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Fig. |. Western blot analysis of FN, CTGF and S-actin in HCECs.
HCECs were incubated with 10 ng/mL of TGF-81. At the indicated time, cells were recovered and lysed. The cell
lysates and conditioned media were separated in a polyacrylamide gel. After SDS-PAGE, the proteins were transferred
onto PVDF membrane, and probed with anti-FN, CTGF or g-actin antibody. S-actin was used as a loading control.

Fig. 2. Effects of stRNA on the production of CTGF and FN in HCECs at 48 hours post-transfection.
Whole cell lysates of each sample were assayed by Western blot analysis. f-actin was used as a loading control. Lanc 1:

lipofectamine 2000; Lane 2: negative control shRNA; Lane 3: CTGF shRNA1; Lane 4: CTGF shRNA2; Lane 5: CTGF
shRNA3; Lanc 6: sShRNA4.
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Fig. 3. Enhancement of cell adhesion by CTGF and FN.
Cells (1000 cells/well) were incubated with 1% BSA, CTGF (1.3 M, 3.9 uM), EN (10 yg/mL), or CTGF (1.3 uM, 3.9
#M) + FN (10 gg/mL) for 45 minutes. After 45-minute incubation, adhesive cells were counted. Data were the mean +
SEM of the number of attached cells/well in three independent experiments. Significant difference compared with the
* 1%BSA group, ¥ CTGF group (1.3 £M), £ FN group. Single symbol stands for p < 0.05; two symbols, for p < 0.01.

ably because the amount of secreted CTGF was too minute interpretation for these results is FN may be secreted into
to be detected. The coordination between CTGF and FN the media much more than CTGF. Further study is required
expression in cell lysates and media was not observed. One to clarify the precise mechanism of the phenomena.
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Fig. 4. The inhibitory effects of anti-FN antibody on CTGF-induced cell adhesion.
Wells were coated with FN (2 gg/mL) and incubated with 1,000 cells in the presence of CTGF or 1% BSA. CTGF facil-
itated cell attachment on FN-coated well (*p < 0.05). Cell adhesion to FN-coated wells was compared after adding anti-
FN antibody or control IgG antibody along with CTGF (1.3 £M) or 1% BSA. Cells (1,000 cells/well) were incubated
for 45 minutes. After 45-minute incubation, adhesive cells were counted. Enhancement of cell adhesion to FN by CTGF
was inhibited by anti-FN antibody. Data were the mean = SEM of the number of attached cells/well in three indepen-

dent experiments (*p < 0.05).

Secondly, we synthesized four CTGF-specific sShRNAs
and transfected them into corneal epithelial cells to examine
their effects on the expression of CTGF and FN. Western
blot analysis showed that two of the four constructed shR-
NAs strongly inhibited CTGF protein production, but the
other shRNAs had weak inhibitory effects. The reason for
the different results observed with these shRNAs might be
due to a position effect. In the present study, the transfected
cells which suppressed CTGF production also inhibited FN
production and CTGF clearly regulated the expression of
FN as shown in Fig. 2. Therefore, we suspect that FN func-
tions downstream of CTGF.

Based on the results of our cell attachment assay, we
indicated that CTGF bound to FN would have synergistic
effects in promoting corneal epithelial cell adhesion. To our
knowledge, there is no report which has investigated the
adhesive function of CTGF to corneal epithelial cells,
although there are some reports that demonstrated that
CTGF enhanced cell adhesion of other types of cells to FN
(such as stellate cells, sinusoidal endothelial cells, and
chondrocytes) (Hoshijima et al. 2006; Pi et al. 2008).

Moreover, in our organ culture model, we have dem-
onstrated that the interaction of CTGF and FN promoted
corneal epithelial migration significantly when compared to
FN alone at the CTGF concentration of 390 nM. However,
CTGF (at 3.9 uM) alone had almost the same level of cor-
neal epithelial migration promotion as did a combination of
CTGF and FN. As to this fact, we propose that at the con-
centration of 3.9 uM, even with CTGF alone, the maximum
corneal epithelial migration was achieved; however, it is
possible that other factors besides FN are involved in pro-
motion of CTGF-induced corneal epithelial cell migration.

The present study is limited to in vitro and organ cul-
ture experiments, with no in vivo investigations. In vivo,
TGF-f1 is abundantly present on the surface of the eye, as
are other factors suppressing CTGF, which leads to more
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Fig. 5. Effects of CTGF and FN on corneal epithelial cell
migration.
Corneal blocks were cultured for 24 hours with various
concentrations of CTGF either with or without FN (10
pg/mL). The length of the path of epithelial migration
was measured on the micrographs. With the concentra-
tion of CTGF at 390 nM, CTGF plus FN significantly
promoted epithelial cell migration than CTGF alone.
However, the 3.9 #M concentration of CTGF alone pro-
moted migration of corneal epithelial cells without the
presence of FN. Each value is the average + SEM in
three independent experiments (*p < 0.03).

complex regulation of CTGF. The results of our cell attach-
ment assay showed no effects on cell attachment with
CTGF alone, and the effect of CTGF on the cell attachment
was FN-dependent. In the organ culture model, however,
the 3.9 uM concentration of CTGF alone promoted migra-
tion of corneal epithelial cells independent of FN.

Our study has an advantage in that we have proven
coordination of CTGF and FN in the adhesion and migra-
tion of corneal epithelial cells. We anticipate that we may
be able to apply our results clinically by controlling CTGF,
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which has a close relationship with TGF-81 and FN, for

treatment of some intractable corneal epithelial diseases.
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We have studied the effect of disulfiram (DSF) solution containing 2-hydroxypropyl-B-cyclodextrin and
hydroxypropytmethylcellulose (DSF eye drops) on intraccular pressure (IOP) in experimentally induced ocular
hypertension in rabbits. In both in vitro and in vivo transcorneal penetration experiments using rabbit corneas,
only diethyldithiocarbamate (DDC) was detected in the aqueous humeor, while DSF was not detected. The
amount of DDC penetration for 0.25% DSF eye drops was about 4-fold that for 0.1% DSF eye drops in in vivo
transcorneal penetration experiments. The elevation in TOP was induced by the rapid infusion of 5% glucose so-
lution (15ml/kg of body weight) through the marginal ear vein, and IOP was measured with an electronic
tonometer. The induced elevation in IOP was reduced by the instillation of 0.1—0.5% DSF eye drops, and the
[OP-reducing effect increased with the increase in DSF concentration in the drops. Nitric oxide (NO) levels in-
creased in the aqueous humor following the infusion of the 5% glucose solution, and this increase was also sup-
pressed by the instillation of DSF eye drops. In conclusion, the present study demonstrates that the instillation of
DSF eye drops has an IOP-reducing effect in rabbits with experimentally induced ocular hypertension, probably
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caused by the suppression of NO production,

Key words  glaucoma; nitric oxide; disulfiram; 2-hydroxypropyl-f-cyclodextrin; hydroxypropylmethylcellulose

Glaucoma is characterized by nerve degeneration that
causes the disappearance of retinal ganglion cells, visual
field loss and excavation of the optic disk, and ophthalmopa-
thy.'? It is one of the most common causes of visual impair-
ment and blindness throughout the world and is more com-
mon in the elderly.”’ The major risk factor for glaucoma is
elevated intraocular pressure (IOP), which leads to apoptosis
and loss of retinal ganglion cells.” In treating glaucoma, the
focus is on reducing IOP, and retinal and optic nerve damage.
However, the retinal and optic nerve damage that result from
elevated TOP are not satisfactorily controlled by the current
therapies. Therefore, the search for successful therapies for
glaucoma is a high priority.

Nitric oxide (NO) is synthesized from the guanidino-nitro-
gen of L-arginine and molecular oxygen by nitric oxide syn-
thase: (NOS). Endothelial NOS and neuronal NOS are pres-
ent in most ocular tissues, including those responsible for
aqueous dynamics, i.e. the ciliary processes, ciliary muscle
and trabecular meshwork.>~” NO causes relaxation of the
ciliary muscle and trabecular meshwork.®” The relaxation of
the ciliary muscle tends to decrease trabecular outflow facil-
ity and increase uveoscleral outflow, while relaxation of the
trabecular meshwork increases trabecular outflow facility.
Thus the effects of NO on I0P vary depending upon the site
of action. On the other hand, recently, Kiel ef al.'” reported
that the systemic inhibition of NOS by N®-nitro-L-arginine
methyl ester (L-NAME) causes a large, rapid decrease in IOP
by due to ciliary vasoconstriction in rabbits. Therefore,
agents that inhibit NOS in the blood vessel of ciliary body
might prove useful in the treatment of glaucoma.

