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HALOGENATED XANTHENE-CONTAINING
TOPICAL ANTI-GRAM-POSITIVE
BACTERIAL OPHTHALMIC COMPOSTION AND METHOD

Description

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to US
application Serial No. 63/294252, filed on December
28, 2021, whose disclosures are incorporated herein

by reference.

BACKGROUND ART

Corneal disease is a leading cause of
monocular blindness worldwide, especially affecting
marginalized populations. Corneal opacities, which
are largely caused by infectious keratitis, are the
fourth leading cause of blindness globally and are
responsible for 10% of avoidable visual impairment
in the world’s least resourced countries. About two
million people develop a corneal ulcer every year 1in
India alone. In the United States, infectious
keratitis is often associated with contact lens
wear, but in under-resourced countries it is more
commonly caused by ocular trauma sustained during
agricultural work. [Austin et al., Ophthalmology
124(11):1678-1689 (2017).]

A corneal ulcer, keratitis, 1s an open
sore on the cornea and is a common human eye
condition. It can be caused by trauma, particularly
with vegetable matter, as well as chemical injury,
contact lenses and infections. Other eye conditions

can cause corneal ulcers, such as entropion,
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distichiasis, corneal dystrophy, and
keratoconjunctivitis sicca (dry eye).

Many micro-organisms cause infective
corneal ulcer. Among them are bacteria, fungi,
viruses, protozoa, and chlamydia.

Bacterial keratitis can be caused by a
number of bacteria, including Staphylococcus aureus,
Streptococcus viridans, Escherichia coli,
Enterococci, Pseudomonas, Nocardia, N. gonorrhoea
and many other bacteria. The increasing emergence
of multidrug-resistant (MDR) Gram-positive bacteria
is a major public health threat [Bassetti et al.,
Annal. Clinic. Microbiol. Antimicrob. 12:1-15
(2013); Butler et al., J. Antibiot. 66:571-591
(2013); and Woodford et al., J. Infect. 59:54-1¢6
(2009)]1. Particularly, MDR strains of
Staphylococcus, Enterococcus, and Streptococcus spp.
have a significant impact on morbidity and mortality
[Dupont et al., J. Antimicrob. Chemother. 66:2379-
2385 (2011)7.

Fungal keratitis causes deep and severe
corneal ulceration. It is typically caused by
Aspergillus sp., Fusarium sp., Candida sp., as also
Rhizopus, Mucor, and other fungi. The typical
feature of fungal keratitis is slow onset and
gradual progression, where signs are much more than
the symptoms. Small satellite lesions around the
ulcer are a common feature of fungal keratitis and a
condition involving inflammatory cells in the
anterior chamber of the eye (hypopyon) is observed.

Viral keratitis causes corneal ulceration.
It is caused most commonly by herpes simplex, herpes
zoster, and adenoviruses. It can also be caused by

coronaviruses and many other viruses.
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Herpes virus causes a dendritic ulcer,
which can recur and relapse over the lifetime of an
individual. Herpes simplex virus (HSV) keratitis
affects an estimated 500,000 people in the United
States and an estimated 1.5 million globally. It is
the most common cause of unilateral infectious
corneal blindness in much of the developed world.
[Austin et al., Ophthalmology 124(11):1678-1689
(2017) .1

Viral keratitis differs from bacterial and
fungal keratitis in that it can become chronic and
recurrent. Besides being a painful, sight-
threatening infection, HSV keratitis has been shown
to significantly impact quality of life even when
patients are not experiencing an active infection.
Less common forms of viral keratitis include
varicella-zoster virus (VZV) keratitis, and
cytomegalovirus (CMV) keratitis. [Austin et al.,
Ophthalmology 124(11):1678-1689 (2017).]

Protozoa infection such as Acanthamoeba
keratitis is characterized by severe pain and is
associated with contact lens users swimming in
pools.

Superficial ulcers involve a loss of part
of the epithelium. Deep ulcers extend into or
through the stroma and can result in severe scarring
and corneal perforation. Descemetoceles occur when
the ulcer extends through the stroma. This type of
ulcer is especially dangerous and can rapidly result
in corneal perforation, 1f not treated in time.

The location of the ulcer depends somewhat
on the cause. Central ulcers are typically caused
by trauma, dry eye, or exposure from facial nerve

paralysis or exophthalmos. Entropion, severe dry
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eye, and trichiasis (inturning of eyelashes) may
cause ulceration of the peripheral cornea. Immune-
mediated eye disease can cause ulcers at the border
of the cornea and sclera. These include Rheumatoid
arthritis, rosacea, and systemic sclerosis, which
lead to a special type of corneal ulcer called
Mooren's ulcer. Mooren's ulcer has a
circumferential crater like depression of the
cornea, Jjust inside the limbus, usually with an
overhanging edge.

