 

m

 

g/kg LPS-induced aqueous
flare was 5,184 

 

6

 

 1,255 arbitrary units.
Changes in flare intensity following the first and

second intravenous injections of LPS are shown in
Figure 2. The AUCs (5,033 

 

6

 

 1,290 units) after the

Figure 1. Changes in aqueous flare after intravenous li-
popolysaccharide (LPS) (0.5 mg/kg) injection into an ear
vein of rabbits.

Figure 2. Changes in area under curve (AUC) of li-
popolysaccharide (LPS)-induced aqueous flare elevation
following first and second administrations of LPS (0.5 mg/
kg). Of 16 rabbits that initially received LPS, 6 were given
the same agent at an interval of 1 month and 10 were given
the same agent at an interval of 3 months, as a preliminary
experiment. Mean 6 SD is shown. *P , .05. NS: not signif-
icant, N: number of rabbits used for data.

Figure 3. Inhibition of lipopolysaccharide (LPS)-induced
aqueous flare elevation by topical instillation of clonidine.
Twenty-four rabbits received first intravenous injection of
LPS (0.5 mg/kg) and control values of area under curve
were obtained. Three months later, a2-agonist and second
LPS administration were given to same animals. Thirty
and 5 minutes before and 30 minutes after second LPS ap-
plication, 0.01%, 0.05%, 0.25%, or 1% clonidine (50 mL)
was topically administered to right eyes. Vehicle was in-
stilled in left eyes. Mean 6 SD of data from 6 rabbits is
shown. *P , 0.05, **P , .01, ***P , .001. NS: not signifi-
cant. j a2-agonist-administered eye, u vehicle-adminis-
tered eye.
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second application of LPS 3 months after the initial
administration were similar to those (5,184 

 

6

 

 1,255
units) after the first application, although those
(3,030 

 

6

 

 903 units) after the second application 1
month after the initial administration (in our prelim-
inary experiment) were significantly smaller than
those after the first application (

 

P

 

 

 

,

 

 .05).
Topical instillation of 0.01%, 0.05%, 0.25%, or 1%

clonidine inhibited the LPS-induced aqueous flare
elevation by 1.0 

 

6

 

 9.1%, 46 

 

6

 

 11%, 94 

 

6

 

 5.9% and
98 

 

6

 

 2.0%, respectively (Figure 3). In the vehicle-
administered eyes, 0.25% and 1% clonidine inhib-
ited aqueous flare elevation by 23 

 

6

 

 15% and 35 

 

6

 

17%, respectively.
The relationship between the administration time

of clonidine and LPS-induced aqueous flare eleva-
tion is shown in Figure 4. Clonidine 0.25% showed
maximum inhibition of flare elevation when instilled
three times at 30-minute intervals before LPS appli-
cation. The inhibition was insignificant when cloni-
dine was instilled 240 minutes before and after LPS
treatment.

Topical instillation of clonidine 1%, apraclonidine
1%, or guanfacine 1% inhibited LPS-induced aque-
ous flare elevation by 98 

 

6 2.0%, 86 6 14% and
94 6 5.7%, respectively (Figure 5). In the vehicle-
treated eyes, clonidine 1% and apraclonidine 1% in-
hibited aqueous flare elevation by 35 6 17% and
27 6 16%, respectively.

The effects of intravenous yohimbine on the inhi-
bition of LPS-induced aqueous flare elevation in-
duced by topical clonidine, apraclonidine, or guanfa-
cine are shown in Figure 6. Pretreatment with
yohimbine diminished significantly the inhibition of
the flare elevation by clonidine 1% (65 6 13%, P ,
.05), apraclonidine 1% (45 6 13%, P , .05), or
guanfacine 1% (60 6 12%, P , .05), when compared
with the findings in Figure 5.