Diethyldithiocarbamate (DDC) is a potent NOS inhibitor
and radical scavenger.!''? However, DDC is unstable in neu-
tral solution, and is not able to penetrate through the cornea
into the aqueous humor.'” Disulfiram (DSF), a dimer of

* To whom correspondence should be addressed.  c-mail: itoyoshi@phar.kindai.ac.jp

DDC, has long been used to treat alcoholic syndrome with-
out severe side effects.'” However, its application in the oph-
thalmic field is limited due to its poor water solubility.

Cyclodextrins are cyclic oligosaccharides comprising R-D-
glucose linked by R-(1—4) glucosidic bonds. Natural cy-
clodextrins and their synthetic derivatives have been studied
extensively to improve certain properties such as their solu-
bility, stability, and/or bioavailability.'® 2-Hydroxypropyl-S-
cyclodextrin (HPSCD) is a cyclic oligosaccharide with a hy-
drophilic outer surface and a lipophilic cavity that is capable
of forming inclusion complexes with many lipophilic drugs
by taking up the drug molecule, or part of it, into its
lipophilic cavity.'*'” In aqueous solution, hydroxypropyl-
methylcellulose (HPMC), a water-soluble polymer, increases
the solubilizing effect of cyclodextrins on lipophilic drugs by
increasing the stability constants of the drug/cyclodextrin in-
clusions.'® We previously found that HPBCD and HPMC in-
crease the solubility of DSF, and solve the problem of its
poor water solubility.'” In this study, we investigated the ef-
fect of DSF solutions containing HPACD and HPMC (DSF
eye drops) on IOP in rabbits.

MATERTALS AND METHODS

Animals Male Japanese albino rabbits, 2.5—3.0kg,
were used in this study. They were housed under standard
conditions (12h/d fluorescent light (07:00—19:00), 25°C
room temperature) and allowed free access to a commercial
diet (CR-3, Clea Japan Inc., Tokyo) and water. All proce-
dures were performed in accordance with the Kinki Univer-
sity Faculty of Pharmacy Committee Guidelines for the Care
and Use of Laboratory Animals and the Association for Re-
search in Vision and Ophthalmology resolution on the use of
animals in research.

© 2010 Pharmaceutical Society of Japan
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Reagents DSF was kindly donated by Ouchi Shinko
Chemical Industrial Co., Ltd. (Tokyo, Japan). HPBCD (aver-
age molar substitution, 0.6; average MW, 1380) was pur-
chased from Nihon Shokuhin Kako Co., Ltd. (Tokyo, Japan).
HPMC was provided by Shin-Etsu Chemical Co., Ltd.
(Tokyo, Japan). Benzalkonium chloride was obtained from
Kanto Chemical Co., Inc. (Tokyo, Japan), and 0.4% Benoxil
was provided by Santen Pharmaceutical Co., Ltd. (Osaka,
Japan). All other chemicals used were of the highest purity
commercially available.

Preparation of Eye Drops Containing DSF Included
with HPSCD HPSCD was added to saline containing
0.005% benzalkonium chloride along with DSF fine powder,
and then the HPMC was added to the solution. The mixture
was stirred for 24 h in the dark at room temperature and fil-
tered through a Minisart CE (pore size of 0.20 um, Costar,
Cambridge, MA, U.S.A.). The adsorption of DSF was not
observed by filtration. The compositions of the DSF eye
drops are shown in Table 1.

In Vitro Transcorneal Penetration of DDC from DSF
Eye Drops The in vifro transcorneal penetration of DDC
from DSF eye drops was examined using the method of
Iwata ef al®® Adult Japanese albino rabbits weighing 2.5 to
3.0kg were killed by injecting a lethal dose of pentobarbital
into the marginal ear vein. The eyes were removed and the
corneas were carefully separated from other ocular tissues.
The individual corneas were placed on a methacrylate cell
designed for transcorneal penetration studies. The side of the
chamber (donor chamber) exposed to the exterior surface of
the cornea was filled with 0.1 or 0.25% DSF eye drops. The
other side of the chamber (reservoir chamber) was filled with
10mm 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid
(HEPES) buffer (pH 7.4) containing 136.2 mM NaCl, 5.3 mm
KCi, 1.0mm K,HPO,, 1.7mM CaCl, and 5.5mM glucose.
The experiments were performed at 35 °C for 6 h. Fifty mi-
croliters of sample solution was withdrawn from the reser-
voir chamber at the indicated time intervals and replaced
with the same volume of buffer. DSF and DDC concentra-
tions in the samples were determined by the following HPLC
method. Fifty microliters of filtrate was added to 100 gl
methanol containing 0.25 gg indomethacin (internal stan-
dard), and the mixture solution were filtered through a Chro-
matodisk 4A (pore size 0.45 ym, Kurabo Industries Ltd.,
Osaka, Japan). The solution (10ul) was injected into a
Mightysil RP-18 (3 ym, column size: 2.0 mmX50mm) col-
umn (Kanto Chemical Co., Inc., Tokyo, Japan) using a Shi-
madzu LC-10AD system equipped with a column oven CTO-
6A (Shimadzu Corp., Kyoto, Japan). The mobile phase con-
sisted of 45% acetonitrile containing 0.1% trifluoroacetic
acid at a flow rate of 0.25ml/min, the column temperature
was 35°C, and the wavelength for detection was 215 nm.?"
Corneal viability was monitored by measuring thickness

Table 1. Formulations of DSF Eye Drops

Content (%)

DSF HPACD HPMC
0.1% DSF eye drops 0.10 1.1 0.1
0.25% DSF eye drops 0.25 30 0.1
0.5% DSF eye drops 0.50 5.0 0.1
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(0.0625 cm, average for 5 rabbits, no significant changes in
thickness was observed over the 6 h period).

In Vivo Transcorneal Penetration of DDC from DSF
Eye Drops The in vivo transcorneal penetration of DDC
from DSF eye drops was determined as described by Meisner
et al?® Adult Japanese albino rabbits weighing 2.5 to 3.0kg
were anesthetized by injecting pentobarbital (0.6 mg/kg)
through the marginal ear vein, and a topical anesthetic (0.4%
Benoxil) was instilled into each eye 3 min before sampling of
the aqueous humor. Then, a 29 gauge injection needle con-
nected to silicon tubing (inner diameter: 0.5 mm, Fuji Sys-
tems Co., Tokyo, Japan) joined to a 25 ul microsyringe (Ito
Corp., Tokyo, Japan) was inserted into the eye to obtain
aqueous humor samples, and 50 i of 0.1, 0.25 or 0.5% DSF
eye drops was instilled into the eyes of the rabbits. The aque-
ous humor samples (5 ul each) were removed from the ante-
rior chamber of the eye for 0—90 min. The DSF and DDC
concentrations were determined by HPLC as described
above.

The DDC concentration data in the aqueous humor after a
single injection of 20 pl of DDC solution into the anterior
chamber of the eye were analyzed according to Eq. 12

Cpa=Cy-e™! (N

where C,y, is the DDC concentration in the aqueous humor at
time ¢, C, is the initial concentration of DDC in the aqueous
humor, and %, is the elimination rate constant of DDC from
the aqueous humor. The &, obtained in 5 experiments was
0.0502/min.

The DDC concentration data in the aqueous humor after
the instillation of 50 yl of DSF eye drops were analyzed ac-
cording to Eq. 2:

k-F-X
Cun= s = (e'k= G-t _ e'kf“‘”)
Vi(k,— k) @

where C, is the DDC concentration in the aqueous humor,
X is the dose of the DSF eye drop instillation, %, is the ab-
sorption rate constant, V; is the distribution volume (anterior
chamber, ca. 150 ul), F is the fraction of DDC absorption,
and 7 is the lag time.” The area under the DDC concentra-
tion—time curve (AUCpp) was calculated according to the

“following equation (Eq. 3):

t
AUCppc= J Cppedt e

0
Briefly, AUC was determined according to the trapezoidal

rule up to the last DDC concentration measurement point.