Proper diagnosis is essential for optimal
treatment. The cause of the ulcer is to be decided;
whether infective or non-infective.

Bacterial corneal ulcer normally requires
intensive fortified antibiotic therapy to treat the
infection. Fungal corneal ulcers require intensive
application of topical anti-fungal agents. Viral
corneal ulceration caused by herpes virus may
respond to anti-viral agents like topical acyclovir
ointment instilled at least five times a day.
Alongside, supportive therapy like pain medications
are typically administered, including topical
cycloplegics like atropine or homatropine to dilate
the pupil and thereby stop spasms of the ciliary
muscle.

Superficial ulcers may heal in less than a
week. Deep ulcers and descemetoceles may require
conjunctival grafts or conjunctival flaps, soft
contact lenses, or corneal transplant. Proper
nutrition, including protein intake and vitamin C
are usually advised. In cases of keratomalacia,
where the corneal ulceration is due to a deficiency
of vitamin A, supplementation of the vitamin A by

oral or intramuscular route is given. Drugs that
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are usually contraindicated in corneal ulcer are
topical corticosteroids [Alhassan et al., Cochrane
Database Syst Rev. 1 (1):CD006131 (2014)] and
anesthetics—these should not be used on any type of
corneal ulcer because they prevent healing, may lead
to superinfection with fungi and other bacteria, and
will often make the condition much worse.

‘Red eye’, ‘conjunctivitis’ and ‘corneal
ulcer/keratitis’ were among the problems commonly
referred to. Conjunctivitis is a common condition
that causes dilation of the conjunctival blood
vessels and results in inflammation. Both viral and
bacterial conjunctivitis present with a red eye and
are highly contagious. Assessment should include
checking visual acuity and examination with a torch
or slit lamp. Fluorescein drops should be instilled
in the conjunctival sac and the eye viewed with the
cobalt blue light of the slit lamp or funduscope, to
rule out any signs of corneal ulceration or
infection.

Viral conjunctivitis is the most common
cause of infectious conjunctivitis. This infection
is more common in adults than in children. Most
cases are caused by adenovirus. Occasionally,
herpes simplex or zoster virus is responsible.
Patients can generally be advised that wviral
conjunctivitis is self-limiting, as there are no
specific treatments.

Bacterial conjunctivitis, although a less
frequent cause of conjunctivitis, is more common in
children. The most common bacteria are Haemophilus
influenza, Streptococcus pneumoniae, and
Staphylococcus aureus. The use of antibiotic eye

drops is associated with improved rates of clinical

—-5-



WO 2023/129542

and microbiological remission. A broad-spectrum
topical antibiotic is often recommended.
Infection of the cornea (microbial

keratitis) is an ophthalmic emergency requiring

staphyleococci, 8. pneumoniae and FPseudomonas
aeruginosa [Teweldmedhin et al., BMC Ophthalmol

17:212 (20173 1. P, aerugincsa is the most common
microorganism implicated in kbacterial keratitis
among contact lens wearers.

Although bacterial ulcers are usually
responsive to treatment with available topical

antibiotic drops as discussed below, an increase in

PCT/US2022/054076

the rates of antibiotic resistant infections such as

methicillin resistant Staphylococcus aureus (MRSA)
in North America has caused concern. The United
States Center for Disease Control (CDC) estimates
that 2 million people are infected with drug

resistant microbes each year. Approximately 80% of

ocular isolates of MRSA in the US have been reported

to be resistant to the most commonly prescribed
antibiotic class, the fluorogquinolones. [Austin et
al., Ophthalmology 124(11):1678-1689 (2017).]
Topical antibiotics are the current
mainstay of treatment and options include

monotherapy with fluoroquinolones (ciprofloxacin
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0.3% or ofloxacin 0.3% 1-2 drops hourly for 48
hours, then every 4 hours until healed) or fortified
aminoglycoside/cephalosporin combinations (fortified
cefalotin 5% plus gentamicin 0.9% 1-2 drops hourly
for 48 hours, then reduce frequency according to
treatment response). These regimens have similar
effectiveness, but fluoroquinolones reduce the risk
of chemical conjunctivitis and ocular discomfort.
Compared to ofloxacin, ciprofloxacin increases the
risk of white corneal precipitates. Occasionally,
corneal grafting may be needed to eradicate the
organism or repair damage. Although apparently
effective, hourly treatment with eye drops is a
difficult regimen to follow for many patients.
Chloramphenicol is the most common first-
line antibiotic prescribed for red eye. Several
commercial products are available, both as eye drops
and as an ophthalmic ointment. Illustratively, an
ophthalmic solution containing chloramphenicol at
0.25% and 0.5% and an ophthalmic ointment containing

chloramphenicol at 1% are available under the trade

name PrPENTAMYCETIN® from Sandoz Canada Inc.