Discussion
In the present study, the AUCs after the first ap-

plication of LPS were similar to those reported by
Yano et al.16 After the second application of LPS, 1
month after the first application, the AUCs were di-
minished, but the AUCs at 3 months were almost the
same as after the first application. This phenomenon
may possibly be attributed to LPS tolerance, as re-
ported by Howes et al.17 Because the rabbits seemed

Figure 4. Inhibition of lipopolysaccharide (LPS)-induced
aqueous flare elevation by topical instillation of clonidine.
Thirty rabbits received first LPS (0.5 mg/kg) intravenous
injection and control values of area under curve were ob-
tained. Three months later, a2-agonist and second LPS ad-
ministration were given to same animals. Clonidine 0.25%
(50 mL), was topically instilled from 240, 120, or 30 min-
utes before (2) or 120 or 240 minutes after (1) second
LPS application. This dose was administered three times
every 30 minutes. Mean 6 SD of data from 6 rabbits is
shown. *P , .05, **P , .01, ***P , .001. NS: not signifi-
cant. j a2-agonist-administered eye, u vehicle-adminis-
tered eye.

Figure 5. Inhibition of lipopolysaccharide (LPS)-induced
aqueous flare elevation by topical instillation of clonidine,
apraclonidine, or guanfacine. Eighteen rabbits received
first LPS (0.5 mg/kg) intravenous injection and control val-
ues of area under curve were obtained. Three months
later, a2-agonist and second LPS administration were
given to same animals. Each 1% agent (50 mL) was topi-
cally administered 30 and 5 minutes before and 30 minutes
after second LPS application. Mean 6 SD of data from 6
rabbits is shown. ***P , .001. NS: not significant. j a2-
agonist-administered eye, u vehicle-administered eye.
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to develop a tolerance to LPS between the 1-month
and 3-month administration, we decided that 3
months was the best time for the second LPS admin-
istration in the present experiments. Accordingly,
the a2-agonists and the second LPS administration
were given to rabbits that had initially received LPS
3 months before.

Changes in intraocular pressure following LPS ap-
plication were not determined in the present study.
The relationship of the changes between aqueous
flare elevation and intraocular pressure following
administration of LPS or a2-agonists remains un-
clear.

A preliminary study showed that a single instilla-
tion of clonidine 0.25% inhibited LPS-induced aque-
ous flare elevation by approximately 30%. In the
present study, therefore, a2-agonist was topically in-
stilled three times at 30-minute intervals.

Lipopolysaccharide-induced uveitis has been used
as a model for some human diseases and to evaluate
the pharmacologic efficacy of potential anti-inflam-
matory agents.18,19 The present findings showed that
clonidine, apraclonidine, and guanfacine inhibited
the aqueous flare elevation induced by intravenous
LPS. The pretreatment with intravenous yohimbine

prevented the inhibition of LPS-induced aqueous
flare elevation by clonidine, apraclonidine, or guan-
facine. Therefore, it is possible that the inhibitory ef-
fects of these agents on LPS-induced aqueous flare
elevation may be mediated, in part, by a2-receptors.

We previously reported that clonidine inhibited
PGE2-induced aqueous flare elevation, partly medi-
ated peripherally by a2-receptors.14 Kulkarni et al9

previously demonstrated that pretreatment with yo-
himbine prevented the anti-inflammatory effect of
clonidine, guanfacine, and B-HT 920 on rat paw
edema induced by various inflammatory agents in-
cluding carrageenan. Topical instillation of apra-
clonidine inhibited a blood aqueous-barrier break-
down following argon laser burning of pigmented
rabbit iris, and this effect was diminished by pre-
treatment with yohimbine.11 These findings9,11 were
quite similar to the present observations. Holsapple
et al8 reported that an imidazoline component played
an important role in anti-inflammatory activity.
However, guanfacine, which does not have the imi-
dazoline moiety, inhibited flare elevation in the
present study. It is likely that the activation of a2-
receptors may be important for the anti-inflamma-
tory action, as reported by Kulkarni et al.9

In animals that underwent topical instillation of
clonidine or apraclonidine in the right eye, 35% or
27% inhibition of aqueous flare elevation was found
in the left eye. This inhibition was possibly produced
by clonidine or apraclonidine absorbed into the ves-
sels of the conjunctiva and nasal mucosa of the drug-
treated animals.

Both the previous and the present findings have
indicated that some a2-agonists may have the poten-
tial to become new anti-inflammatory agents in the
treatment of some kinds of uveitis, although the ex-
act mechanism involved remains unclear.10–12,14

The authors would like to thank Alcon Japan and Mochida Phar-
maceutical Company for providing a2-agonists.
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