Measurement of Intraocular Pressure in Rabbits The
experiment was carried out according to Bonomi et al.?¥) The
TOP in rabbits was measured with an electronic tonometer
(Medtronic SOLAN, Jacksonville, FL, U.S.A.) under surface
anesthesia (0.4% Benoxil). IOP elevation was induced by the
rapid infusion of 5% glucose solution through the rabbit mar-
ginal ear vein. The amounts injected were 15ml/kg of body
weight and the infusion was accomplished in all animals
within 20 s. The various eye drops were instilled 30 min prior
to the infusion of the 5% glucose solution. The area under
the curve (AUCqp) of the IOP (mmHg) versus time (min)
(the area under IOP—time curve) was calculated as the differ-
ence of AUC in rabbits with or without the infusion of 5%
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glucose solution through the marginal ear vein. AAUC,qp Was
calculated according to the following equation (Eq. 4):

AAUCp= AUC g, of saling instilled rabbit
— AUC,p of DSF eye drops instilled rabbit @)

Measurement of NO Levels in the Aqueous Humor
Adult Japanese albino rabbits weighing 2.5 to 3.0kg were
anesthetized by injecting pentobatbital (0.6 mg/kg) through
the marginal ear vein, and a topical anesthetic (0.4%
Benoxil) was instilled into each eye 3 min before sampling of
the aqueous humor. Then, a 29 gauge injection needle con-
nected with silicon tubing (inner diameter: 0.5 mm, Fuji Sys-
tems Co., Tokyo, Japan) joined to a 25 yt microsyringe (Ito
Corp., Tokyo, Japan) was inserted into the eye to obtain
aqueous humor samples, and 50 yl of DSF eye drops was in-
stilled into the eyes. Aqueous humor samples (5l each)
were collected from the anterior chamber of the eye, and the
NO levels in the aqueous humor were measured using a
Hitachi F-3000 Fluorescence Spectrophotometer (Hitachi,
Tokyo, Japan) and NO,/NO; Assay Kit-F I (Wako, Osaka,
Japan) according to the manufacturer’s instructions. In this
paper, NO amounts reflect the levels of the NO; and NOj
metabolites, which are the products of NO.

Statistical Analysis All values are presented as
mean+standard error of the mean (S.E.). Unpaired Student’s
or Aspin—Welch’s t-tests were used to evaluate statistical dif-
ferences, and multiple groups were evaluated by one-way
analysis of variance followed by Dunnett’s multiple compari-
son. p values less than 0.05 were considered significant.

RESULTS

Transcorneal Penetration of DDC from DSF Eye Drops
Figure 1 shows in vitro transcorneal penetration of DDC
from DSF eye drops using rabbit corncas. In this study, only
DDC, not DSF, was detected. The amount of penetrated
DDC increased after instillation of 0.1 or 0.25% DSF eye
drops. There were no significant differences in the amount of
penetration between the two DSF eye drop formulations. Fig-
ure 2 shows the DDC concentrations in the aqueous humor
after the instillation of 0.1 or 0.25% DSF eye drops into rab-
bit eyes, and Table 2 summarizes the pharmacokinetic pa-

100
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DDC concentration (}LM)

Time (h)

Fig. 1. In Vitro Transcorneal Penetration of DDC from DSF Eye Drops

The donor chamber with the exterior surface of the cornea was filled with 0.1 or
0.25% DSF eye drops. 0.1% DSF eye drops (O), 0.25% DSF eye drops (®). The data
represent the means+S.E. of 5 rabbit comeas.
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rameters calculated from the in vivo transcorneal penetration
data. In the aqueous humor, only DDC was detected, with a
peak concentration observed at 20 min after the instillation of
0.25% DSF eye drops. In contrast to the in vitro transcorneal
penetration results, the amount of DDC penetration for the
0.25% DSF eye drops was higher than that for the 0.1% eye
drops, and the values of AUC,, and k, for the 0.25% DSF
eye drops were approximately 2.5-fold higher in comparison
with those of the 0.1% DSF eye drops.

Effect of DSF Eye Drops on IOP in Rabbit Figure 3
shows the effects of the instillation of DSF eye drops on IOP
in rabbits with experimentally induced ocular hypertension,

60
50
40
30

20

DDC concentration (M)

1] 20 40 60 80 100
Time (min)

Fig. 2. In Vivo Transcorneal Penetration of DDC from DSF Eye Drops

Rabbits were instilled with 50 pl of 0.1 or 0.25% DSF eye drops. 0.1% DSF eye drop
instilled rabbits (O), 0.25% DSF eye drop instilled rabbits (@). The data represent the
means* S.E. of 5 rabbit corneas. * p<0.05, vs. 0.1% DSF eye drops instilled rabbit.

Table 2. Pharmacokinetic Parameters for the in Vivo Transcorneal Pene-
tration of DDC Released from DSF Eye Drops

AUCpe k, T

(v - min) (min) (min)
0.1% DSF eye drops 738+62 0.025+0.004  5.84%+0.67
0.25% DSF eye drops 1835+£313* 0.072x0.007* 4.99*022

AUC ., the area under the DDC concentration-time curve; k,, absorption rate con-
stant; 7, lag time. The data are presented as means=S.E. of 5 independent rabbits.
* p<0.05, vs. 0.1% DSF eye drops.
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Fig. 3. Effect of DSF Eye Drops on IOP in Rabbits Receiving a Rapid
Infusion of 5% Glucose Solution

Rabbits receiving a rapid infusion of 5% glucose solution were instilled with 50 ul of
saline or DSF eye drops. Saline instilled rabbits (O), 0.1% DSF eye drop instilled rab-
bits (@), 0.25% DSF eye drop instilled rabbits (&), 0.5% DSF eye drop instilled rabbits
(m). The data represent as means=S.E. of 5 independent rabbits.



September 2010

Table 3. The IOP-Reducing Effect of DSF Eye Drops in Rabbits Receiv-
ing Rapid Infusions with 5% Glucose Solution

AAUC e (mmHg - min)

0.1% DSF eye drops 524*49
0.25% DSF eye drops 61.8*+5.4
0.5% DSF eye drops 107.8+14.7*

AAUC,qp was calculated as the difference of AUCy, of saline instilled rabbit and
AUC,op of DSF eye drops instilled rabbit. The data represent the means=S.E. of 5
independent rabbits. * p<<0.05, vs. 0.1% DSF eye drops.

80

60

40

20

NO concentration (nmol/mt)

Time (min}

Fig. 4. Effect of DSF Eye Drops on NO in Rabbit Rapid Infused with 5%
Glucose Solution

The rabbits rapid infused with 5% glucose solution were instilled with 50 ul of saline
or 0.5% DSF eye drops. Saline instilled rabbit (O), 0.5% DSF eye drops instilled rabbit
(®). The data are represent the means*S.E. of 5 independent rabbits. * p<<0.05, vs.
saline instilled rabbit.

and Table 3 shows the I[OP-reducing effect of DSF eye drops.
The elevation of IOP in rabbits was induced by the rapid in-
fusion of 5% glucose solution (15mlkg) through the mar-
ginal ear vein. The IOP was highest 10 min after the infusion,
and returned to the pre-infusion level by 50 min after the in-
fusion. Rabbits instilled with DSF cyc drops showed a signif-
icantly reduced level of IOP elevation compared with rabbits
instilled with saline, and the TOP-reducing effect increased
with the increase in the DSF concentration of the eye drops
(Table 3). Figure 4 shows the changes of NO levels in the
aqueous humor of rabbits instilled with saline or 0.5% DSF
eye drops. NO levels in the aqueous humor of rabbits rose
following the rapid infusion of 5% glucose solution into the
marginal ear vein, and reached a maximum at 20 min. The
instillation of DSF eye drops also reduced the degree of NO
elevation in the aqueous humor.

DISCUSSION

Glaucoma is a major cause of blindness, with an estimated
70 million people affected worldwide. Over the course of
their lives, 10% of these patients will become bilaterally
blind.¥ However, for reasons of effectiveness and safety, a
potent anti-glaucoma drug for human use has not yet been
introduced. From the view point of the recent steep increase
in the number of patients with glaucoma in modern aging so-
cieties, the development of effective and safe anti-glaucoma
drugs is highly anticipated. In this study, we investigated the
effects of DSF eye drops on IOP.