The dosage and administration instructions
for the ophthalmic solution state only “2 drops of
the ophthalmic solution to the affected eye(s) every
3 hours or more often if necessary”. The dosage and
administration instructions for the ophthalmic
ointment state: “A small amount of ointment to the
affected eye(s) every 3 hours or more often if
necessary.” Again, frequently-repeated
administration is required. [Prescribing
Information, PXPENTAMYCETIN®, PrpENTAMYCETIN/HC®

Sandoz Canada Inc., Date of Revision: June 14,

2918.]
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Naturally occurring and synthetic dyes
have been applied as antibacterial or antiprotozoal
agents [Zheng et al., BMC Microbiol 20 (2020]. For
example, methylene blue and clofazimine are still
considered to be important orphan drugs [Ginimuge et
al., J. Anaesthesiol. Clin. Pharmacol. 26:517-520
(2010); and Ammerman et al., J. Antimicrob.
Chemother. 72:455-461 (2017)].

Rose bengal (RB) is a bright rose-red
xanthene derivative compound that was first
synthesized in the 19th century as a wool dye and
subsequently used as a food dye in Japan (food red
no. 105) [Mizutani et al., J. Environ. Public
Health. 2009, 953952]. More particularly, RB is a
derivative of the xanthene compound fluorescein.
Compared to fluorescein, RB has two types of
additional halogens: four chloride and four iodide
substituents.

The use of RB for the wvisual diagnosis of
human ocular surface damage (via ocular
instillation) was first described in 1914 [Feenstra
et al., Ophthalmology 99:606-617 (1992)]. RB was
later introduced as an intravenously-administered,
relatively rapid, diagnostic aid to evaluate the
functional capacity of a human liver after a single
100 mg dose [Wachter et ala., Lasers Surg Med.
32:101-110 (2003)]. 1In 1971, 1311 RB (Robengatope®,
rose bengal sodium 13! injection USP) was approved
by the U.S. Food and Drug Administration (FDA) for
use as a diagnostic aid in determining liver
function [Baroyan et al., Eksperimental 'naya
Meditsina (Riga) 20:74-78 (1985); and Mincev et al.,
Folia Medica (Plovdiv) 16:35-41 (1974)].
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In 2008, Robengatope’s manufacturer Bracco
Diagnostics Inc. formally withdrew the RB diagnostic
product from the U.S. market because of the
emergence of newer methods of liver imaging, such as
computed tomography. 1In 1974, Barnes-Hind
Pharmaceuticals Inc. (Barnes-Hind) introduced a
medical device product of 1% RB in an agqueous
solution for the disclosure of corneal injury, the
diagnosis of keratitis, keratoconjunctivitis, and
sicca, and the detection of foreign bodies in the
eye [Gilger et al., Vet. Ophthalmol. 16:192-197
(2013) 7. In 1981, Barnes-Hind introduced ophthalmic
strips of the same concentration for the same
indications. Although both diagnostic products were
accepted by the U.S. Food and Drug Administration
(FDA) for marketing, neither the solution and strip
devices nor their respective claims were approved
because their introductions predated formal FDA
review and approval.

Commercial-grade RB, with marketed dye
contents that can vary between 80% and 95% RRE,
including gross contaminants and substance-related
impurities, 1s manufactured using an historical
process developed by Gnehm in the 1880s. It is
thought that RB used in diagnostic applications is a
commercial-grade RB that contains some impurities
[Paczkowskil et al., Free Radic. Biol. Med. 1:341-351
(1985)]1. The United States Pharmacopeia (USP)
previously listed RB as an analytical standard. RB
was removed from the USP in 2019. Thus, commercial-
grade RB lacks relevance in the context from modern
diagnostic and therapeutic settings. Therefore, it

poses significant regulatory challenges to validate
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RB for application to the treatment of human
diseases.

U.S. Patents No. 8,530,675, No. 9,273,022
and No. 9,422,260 to Singer et al. describe and
claim the synthesis of highly purified rose bengal,
as well as similarly purified similar compounds
containing different halogen substituents and
different numbers of those halogen substituents, as
well as their lactone forms. Those compounds are
collectively referred to herein as “halogenated
xanthenes”.

Rose bengal (RB) dye (4,5,6,7-tetrachloro-
2',4',5",7"'-tetraiodofluorescein) has been
clinically investigated for the treatment of
melanoma and the other solid cancers [Maker et al.,
J. Clin. Cell. Immunol. 6:343-349 (2015; Liu et al.,
Oncotarget. 7:37893-37905 (2016); Patel et al., J.
Clin. Oncol. 38:3143 (2020); Kim et al., J. Control.
Release. 156:315-322 (2011); and Qin et al., Cell
Death Dis. 8:e2584 (2017)]. Photodynamic
antibacterial properties of RB have been
sporadically reported [Pérez-Laguna et al.,
Photodiagnosis Photodyn. Ther. 21:211-216 (2018);
Uekubo et al., Laser Ther. 25:299-308 (2016); Anju
et al., Photodiagnosis Photodyn. Ther. 24:300-310
(2018); Gavara et al., Front. Med. 8:494 (2021);
Joanna et al., Front. Microbiol. 9:1949 (2018);
Hirose et al., Arch. Oral Biol. 122:105024 (2021);
Dai et al., Photodiag. Photodyn. Ther. 6:170-188
(2009); Ghorbani et al., Laser Ther. 27:293-302
(2018); Kim et al., J. Food Sci. 73:C540-545 (2008);
Manoi et al., J. Photochem. Photobiol. B. 162:258-
265 (2016); Nakonieczna et al., Front. Microbiol.
9:1949 (2018); Sabbhi et al., Appl. Water Sci. 8:56
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(2018); Santos et al., Antibiotics 8:211 (2019): and
Worzella et al., In Cancer Cell Culture; Humana
Press: Totowa, NJ, USA, 285-291. (2011)].

For example, Dees et al. U.S. Patent No.
8,974,363 teaches use of a topical formulation of RB
at 10-100 uM (i.e., 10 pg/mL to 100 pg/mL) in
conjunction with green light irradiation in the 500-
600 nm wavelength band against Gram-positive and
Gram-negative antibiotic-resistant bacteria without
specifics as to the light source, its intensity or
duration of irradiation.

Naranjo et al., Am J Ophthalmol 208:387-
396 (2019), reported the use of rose bengal
photodynamic antimicrobial therapy (RB-PDAT) on the
eyes of 18 patients with progressive infectious
keratitis that were unresponsive to standard
therapy. Compositions containing 0.1 or 0.2 % rose
bengal (RB) were applied to de-epithelized corneas

for 30 minutes followed by irradiation with 5.4

J/cm? of green light from a LED source for 15
minutes. Acanthamoeba (an amoeba) was the most
frequently found microbe (10/17; 59%), followed by
Fusarium spp. (a fungus; 4/17; 24%), Pseudomonas
aeruginosa (a Gram-negative bacterium; 2/17; 12%)
and Curvularia spp. (a fungus; 1/17; 6%) and one
patient had no confirmed microbiologic diagnosis.
Successful RB-PDAT (avoidance of therapeutic
keratoplasty) was reported achieved in 72% of the
cases, with an average time to clinical resolution
(decreased pain and inflammation with
reepithelization and infiltrate resolution) of 46.9
+ 26.4 days after RB-PDAT.

Amescua et al., Cornea 36(9):1141-1144
(2017), teach that rose bengal (RB) at about 0.1

oo
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that was photoactivated using 15 minutes of
irradiation at 375 nm or 518 nm could inhibit the
fungal growth of multidrug-resistant Fusarium
keratoplasticum in vitro. Following multiple
successive anti-fungal medication treatments, a
study was conducted using an above concentration of
RB dripped onto a Fusarium keratoplasticum-infected,
debrided cornea epithelium of a human patient for 30

minutes followed by irradiation using light at 518

nm to provide a total energy of 0.9 J/cm?.
Resolution of pain was noted 36 hours post
irradiation, and the corneal infiltrate shrank over
the next two weeks. Four days after treatment, the
infiltrate was approximately 1 mm smaller in all
directions.