The safety of eye drops is an important factor. It has been
reported that HPBCD ranks second in safety to y-CD in a va-
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riety of CD derivatives used for eye drop applications.””
Moreover, Jansen et al.’® reported no irritation to eye mem-
branes by HPSCD solutions less than 12.5%. Therefore, we
used 1—5% HPBCD, which is low in comparison with the
concentrations used in that report, and decided the DSF con-
centrations to be used in eye drops.'”

In both in vitro and in vivo transcorneal penetration experi-
ments using rabbit corneas only DDC was detected in the
reservoir side or aqueous humor. We previously reported a
sulthydryl-rich protein, aldehyde dehydrogenase 3Al
(ALDH3A1), which is related to the conversion of DSF to
DDC, and exists in abundance in the corneal stroma and en-
dothelium.'*?’?® Therefore, DSF in HPACD solutions con-
taining HPMC may be converted to DDC vig catalysis by
ALDH3A1 in the cornea. The amount of DDC penetration
showed no significant difference between 0.1 and 0.25% DSF
eye drops in the in vitro transcorneal penetration experiments
(Fig. 1). In contrast, in the in vivo transcorneal penetration
experiments, the amount of DDC penetration was about 4-
fold higher in the case of the 0.25% DSF eye drops than the
0.1% DSF eye drops, and the values of AUC, and £, were
also higher for the 0.25% DSF eye drops than the 0.1% DSF
eye drops (Fig. 2). In the in vitro transcorneal penetration ex-
periments, the viscosity and corneal contact area of the 0.1
and 0.25% DSF eye drops were almost the same, since the
DSF eye drops were completely stirred in the chamber. These
results suggest that the absorption rate for transcorneal DDC
penetration is regulated by the viscosity and corneal contact
area of the DSF eye drops. Therefore, we measured the vis-
cosity the two DSF drop preparations. The viscosity of the
0.25% DSF eye drops was higher than that of the 0.1% DSF
eye drops (1.85mm%s for the 0.1% DSF eye drops,
2.01 mm%/s for the 0.25% DSF eye drops; measured at 25 °C
by an Uberode type viscometer). It was known when the eye
drops was lost from tear film within 30s—2 min, while a
small amount remained associated with conjuctival tissue.
On the other hand, the increase in viscosity of the eye drops
remained a higher storage on the surface of a cornea.””
These suggest that the 0.25% DSF eye drops have a higher
storage on the surface of a cornea, and this lead to the higher
absorption rate for 0.25% DSF eye drops than the 0.1% DSF
eye drops. In addition, free DSF and HPCD-included DSF
coexists both in 0.1 and 0.25% DSF solutions. Moreover, the
concentrations of free DSF in those solutions are almost
same. Therefore, the free DSF related strongly to the trans-
corneal penetration.

The intravenous administration of a 5% glucose solution is
a simple and reproducible technique for the screening of
anti-glaucoma agents.”” In this study, the IOP in rabbits re-
ceiving a rapid infusion of 5% glucose solution initially rose,
and returned to baseline levels by 50 min after infusion. This
indicates that the IOP elevation in this experiment may pro-
vide a suitable model for acute glaucoma. The degree of IOP
elevation in rabbits receiving a rapid infusion of 5% glucose
solution was reduced by the instillation of DSF eye drops
with both 0.1 and 0.25% DSF eye drops providing [OP-re-
ducing effects sufficient to protect against glaucoma. In addi-
tion, the IQP-reducing effect was greater for the higher DSF
concentration {Table 3). These results demonstrate that DSF
eye drops containing 0.1 or 0.25% may be useful agents for
the treatment of glaucoma.
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It is important to clarify the mechanism by which DSF eye
drops protect against the elevation in IOP. Shah et al.*® re-
ported that the rapid infusion of a 5% glucose solution into
rabbits leads to a reduction in blood osmolarity, which leads
to the transfer of water into the eye thus causing the elevation
in TOP. Kiel et al.'%Y reported that the inhibition of NOS by
L-NAME causes a decrease in water production by due to
ciliary vasoconstriction in rabbits, resulting in a decrease in
IOP. In addition, it was known that the [OP elevation in rab-
bits receiving a rapid infusion of 5% glucose solution used
this study was caused by rapidly aqueous humor produc-
tion.?* In our previous study, we reported that DSF eye drops
prevent excess NO production in the eye.’” We used 0.5%
DSF eye drops to clarify the IOP-reducing mechanism of
DSF eye drops, because the higher concentration makes it
easier to clarify the IOP-reducing effects. NO levels in the
aqueous humor of rabbits receiving the rapid infusion of 5%
glucose solution increased, and the instillation of 0.5% DSF
eye drops reduced this increase (Fig. 4). The instillation of
DSF eye drops did not affect the IOP of normal rabbit (with-
out the rapid infusion of 5% glucose solution, data not
shown). Taking these findings together, we hypothesize that
the DSF eye drops penetrate the cornea, and that DSF is con-
verted in the cornea to DDC by ALDH3A1. This DDC may
cause a reduction in water production by inhibiting NO pro-
duction, resulting in a reduction in IOP. On the other hand,
the elevation of IOP occurs prior to the induction of NO in
the aqueous humor. Tn this study, the NO amounts reflect the
levels of the NO; and NOj metabolites, which are the prod-
ucts of NO. Therefore, the high NO levels by 20 min after the
infusion may show metabolites of NO. As incipient NO pro-
duced in the eye may be consumed for the ciliary vasocon-
striction, the apparent enhancement of NO in the aqueous
humor may not change.

Further studies are needed to elucidate the precise mecha-
nisms of the IOP-reducing effect of DSF eye drops. There-
fore, we are now investigating the effect of DSF eye drops on
aqueous production.

Tn conclusion, the present study demonstrates that IOP and
NO levels increase in rabbits receiving a rapid infusion of
5% glucose solution, and the instillation of DSF eye drops
reduces these increases. The instillation of DSF eye drops
has a potent IQP-reducing effect in rabbits with experimen-
tally induced high TOP, probably by inhibiting the elevation
in NO levels. These findings provide significant information
that can be used in designing further studies to develop anti-
glaucoma drugs.
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Introduction

It is accepted that herpes simplex virus type 1 (HSV-1)
latency occurs in the trigeminal ganglion. However, our
group'” and several other groups have demonstrated latent
virus presence in the cornea. Negative homogenate and
positive coculture provide proof of latent infection. Con-
ventional coculture tests demonstrated HSV-1 latency in
ten of the 20 eyes (50%) with herpetic stromal keratitis in
the quiescent phase we examined.' In addition, although
conventional coculture detected 50% presence, polymerase
chain reaction (PCR) demonstrated HSV-1 latency in the
corneas of 80% of these cases.!

Various methods have been tried to suppress HSV-1
reactivation. Studies have shown that acyclovir,’ proprano-
lol,* thymidine kinase inhibitor,” helicase-primase inhibitor,’
bupropion,” and oral cyclooxygenase (COX) inhibitor®’
effectively lower HSV-1 recurrence rates. However, the
improvements registered did not prove sufficient.

Suppressing HSV-1 Reactivation
In our current study,™' seven medications were investi-
gated for their efficacy in suppressing HSV-1 reactivation.
These medications were oral etodolac, bromfenac sodium
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(Na) eye drops, pranoprofen eye drops, oral ascorbic acid,”
oral zinc,” intramuscular adenosine monophosphate
(AMP),* and intraperitoneal geldanamycin.” Etodolac,
bromfenac Na eye drops, and pranoprofen are COX inhibi-
tors. Oral etodaolac is dominant in COX-2 inhibition, brom-
fenac Na eyc drops, too, are dominant in COX-2 inhibition,'®
whereas pranoprofen eye drops are not COX-2-specific."”
Ascorbic acid is vitamin C, and geldanamycin is a heat
shock protein inhibitor.

Methods

Mice corneas were inoculated with 2.5 x 10* plaque forming
units (PFU) of HSV-1 strain McKrae. Four weeks later,
mice confirmed to have latent TISV-1 were treated with
one of the following: oral etodolac (Hypen, Nihonshin-
yaku, Tokyo, Japan), bromfenac Na eye drops (Bronuck,
Senjyu, Tokyo, Japan), pranoprofen eye drops (Proranon,
Santen, Tokyo, Japan), oral ascorbic acid (Sigma, St Louis,
MO, USA), oral zinc (Sigma), intramuscular AMP (Nacalai
Tesque, Kyoto, Japan), and intraperitoneal geldanamycin
(InvivoGen, San Diego, CA, USA) for 4 days. As controls,
saline solution eye drops (saline solution injection, Otsuka
Pharmaceutical, Tokushima, Japan), oral saline solution,
intramuscular saline solution, and intraperitoneal dimethyl
sulfoxide (DMSO, Wako, Osaka, Japan) werc used. These
treatments continued {rom postinfection (PI) day 31 to 34
(PI day 25 to 29 in the ascorbic acid, zinc, AMP, and gel-
danamycin groups). The mice were given an intravenous
injection of cyclophosphamide on PI day 32 (PI day 28 in
the ascorbic acid, zinc, AMP, and geldanamycin groups)
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and another intravenous injection of dexamethasone on PI
day 33 (PI day 29 in the ascorbic acid, zinc, AMP, and
geldanamycin groups). Seven hours after the dexametha-
song injections, the mice were heated for 10min in a hot
water bath at 43°C. At 24h after the hyperthermia, the
mouse ocular surfaces were swabbed for the culture of the
infectious virus and the mice were killed. Plaque assay and
real-time PCR were performed on the eye balls and
trigeminal ganglia.

Results

Table 1 shows the eye swab results for the etodolac, brom-
fenac Na, and pranoprofen groups.'® When the stimulation
for reactivation was performed, ten of 24 eyes (41.7%) of
the bromfenac Na group, five of ten eyes (50.0%) of the
etodolac group, and 17 of 25 eyes (68%) of the pranoprofen
group showed positive results. However, compared with the
results for the saline solution group (16 of 22 eyes, 72.7%),
only the bromfenac Na group was significantly different (P
= 0.033, Fisher’s exact probability test). On the other hand,
all groups had a positivity rate of 0% in eye swab results
when no stimulation was performed.

HSV DNA copy numbers in both the eyes and trigeminal
ganglia were also assessed (Table 2)."° Although none of the
three drug-treated groups showed any significant differ-
ences from the saline solution group (P > 0.05, Welch’s ¢
test), the average copy number of viral DNA in the trigemi-

Table 1. Eye swab results”
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nal ganglia of the mice treated with cither etodolac or
bromfenac Na eye drops was about one-tenth that of the
mice treated with saline solution. However, the pranopro-
fen eye drops demonstrated an outcome inferior by an
order of magnitude to that of the bromfenac Na eye drops
in TGs. We attributed this to the difference in the selectivity
of the COX inhibitory effect. The HSV DNA copy numbers
in the eyeballs also showed no significant difference between
the saline solution and the other three, drug-treated groups.
Thus, without stimulation, the three drug-treated groups
showed no significant differences from the saline solution
group in the viral DNA copy number in cither the eyes or
the TGs.

Table 3 shows plaque assay results of the oral ascorbic
acid, oral zinc, intraperitoneal geldanamycin, and intramus-
cular groups."" Oral saline solution, intraperitoneal DMSO,
and intramuscular saline solution were control groups.
When the stimulation for reactivation was performed, only
three of 22 eyes (14%) showed positive results in the intra-
peritoneal geldanamycin group. The geldanamycin group
differed significantly from the DMSO group (P < 0.05,
Fisher’s exact probability test).

Table 4 shows the HSV DNA copy numbers in the tri-
geminal ganglion and the eye with reactivation." The HSV
DNA copy numbers in the trigeminal ganglia of intramus-
cular AMP groups showed significant differences from
those of the intramuscular saline solution group (P < 0.05,
Mann-Whitney U test). The HSV DNA copy numbers in the
eyeballs showed no significant difference among the groups.

Saline (eye drops)

Bromfenac Na {eye drops)

Etodolac (oral)  Pranoprofen (eye drops)

With reactivation 16/22
No. of positive eyesftotal no. of eyes (%) (72.7)
Without reactivation 0/6
No. of positive eyes/total no. of eyes (%) ©)

10124+ 510 17/25
@7 (50.0) (68.0)
0/6 016 /4
© (0) (U]

*Significantly different from the saline group (P = 0.033, Fisher’s exact probability test).

Table 2. The HSV DNA copy numbers in the TG and the eye with and without reactivation'’

Saline (eye drops) Bromfenac Na (eye drops) Etodolac (oral) Pranoprofen (eye drops)
TG ‘With reactivation 9.86 + 21.11 6.05 = 11.65 9.38 +23.05 548 + 894
%10 x10! x10* x10°
(n=121) (n=20) (n=9) (n=20)
Without reactivation 531 +2.88 237 +4.08 3.85 + 3.69 295 +£3.26
x10" %10 x10' x10'
(n=3) (n=3) (n=3) (n=3)
Eye With reactivation 373 £12.88 274+ 1521 8.86 + 29.73 153 +£432
x10™ x107 x107 x10™
{(n=21) (n =20) (n=12) (n=20)
Without reactivation 2.62 +243 278 £543 2.88 +5.75 2.60 £ 5.82
x10° x10° x10° x10™
(n=5) (n=5) {(n=4) (n=5)

Values are the average copy number + SD per 100ng of tissue DNA.

HSV, herpes simplex virus; TG, trigeminal ganglion.
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Table 3. Plaque assay results"
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Saline  Ascorbic acid Zinc DMSO Geldanamycin Saline AMP
(oral) (oral) {oral)  (intraperitoneal) (intraperitoneal) (intramuscular) (intramuscular)
TG  With reactivation 520 215 8/25 11724 * 3122 5/21 4/20
(20%) (13%) (32%) (46%) (14%) (24%) (20%)
Eye  With reactivation 6/20 1/15 3726 524 4724 5/22 4/22
(30%) (%) (12%) 21%) (17%) (23%) (18%)
Values are given as the number (percentage) of HSV-1-positive samples.
AMP, adenosine monophosphate; DMSO, dimethy! sulfoxide.
*Significant difference from the DMSO group (P < 0.05, Fisher’s exact probability test).
Table 4. HSV DNA copy numbers in the TG and the eye with reactivation"
Saline Ascorbic acid Zinc DMSO Geldanamycin Saline AMP
(oral) (oral) (oral) (intraperitoneal) (intraperitoneal) (intramuscular) (intramuscular)
TG With reactivation 2.72+3.99 358 +547 145+255 134 +3.17 4.89 £ 103 2.30 £ 3.16 8.39 £ 27.2%
x10? x10* x10° x10% x10? x10° x107
(n =20) (n=15) (n=25) (n=24) (n=22) (n=21) (n=20)
Eye With reactivation 5.50+146 121202 4.58+10.1 9.17 + 248 1.08 + 3.34 2.55 + 445 450 +174
x10! x10° x10' %107 x10* %10 x107!
(n=20) (n=15) (n=126) (n=24) (n=24) (n =22) (n=22)

Values are given as average copy number £ SD per 100ng of tissue DNA.
*Significantly different from the saline group (P < 0.05, Mann-Whitney U test).

Discussion

Eyc swabs and real-time PCR yielded different results.
Because eye swabs detect live viruses and real-time PCR
can detect both live viruses and fragments of viral DNA,
both methods show similar results in cases of acute infection
and different results in cases of either latent infection or
reactivation. We believe that in studies focusing on reactiva-
tion such as the present one, the eye swab results may be
more valid than the real-time PCR results.

Bromfenac Na eye drops may have exerted their inhibi-
tory effect on the TGs via the first trigeminal nerve branch
as well as through systemic absorption. Waterbury et al.'®
reported a significant effect of bromfenac eye drops on
the contralateral eye and suggested the possible systemic
absorption of this drug. More studies on COX gene expres-
sion in the trigeminal ganglia using semiquantitative
reverse transcriptase (RT)-PCR, real-time RT-PCR, or
microarray analysis would help further elucidate the
mechanism by which a COX inhibitor prevents HSV
reactivation.