At post irradiation treatment day 13, the

infiltrate was almost resolved, and a second session

of rose bengal RB-irradiation treatment (1.8 J/cm?)
was performed. After topical corticosteroid
treatment, by day 246 after the first RB treatment,
the patient demonstrated a healthy and gquiet ocular
surface of the treated eye and a clear cornea. A
follow-up study of the treated patient’s eye is
reported in Martinez et al., Cornea 37(10) :e46-e48
(2018) .

Halili et al., Am J Ophthalimol 166:194-202
(2016), reported in vitro studies of patient-
isolated methicillin-resistant Staphylococcus aureus
(MRSA) on agar using RB dissolved in high-purity
water at 0.1 and 0.03% in the dark, under ambient

room light for 30 minutes and under LED green light

irradiation for 34 minutes to provide 5.4 J/ cm? .
Samples were thereafter grown in a light-protected

box for 72 hours in an incubator. Complete growth

_12_



WO 2023/129542 PCT/US2022/054076

inhibition of both MRSA strains was demonstrated (1)
for both rose bengal concentrations under ambient
and green LED irradiation, and (2) for the 0.1% rose
bengal in the dark. The 0.03% rose bengal in dark
conditions showed complete inhibition of strain 2
but incomplete inhibition of strain 1.

Arboleda et al., Am J Ophthalmol
158(1):64-70 (2014), reported, inter alia, on the in

vitro growth inhibition of fungal keratitis patient

isolates using RB in irradiation (518 nm; 5.4 J/cm2)
and dark conditions followed by three days of
incubation. 1Isolates of Fusarium solani,
Aspergillus fumigatus and Candida albicans were
studied. Data from that study are summarized in the

table below.

Day 3 Growth Inhibition Percentage
Organism RB + 518 nm | RB Only Only 518 nm | Fungus only
Irradiation Irradiation
F. solani 78.212.1 7.311.1 6.819.3 9.8£4.7
A. fumigattus | 79.849 6.610. 0.61£0.2 0
C. albicans 95.6%£3 42.2+3.7 | 35.616.7 24.212.6

As disclosed hereinafter, the present
invention provides a gentle and more easily-used
treatment as is needed. In addition, the treatment
contemplates use in the substantial absence of iight

NEatiTeyae g an Tddaentiftiania oy mosgitirania ohanoa
R S e N T = R [N LAt olo Ll s i i

intevacts with matter (actinic light), as

when the treated subject is asleep with her/his eyes

closed.

BRIEF SUMMARY OF THE INVENTION

In one aspect, the present invention

contemplates an ophthalmic system of an actinic

_13_



WO 2023/129542 PCT/US2022/054076

light-opaque vessel that contains a topical
ophthalmic composition of a halogenated xanthene
(fluorescein) such as rose bengal or a
pharmaceutically acceptable salt or ester thereof
dissolved or dispersed in an agqueous ophthalmic

carrier and present in a bacterial keratitis-
treating effective concentration of about 0.2 ug/mL

to about 50 pg/mL (or about 0.00002 to about 0.005
wt. %) in the composition. In preferred practice,
the composition has a pH value of about 6.5 to about
7.6 and preferably about 7.0 to about 7.4, the pH
value of normal tears. A contemplated composition
preferably further includes thickening agent and an
electrolyte. More preferably, hyaluronic acid is
also present.

In another aspect of the invention, a
mammalian subject in need i1s treated with an above
topical ophthalmic composition by placing a
keratitis-treating effective amount of that
composition, such as one or two drops per eye, onto
the corneal surface of the subject’s microbially-
infected eye in the substantial absence of actinic
light, and the so-treated subject is thereafter
maintained in the absence of actinic light for a
period of about 3 to about 12 hours. The treatment
is typically administered Jjust prior to the
mammalian subject retiring to sleep. This treatment
regimen is typically repeated a plurality of times
until the microbial infection has been overcome.

As used herein, the phrase “actinic light”
denoctes light that can cause a photochemical
reaction of one or more of the ingredients of
topical ophthalmic composition. In zccordance with

this definition, the actinic light is of a

_14_
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wavelength that is absorbed by a recipient molecule
of the composition and there is a sufficient flux of

photons of the absorbed wavelength to cause a

detectable chemical reaction induced in or by the
absorbing recipient halogenated fluoresceln

molecule. Illustrative chemical reactions include
decomposition, and photosensitization.