HSV reactivation in not only a mouse model but also
a rabbit and possibly also a monkey model should also
be studied. Furthermore, studies on whether a combined
remedy with a conventional antiviral drug such as acyclovir
and a COX inhibitor or heat shock protein inhibitor would
additively or synergistically enhance the inhibition of viral
reactivation are also of future interest.” Besides suppres-
sion of viral reactivation, another study'® concluded that
a COX-2 inhibitor can effectively treat herpetic stromal
keratitis. We plan to further investigate the possible effi-
cacy of the medications tested here on herpetic stromal
keratitis.

In conclusion, we showed that bromfenac Na eye drops,
intramuscular AMP, and intraperitoneal geldanamycin
significantly suppressed HSV-1 reactivation in our mouse
model.
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Detection and Quantification of Pathogenic Bacteria
and Fungi Using Real-Time Polymerase

Chain Reaction by Cycling Probe

in Patients With Corneal Ulcer

Motoki Itahashi, MD, PhD; Shiro Higaki, MD, PhD; Masahiko Fukuda, MD, PhD; Yoshikazu Shimomura, MD, PhD

Objective: To detect and quantitate the causative patho-
gens in patients with corneal ulcer using real-time poly-
merase chain reaction (PCR) by cycling probe.

Design: Clinical and laboratory study of 40 eyes of 40
patients diagnosed with corneal ulcer. Two methods were
used for pathogen detection: bacterial culture and real-
time PCR with the patient’s corneal scrapings. Probes and
primers of real-time PCR were designed to be pathogen
specific for simultaneous detection of Staphylococcus au-
reus, Staphylococcus pneumoniae, Pseudomonas aerugi-
nosa, methicillin-resistant S aureus, Candida species, and
Fusarium species. Results by both methods were evalu-
ated and compared.

Resullts: Of 40 eyes, 20 eyes had the same pathogens de-
tected by both methods and those were S aureus (3 eyes;
mean [SE], 3.8 [1.3] X 10" copies/sample), S pneumoniae

(5 eyes; mean [SE], 5.6 [5.1] X 10° copies/sample), P ae-
ruginosa (8 eyes; 5.1 [4.0] X 10° copies/sample), methicillin-
resistant S aureus (1 eye; 1.0 X 10% copies/sample), and Can-
dida species (3 eyes; mean [SE], 8.8 [4.9] X 10° copies/
sample). Six eyes showed negative results by both methods.
Results of both methods disagreed in 14 eyes; specifically,
11 had positive PCR results only, 2 had positive culture
results only, and 1 eye had positive results for different
pathogens.

Conclusions: The real-time PCR assay can simulta-
neously detect and quantitate bacterial and fungal patho-
gens in patients with corneal ulcer. Real-time PCR can
be a fast diagnostic tool and may be useful as an adjunct
to identily potential pathogens.

Arch Ophthalmol . 2010;128(5):535-540

ORNEAL ULCER, INCLUD-
ing bacterial keratitis, fun-
gal keratitis, and Acanth-
amoeba keratitis, can
cause corneal opacity, de-

10 to 14 bases (Figure).'*'®* When the
probe hybridizes to its complementary tar-
get DNA, RNase H cleaves the probe at the
RNA linkage and this allows emission of
strong fluorescence. By measuring the in-
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Department of Ophthalmology,
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Medicine, Osaka-Sayama,

Japan.

teriorated visual acuity, or even lead to
some lifelong complications. Bacterial cul-
ture and smear examination using cor-
neal scrapings is the conventional method
to detect causative pathogens of corneal
ulcer. However, bacterial culture is time-
consuming and results of smear examina-
tion depend on the laboratory techni-
cian’s skill. Therefore, a fast and accurate
diagnostic method is highly desirable.

In recent years, polymerase chain reac-
tion (PCR) has been widely used for clini-
cal bacterium-® and virus-specific’*’ de-
tection and various technologies'''® have
been developed for the PCR assay. Multi-
plex PCR" with multiple primers and real-
time PCR with linear probe,'? structured
probe,'? or cycling probe'*'® (Cycleave
PCR; Takara Bio Inc, Shiga, Japan) are such
examples.

Cycleave PCR uses a chimeric DNA-
RNA-DNA probe with a strand length of

tensity of the emitted fluorescence, the
amount of the amplified product can be
measured (Figure). As compared with lin-
ear probe or structured probe with longer-
length probes, Cycleave PCR is highly spe-
cific with its cycling probe.'*8

In addition to real-time PCR, DNA se-
quencer is another method to detect caus-
ative pathogens."* However, this method
is time-consuming and complicated and
thus less efficient than real-time PCR.

Despite its increasing popularity, PCR
has many limitations and it is still quite a
challenge to accurately identify the caus-
ative pathogens of corneal ulcers by PCR.>¢
Though real-time PCR'*'® is not generally
available to most ophthalmologists, this
technique can be useful in identifying the
causative pathogens. The utility of DNA
copy number in real-time PCR enables cli-
nicians to investigate how DNA copy num-
ber has varied along the clinical course. It
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also helps to distinguish the ocular flora from the caus-
ative pathogens. Thus, appropriate management of cor-
neal ulcers can be achieved in a prompt fashion. We have
previously succeeded in using real-time PCR to detect her-
pes simplex virus in patients with herpetic keratitis.*'® How-
ever, to our knowledge, real-time PCR has not been used
for the diagnosis of bacterial and fungal keratitis. We there-

1. The probe hybridizes to its complementary target DNA

Chimeric probe

5 s

3 5
5 3

2. BNase H cleaves the probe at the RNA linkage

Probe RNase H

5: Primer : Q_V‘-@

3. Emission of fluorescence

Probi S
1008 m -
R @
Primer
5 e
s 5
5 g

Figure. The principle of the cycling probe technology. F indicates
fluorescence; Q, quencher.

fore used 2 methods, microbial culture and Cycleave PCR,
to detect and quantitate the causative pathogens in bac-
terial and fungal ulcers. We assessed and compared the
performance of both methods and aimed to determine the
clinical potential of Cycleave PCR as a diagnostic tool for
corneal ulcer.

S Lm0

SUBJECTS AND SAMPLE COLLECTION

We examined 40 eyes of 40 patients (mean age, 51.6 years; range,
16-89 years) who were diagnosed with corneal ulcer between
November 2006 and January 2009. All the patients except 1
(case 10) were pretreated with antibiotics before coming to our
clinic, Kinki University Hospital. This study adhered to the te-
nets of the Declaration of Helsinki. All the patients agreed to
participate in this study and informed consent was obtained.

Subjects were under local anesthesia by oxybuprocaine eye
drops, 0.4%, and an eye speculum was put on before sampling. -
Two samples were collected from each patient for culture, smear
examination, and real-time PCR by corneal scraping. All sterile
precautions were taken to avoid contamination during sample
colletion.” A stainless-steel blade (disposable scalpel No. 15;
Feather Safety Razor Co LTD, Gifu, Japan) was used to scrape
the lesion. One of the samples was transferred onto the culture
media and slide glass with a cotton swab. The smear on the slide
glass was examined by gram staining at the Department of Bac-
teriologic Examination, Kinki University Hospital.

BACTERIAL AND FUNGAL CULTURE

The samples were cultured on blood agar medium (Nissui
Pharmaceutical Co Ltd, Tokyo, Japan), chocolate agar medium

Abbreviations: Eclipse, Ecllpse Quencher dye (Epoch Biosciences, Bothell, Washmgton) FAM, 6- carboxyﬂuorecem MRSA methicillin-resistant Staphylococcus
aureus; PCR, polymerase chain reaction.

4Takara Bio Inc (Shiga, Japan).
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(Biomerieux Japan, Tokyo), or bromthymol blue glucose agar
medium (Biomerieux Japan). If fungal species including Can-
dida species and Fusarium species were suspected, Candida
medium EX (Nissui Pharmaceutical Co, Ltd) and Sabouraud
agar were used, respectively.