The term “substantial absence of actinic
light” is used herein to mean that, after
application to the infected eye, the composition is
subjected to ambient light for a time period of
about two minutes or less. Thus, after application,
the eye 1id is closed, a light-blocking patch is
placed over the treated eye, ambient light is shut
off, or the like. Similarly, there is an
insufficient flux of photons of an absorbed
wavelength to cause a2 detectable chemical reaction
induced in or by the absorbing recipient halogenated

The microbial source of infection can
bacterial, wviral, fungal or amoebic. Preferably,
the source of infection is bacterial, and an
infecting bacterium is preferably a Gram-positive

bacterium.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention, in one aspect,
contemplates an ophthalmic system of a vessel opague
to actinic light that contains a topical ophthalmic
composition of a halogenated xanthene (fluorescein)
such as rose bengal or a pharmaceutically acceptable
salt or ester thereof dissolved or dispersed in an
aqueous ophthalmic carrier and present in a

keratitis-treating effective concentration of about

_15_
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0.2 pug/mL to about 50 ug/mL (or about 0.00002 to
about 0.005 wt. %) in the topical ophthalmic
composition. Preferably, the concentration of

halogenated fluorescein (xanthene) is about 0.5

ug/mL to about 20 ug/mL. In preferred practice, the
composition has a pH value of about 6.5 to about
7.6, and more preferably about 7.0 to about 7.4, the
pH value of normal tears. A contemplated
composition preferably further includes a thickening
agent and an electrolyte.

It is noted that a contemplated
composition contains about one-tenth to about one
thousandth the concentration of halogenated xanthene
compared to that of the rose bengal used in the
before-discussed Naranjo et al., Amescua et al.,
Martinez et al., Halili et al., and Arboleda et al.
papers.

More preferably, hyaluronic acid, a
polymer of disaccharides composed of D-glucuronic
acid and N-acetyl-D-glucosamine, linked via
alternating B-(1-4) and B-(1-3) glycosidic bonds is
also present. Hyaluronic acid provides some
thickening, buffering and tonicity to the
composition, and helps maintain water of the applied
composition in contact with the surface of the eye.

In another aspect of the invention, a
mammalian subject in need i1s treated with an above
topical ophthalmic composition by placing a
keratitis-treating effective amount of that
composition, such as one or two drops per eye, onto
the surface of the subject’s microbially-infected
eye in the absence of additionally-provided actinic
light, and the so-treated subject is thereafter

maintained in the absence of actinic light for a
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period of about 3 to about 12 hours. The treatment
is typically administered just prior to the
mammalian subject retiring to sleep. The use of an
actinic light-opaque eye patch to cover the treated
eye following administration can also be followed
when the treated subject is or is expected to be in
the presence of actinic light after administration.
This treatment regimen is typically repeated a
plurality of times until the microbial infection has

been overcome.

Topical Ophthalmic Pharmaceutical Composition

Aqueous Ophthalmic Carrier

A contemplated composition is primarily
(by weight) an aqueous ophthalmic carrier in which
other ingredients are dissolved or dispersed. The
principal component of the composition is sterile
water, such as sterile water for injection USP.

A contemplated composition has at least
one builder or thickener present at a level
sufficient to provide a viscosity of about 10 to
about 300 cps, and preferably about 30 to about to
120 cps, and more preferably about 50 to about 80
cps. Typical thickeners are polymers although
solvents such as glycerin and propylene glycol can
also provide some thickening action to the
composition.

Glycerin and propylene glycol alone or
together can comprise zero to about 2.5 percent by
welght of the composition. More preferably one or
both together is present at about 0.4 to about 2
percent by weight. Each of glycerin and propylene

glycol is miscible with water.
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A contemplated topical ophthalmic
composition contains one or more dissolved solutes
sufficient to provide the composition with an
osmolality (Osm) of the medicament composition of
about 270 mOsm/kg to about 340 mOsm/kg osmolality is
provided, and preferably about 300 mOsm/kg to 325
mOsm/kg, which is about the range of osmolalities
exhibited by human tears.

At least some of that osmolality can be
obtained by the presence of water-soluble sodium,
potassium, calcium and magnesium chlorides,
phosphates, and nitrates. Sodium, such as in the
form of sodium chloride, is a preferred embodiment
as the electrolyte due to its inherent physiologic
compatibility. It is preferable that such an
electrolyte be present in the composition at a
concentration of about 0.1 to about 2 percent, and
more preferably at a concentration of about 0.5 to
about 1.5 percent, more preferably at a
concentration of about 0.8 about 1.2 percent, and
most preferably at a concentration of approximately
0.9 percent. The osmolality of aqueous 0.9 N sodium
chloride is 308 mOsmol/liter.

When the subject in need of treatment
presents with swelling of the cornea, a hypertonic
composition containing about 2 percent to about 5
percent sodium chloride can be utilized to lessen
the corneal swelling while treating the infection.
The osmolality of eye-treating compositions
containing 2 and 5 percents sodium chloride were
calculated to be 684 and 1711 mOsm, respectively.
[Yorek et al., Invest Ophthalmol Vis Sci. 57:2412-
2419 (2016)]. Those illustrative products are sold
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under the trademark Muro 128® by Bausch & Lomb
(Bridgewater, New Jersey).

A low molecular weight poly(ethylene
glycol) (PEG) such as PEG 400 or PEG 1000 can
provide lubrication and some relief from dry eye
symptoms to a composition. These polymers also add
a relatively small amount of osmolality due to their
lack of ionic charge. Depending upon the other
solutes present in a contemplated composition, a low
molecular weight PEG can be absent or present at
about 1 to about 10 mg/mL.

Dextran, a complex branched, non-ionically
charged poly-oa-d-glucoside of microbial origin
having glycosidic bonds that are predominantly
C-1-C-6, with branches from o-1,3 linkages. Dextran
chains are of varying lengths (from about 3 to about
2000 kilodaltons). Two commonly used dextrans are
referred to as dextran 40 and dextran 70 in view of
their molecular weights of about 40,000 and 70,000
kDa, respectively.

Dextrin is a water-soluble, straight chain
polyglucose tethered by o-1,4 or o-1,6 linkages.
Dextrins are mixtures produced by the hydrolysis of
starch and glycogen and are free of ionic charge.
The characteristic branching distinguishes a dextran
from a dextrin, which is a straight chain glucose
polymer tethered by o-1,4 or o-1,6 linkages.

Like the PEGs, being uncharged, dextrans
and dextrins present in a contemplated composition
do not tend to greatly change the composition’s
osmolality. Dextrans can provide some lubrication
to the eye and can be absent of present at about 0.5

to about 2 mg/mL.
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Poly(vinylpyrrolidone) that is often sold
commercially as povidone is another non-ionically
charged polymer that, like the dextrans, has found
use as a blood extender for intravenous use, in
ophthalmic medicaments, and does not appreciably
alter a contemplated composition’s osmolality when
present. Povidone when present is present at about
1 to about 2 mg/mL, and more preferably at about 7
to about 15 mg/mL.

A still further useful non-ionic polymer
is hydroxypropyl methylcellulose (HPMC) also sold
commercially as hypromellose. U. S. Patent No.
5,679,713 teaches the use of a dry eye-treating
active agent cholinergic compound along with
hypromellose, methyl cellulose, poly(vinyl alcohol),
or hyaluronic acid could be used in a pharmaceutical
composition. The above patent’s results-free
example utilized methyl cellulose at 0.5-1 percent
by weight and poly(vinyl alcohol) at 1.4 percent by
welght.

Another water-soluble non-ionic polymeric
thickener is hydroxyethyl cellulose (HEC). This
material is available in several molecular weights
that provide different amounts of thickening per wt
% present. One source of HEC sold under the name
Natrosol™ 250 is Ashland Specialty Chemicals of
Covington, KY.

The commercially available dry eye
medication sold under the tradename Refresh® Tears®

and Refresh® Relieva™ both contain anionic
carboxymethyl-cellulose sodium at 0.5 percent as an
active ingredient, with the Refresh® Relieva™
product also containing glycerin as an active

ingredient at 0.9 percent. The active ingredients
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are present along with a number of inactive
ingredients dissolved in purified water. These
products are sold by Allergan, Inc. an AbbVie
company (North Chicago, IL).

Hyaluronic acid (HA) is an anionic, non-
sulfated glycosaminoglycan distributed widely
throughout connective, epithelial, and neural
tissues. It is polymer of repeating units composed
of D-glucuronic acid and N-acetyl-D-glucosamine,
linked via alternating B-(1-4) and B-(1-3)
glycosidic bonds. It is unique among
glycosaminoglycans as it is non-sulfated and can
have molecular weight of several million Daltons.
Because it is anionic and typically contains several
carboxyl groups per molecule, HA can have a
relatively large effect on the osmolality of a
contemplated composition.

Another anionic thickening polymer is
partially neutralized water-dispersible
carboxymethyl cellulose. This material is available
from many suppliers in differing molecular weights
to provide different viscosities per given weight
percentage in water.

The phrase “partially neutralized” is used
in conjunction with carboxyl group-containing
polymers whose carboxyl functionalities are reacted
with a base to form anionically charged carboxylate
groups and aid in providing the polymer with water-
solubility or dispersibility.