DNA EXTRACTION

The other corneal scraping for real-time PCR was placed into
a sterile microcentrifuge tube that included 500 L of saline
solution. DNA was extracted from a corneal scraping speci-
men using EXTARGEN2 (Tosoh, Tokyo) according to the manu-
facturer’s protocol. Briefly, we first added 100 pL of reagent and
2 pL of detergent for DNA coprecipitation in the tube, and the
mixture was vortexed for 5 secands. Subsequently, 500 uL of
protein-denaturing detergent containing 60% (volume to vol-
ume ratio) isopropanol was added and the solution was vor-
texed again for 10 seconds, followed by a 3-minute centrifu-
gation at aspeed of 6000 X g. After the supernatant was removed,
the precipitate was added to 200 uL of 40% (volume to vol-
ume ratio) isopropanol and was vortexed and centrifuged as
described earlier. It was then added to 500 uL of 70% ethanol
and was vortexed and centrifuged again. Finally, after adding
DNase- and RNase-free water to the harvested DNA pellet, the
DNA sample was prepared. With this kit, the DNA extraction
was completed in approximately 20 minutes.

REAL-TIME PCR

The primers and probes used for Cycleave PCR in this study
were designed to simultaneously detect the following 6 patho-
gens: Staphylococcus aureus, Streptococcus pneumoniae, Pseu-
domonas aeruginosa, methicillin-resistant S aureus, Candida spe-
cies, and Fusarium species (Table 1). The selected target genes
for the specific pathogens were Cap5G (GeneBank U81973) and
Cap8G (GeneBank U73374) for S aureus,” LytA (Takara Bio
Inc) for S pneumoniae, gyrB (GeneBank EF064840.1) for P ae-
ruginosa,* mecA (GeneBank X52593) for methicillin-resistant
S aureus,??** [TS2 (GeneBank ABO32174) for Candida spe-
cies,” and EF1-alpha (GeneBank DQ247583) for Fusarium spe-
cies.®® All the probes were labeled with a 6-carboxyfluorecein
reporter dye at the 5' end and with an Eclipse Quencher dye
(Epoch Biosciences, Bothell, Washington) at the 3’ end. We
bought the primers and probe for S pneumoniae from Takara
Bio Inc. However, the company has not officially published the
sequence of these primers and probe.

The real-time PCR assay used 2 X Cycleave PCR reaction mix-
ture (Takara Bio Inc). The reaction mixture contained 20 pL of
PCR Master Mix (Takara Bio Inc), 20pM primer, 5uM probe,
and 5 pL of DNA sample. The final volume of the reaction mix-
ture was adjusted to 25 pL. The PCR assay was carried out on
an ABI PRISM 7000 Sequence Detector (Applied Biosystems,

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; PCR, polymerase chain reaction.

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus,
PCR, polymerase chain reaction; +, positive, -, negative.

a0f the 40 cases, we excluded case 21 in which Acanthamoeba was
detected. Numbers in parentheses are the case numbers listed in Tables 4
and 5.

bReal-time PCR was designed to detect Staphylocacci, Staphylococcus
pneumoniae, Pseudomonas aeruginosa, Candida species, Fusarium species,
and MRSA.

CIn the 2 cases with positive culture results only, the detected pathogens
(Staphylocaccus warneri and Corynebacterium species) were not included in
the 6 target pathogens.

dSix cases had negative results by both methods that were not
distinguishable between bacterial and fungal pathogens.

Foster City, California). The cycling conditions were 10 sec-
onds at 95°C followed by 40 cycles of 10 seconds at 95°C, 10
seconds at 55°C, and 31 seconds at 72°C. The PCR assay was
finished in about 2 hours.

The sensitivities for the 6 target pathogens were analyzed using
the stock cultures from our laboratory. A standard curve of thresh-
old cycle with values obtained using positive controls was con-
structed with an established linear range from 1.0 X 10' to 1.0 X 10°
copies per 25 pL of reaction tube (Table 2). Quantification of
serially diluted DNA sample was performed by ABI PRISM Se-
quence Detector software version 1.0 (Applied Biosystems).

COMPARISON OF RESULTS BY CULTURE
AND REAL-TIME PCR ASSAY

Culture results after 48 hours were compared with the detected
pathogens and DNA copy number obtained by real-time PCR.

- EEEETEm

PATHOGEN DETECTION BY CULTURE
AND REAL-TIME PCR

Of the 40 eyes, Cycleave PCR and culture showed posi-
tive results in 32 eyes (80.0%) and 23 eyes (57.5%), re-
spectively (Tables 3, 4, and 5). Results of both meth-
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Abbreviations: C albicans, Candida albicans; GNR, gram-negative rods; GPC, gram-positive cocci; MRSA, methicillin-resistant Staphylococcus aureus;

P aeruginosa, Pseudomonas aeruginosa; PCR, polymerase chain reaction; S aureus, Staphylacoccus aureus; S pneumoniae, Staphylococcus pneumoniae;

-, negative.

S pneurmoniae, Staphylococcus pneumoniae; -, negative.

ods agreed in 26 eyes (20 eyes with matched pathogens
and 6 eyes with negative results) (Tables 3 and 4) and dis-
agreed in 14 eyes (11 eyes, positive PCR results only; 2
eyes, positive culture results only; and 1 eye, positive re-
sults for different pathogens) (Table 5). In the 2 eyes that
had positive culture results only (cases 22 and 23) (Table 5),
the detected pathogens (Staphylococcus warneri and Co-
rynebacterium species) could not be detected by the real-
time PCR assay because they were not included in the 6
target pathogens designed for the pathogen-specific probes
and primers in this PCR study.

Among the matched pathogens in those 20 eyes, P ae-
ruginosawas the most frequent pathogen (8 eyes; mean [SE],
5.1 [4.0] X 10° copies/sample) and was followed by S pneu-
moniae (5 eyes; mean [SE], 5.6 [5.1] X 10° copies/sample),

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; P aeruginosa, Pseudomanas aeruginosa; PCR, polymerase chain reaction;

Candida species (3 eyes; mean [SE], 8.8 [4.9] X 10° copies/
sample), S aureus (3 eyes; mean [SE], 3.8 [1.3] X 10’ copies/
sample), and methicillin-resistant S aureus (1 eye; 1.0 X 10
copies/sample) (Table 4).

Of the 40 eyes, results of smear examination were posi-
tive in 8 eyes (20.0%) (Tables 4 and 5). This rate was low
as compared with other reports,”*’ because we dipped
the swab into the culture media and applied it on the slide
glass for smear examination.

SENSITIVITIES AND SPECIFICITIES
OF REAL-TIME PCR FOR THE 6 PATHOGENS

By comparing the sensitivity and specificity of real-time
PCR with those of bacterial and fungal culture, the rela-
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tive sensitivities and specificities’ of the real-time PCR as-
say for the 6 target pathogens were determined. A sensi-
tivity of 100% was achieved for 5 pathogens of 6 and the
relative specificities ranged from 89.7% to 100% (Takble 6).

—ERSEEEE

The current results obtained by culture method and real-
time PCR coincided in 26 (65.0%) of the 40 eyes. Of those,
20 eyes had matched pathogens (Table 4) and the other 6
eyes showed negative results (Table 3) by both methods.

Accurate identification of causative organisms is essen-
tial to better management of corneal ulcer. A national sur-
veillance?” of infectious keratitis in Japan reported that 90%
of cases of infectious keratitis are caused by bacteria and
10% are by fungi or Acanthamoeba. Approximately 50% of
the bacterial pathogens are gram-positive cocci, such as the
frequently occurring S aureus, Staphylococcus epidermidis,
and Streptococcus, whereas P aeruginosa is the most preva-
lent pathogen among gram-negative bacilli, including Mo-
raxella species, Acinetobacter species, and several other bac-
teria.”” Furthermore, the US Centers for Disease Control
and Prevention has issued a warning about increasing cases
of Fusarium keratitis.”® Multidrug-resistant pathogens and
fungi have also been increasing because of improper use
of antibiotics and steroids.” Based on the surveillance re-
sult, we designed the real-time PCR assay in this study for
the 6 pathogens that are commonly detected in clinical oph-
thalmology and succeeded in simultaneous detection and
quantification within 2 hours.

In our study, P aeruginosa was the most frequently de-
tected pathogen and S aureus was the second. These results
were a little different from those of other studies.”” We
think this is because almost all our cases were referrals from
other clinics and many cases had been already treated by
some antibiotics when they came to our hospital.

While the pathogen in 1 of the 3 cases with discrepant
findings (cases 21-23) (Table 5) was thought to be Acan-
thamoeba (case 21) (Table 5), the other 2 cases (cases 22-
23) were cured by multidrug therapy and the causative
pathogen could not be verified. Eleven cases had positive
PCR results only (2 fungal and 9 bacterial pathogens)
(Table 5). Although PCR has a high risk of false positiv-
ity,>® we actually treated the patients with positive PCR
results only according to their real-time PCR results and
the treatment outcomes were all satisfactory. This may dem-
onstrate a better detection sensitivity in the PCR assay. Ven-
gayil and colleagues® compared the results of PCR and the
conventional microbiological techniques (gram smear, cul-
ture, and potassium hydroxide wet mount). They con-
cluded that PCR is more efficient and sensitive than the
conventional microbiological techniques in diagnosing fun-
gal keratitis. Our current results of the 2 cases with posi-
tive PCR fungal pathogen results only agreed with their
findings. In cases of patients pretreated with antibiotic
therapy such as quinolone, the conventional culture is more
likely to give false-negative results whereas real-time PCR
may still show positivity. However, the high sensitivity of
real-time PCR could lead to false-positive results. These
can be caused by laboratory contamination from reagents
and intrasample contamination.® In conclusion, not only

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus;
PCR, polymerase chain reaction.

culture results but also clinical symptoms, PCR findings,
and conventional smear results should all be carefully con-
sidered to accurately determine the causative pathogen.
Real-time PCR can be a fast diagnostic tool and may be
useful as an adjunct to identify potential pathogens.®

Real-time PCR obtained high sensitivities (except Fu-
sarium species) and specificities (89.7%-100%) for the 6
target pathogens against the gold standard culture tech-
nique (Table 6). A previous PCR study using a struc-
tured probe reported a sensitivity of 96.2% and a speci-
ficity of 93.2% for S pneumoniae,” and our results for
S pneumoniae (100% and 89.7%) (Table 6) were compa-
rable with the previous results. Kim and colleagues’ re-
ported that PCR is more sensitive to fungal than to bac-
terial pathogens. Because we had a small number of fungal
cases in this study, a future study with a large number
of bacterial and fungal cases can better validate the fea-
sibility of the real-time PCR assay.

In conclusion, though the numbers included in this
study were limited, particularly with fungal ulcers, we
have demonstrated that real-time PCR can accurately and
simultaneously detect bacterial and fungal pathogens in
a speedy fashion. We targeted 6 pathogens this time. If
the testing durations for the selected target pathogens are
about the same, we suspect that theoretically it might be
possible to simultaneously detect many bacterial and fun-
gal pathogens in a single run. In the future, applications
of the real-time PCR assay to more pathogens are of in-
terest. We have already accomplished real-time PCR sys-
tem for Acanthamoeba and Aspergillus species. With real-
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time PCR, it may be possible to develop a diagnostic kit
for pathogen-specific detection in the busy ophthalmic
clinical practice.
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Oscillatory Potentials with Repeated-Flash
Electroretinography
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Abstract

Purpose: To study the influence of retinal adaptation on oscillatory potential (OP) using repeated-flash
electroretinography.

Methods: Subjects were 28 adult eyes with normal retinas. Four stimuli (four flashes) of white light from
a light-emitting diode built into a contact lens that also served as the recording electrode were presented
at 5-s intervals after 30 min of dark adaptation (DA) and then after 10 min of light adaptation (LA).
Recordings were made without background light.

Results: Four OPs (01, 02, 03, and 04) were recordable. After DA, amplitudes of O1 and O4 decreased
with subsequent flashes, whereas those of O2 increased after the second flash. After LA, amplitudes of
03 and O4 were smaller than after DA.

Conclusions: Amplitude and implicit time of OPs were influenced by retinal adaptation. Among all OPs,
02 showed unique characteristics in course of retinal adaptation. Jpn J Ophthalmol 2010;54:32-35
© Japanese Ophthalmological Society 2010
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Introduction

Repeated-flash (double-flash) electroretinography (ERG)
has been used to study retinal function in normal subjects'”
and in patients with various retinal diseases."""> Most of
repeated-flash ERG investigations have analyzed a and b
waves, although some'” have observed the behavior of
oscillatory potentials (OPs), which appear on the ascending
portion of the b wave as a series of small wavelets.

Amplitude and implicit time of OPs are influenced by
retinal adaptation.'®™ The aim of this paper is to examine
the ways in which retinal adaptation influences the behavior
of OPs using repeated-flash stimuli.
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Subjects and Methods

Subjects for this study were 28 eyes of 28 individuals (median
age, 40 years; range, 19-62 years) with no retinal discase.
The research followed the tenets of the Declaration of Hel-
sinki. All subjects gave written informed consent to partici-
pate in the study.

Repeated-flash electroretinograms were recorded after
both dark and light adaptation, and consecutive changes of
OPs were observed using repeated-flash stimuli under both
dark and light adaptation.

Electroretinograms were recorded by using a contact
lens with a built-in light-emitting diode (LED) that served
both as the stimulus light source (connected to a constant-
current source) and as the active recording electrode
(LED electrode) (WLS-20, Tomey, Nagoya, Japan). A
four-channel amplifier (MEB-5504, Nihonkohden, Tokyo,
Japan) was used to record ERG responses and OPs
separately.

All ERG examinations were performed in a wire-net
shielded room. The pupils were dilated to more than 8 mm
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in diameter with 0.5% tropicamide and 0.5% phenylephrine
hydrochloride. After a 30-min period of dark adaptation,
the LED electrode was placed on the cornea. A reference
electrode was placed at the center of the forehead, and a
ground electrode was placed on an earlobe.

Dark-adapted flash electroretinograms were recorded in
response to four flashes (first flash, second flash, etc.) with
an interval of 5s between flashes. Each flash had a lumi-
nance of 6000 cd/m? and a duration of 5ms (30 cd-s/m’).
The recorded responses were band-pass filtered from 0.1 to
1000 Hz for a and b waves, and from 100 to 1000 Hz for OPs
alone. The notch filter was excluded from the amplifier
circuit.

After dark-adaptation recording, the retina was light-
adapted by exposure for 10 min to background light of
80 cd/m?. The background light was extinguished, and flash
ERGs and OPs were recorded again in the same manner as
after dark adaptation, and the responses were filtered using
the same filter settings.

Results

Results are shown in Figs. 1 to 7. After dark adaptation, the
mean amplitudes of the first (O1) and fourth (O4) OP grad-
ually decreased from the first flash to the fourth flash,
whereas the amplitude of the second OP (O2) increased in
response to the second flash and then decreased somewhat
in response to the third and fourth flashes (Figs. 1-4). The
amplitude of the third OP (O3) varied among subjects. In
ten subjects, the amplitude of O3 was greater (by more than
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Figure 1. Repeated-flash electroretinograms (ERGs, left column) and
oscillatory potentials (OPs) alone (right column) recorded in a normal
subject after 30 min of dark adaptation (Dark adapted) and after
10 min of light adaptation (Light adapted). OI, 02, O3, and O4 indi-
cate the first, second, third, and fourth OP. After dark adaptation, O2
increased in amplitude and decreased in peak time in response to each
successive (second, third, and fourth) flash.

33

1.5 times) in response to the second flash than that in
response to the first flash after dark adaptation (Fig. 2),
whereas in five subjects the amplitude of O3 decreased with
each subsequent flash (Fig. 3). ,
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Figure 2. Repeated-flash ERGs (left column) and OPs alone (right
column) in a normal subject after 30 min of dark adaptation. In this
subject, the amplitude of O3 increased with each repetition of the flash
(arrow).
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Figure 3. Repeated-flash ERGs (left column) and OPs alone (right
column) in a normal subject after 30 min of dark adaptation. In this
subject, O3 decreased in amplitude with each repetition of the flash
(arrow).
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Figure 4. Mean amplitudes of O1, 02, O3, and 04 recorded in 28
normal subjects in response to repeated-flash stimuli (Ist flash, etc.)
after a 30-min period of dark adaptation. On repetition of the flash
stimulus, the amplitudes of O1 and O4 decreased significantly (P =
0.0175 and 0.00525 for O1; P = 0.0424, 0.0026, and 0.00002 for O4), but
the amplitude of O2 increased significantly (£ = 0.00565, 0.0202, and
0.0377). *P < 0.05; **P < 0.01 versus 1st-flash ERG.