Additional anionic thickening agents can
also be used such as the partially neutralized
cross—-linked acrylic acid, methacrylic acid and co-
polymers such as the water-soluble cross-1linked

acrylate polymers of one or more of U.3. Patents No.
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3,074,852, No. 3,330,729 and No. 4,226,848 and

exemplified by the material sold under the trademark

CARBOLOL® 934P NF or 974P NF by Lubrizol Corp.,
Wickliffe, Ohio. These materials are acrylic acid
homopolymers cross-linked with a polyalkenyl
polyether such as allyl sucrose or allyl
pentaerythritol, with each cross-linker containing
an average of at least three allyl groups per
molecule. Both polymers are reportedly water-
soluble and provide viscosities at a pH value of 7.5
when present at 0.5 weight percent. The 934P NF is
polymerized in benzene, whereas the 974P NF is
polymerized in ethyl acetate as solvents.

Another useful class of thickener is a
water-swellable but water-insoluble cross-linked
acrylic polymer that is described in U.S. Patents
No. 3,202,577 and No. 4,615,697 and is often
referred to in the literature as polycarbophil and
as a biocadhesive. These polymers can be defined as
a reaction product of the copolymerization of at
least 80 weight percent monoethylenically
unsaturated carboxy-functional monomer and about
0.05 to about 1.5 weight percent of a cross-linking
agent that is 3,4-dihydroxy-1, 5-hexadiene, or 2,5-
dimethyl-1, 5-hexadiene. The carboxyl groups of this
polymer are also at least partially neutralized at
the p value of the composition.

These biocadhesive polymers are free of
polyalkenyl polyether cross-linkers discussed
before. The remaining monomers that can be present
to constitute 100 percent by weight of the monomers
are discussed below.

In addition to the above two ingredients,

a bicadhesive polymer can also include polymerized
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monoethylenically unsaturated repeating units such

as C1-Cg alkyl esters of one or more of the above-

described acids such as hexyl acrylate, butyl
methacrylate and methyl crotonate; hydroxyalkylene-
functional esters of the above-described acids that
contain a per molecule average of 1 to about 4
oxyalkylene groups containing 2-3 carbon atoms such
as hydroxyethyl methacrylate, hydroxypropyl acrylate
and tetraethylene glycol monoacrylate;

methacrylamide, acrylamide and their C1-Cg mono- and

di-alkyl derivatives such as N-methyl acrylamide,
N-butyl methacrylamide and N,N-dimethyl acrylamide;
styrene; and the like as are known in the art as
being copolymerizable with the above described
carboxyl functionality-containing monomers and
cross-linking agents. The bicadhesive polymers most
preferably are prepared from only the
monoethylenically unsaturated carboxy-functional
monomer and the cross-1linking agent.

A biocadhesive useful herein can be
prepared by conventional free radical polymerization
techniques utilizing initiators such as benzoyl
peroxide, azobisisobutyronitrile, and the like, and
can also be polymerized in an aqueous medium, and
are not agglomerated by steam action. Exemplary
preparations of useful bicadhesives are provided in
the two patents cited immediately above, whose
disclosures are incorporated herein by reference.

As noted previously, the bicadhesives can
be polymerized in an agqueous medium. In preferred
practice that aqueous medium is a saturated solution
of an alkaline earth metal salt such as magnesium

sulfate.
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The alkaline earth metal salt serves at
least two functions. First, it increases the
density of polymerization medium so that the
polymerized bicadhesive floats on the surface of the
aqueous medium and can be easily removed therefrom.
Second, the use of magnesium sulfate, in particular,
reduces the swelling of the bicadhesive in the
aqueous medium so that polymerization and recovery
are facilitated. Bioadhesives typically contain
about 0.5 to about 1 percent of the alkaline earth
metal ion after several water rinses of the polymer.

U.S. Patent No. 5,221,722 teaches the
preparation of what may be called an enhanced
polycarbophil. This polymer is prepared in a
solvent selected from acetone and alkyl acetates
containing 1 to 6 carbon atoms in the alkyl group in
the presence of a suitable initiator and divinyl
glycol crosslinker such as 3,4-dihydroxy-1,5-
hexadiene. Polycarbophil prepared in this manner is
said to have the attributes of bicadhesion, as well
as having small particle size without grinding and
viscosity of above 20,000 cPs when 1% by weight
mucilages thereof are measured in water.

To prevent gelling of the polymer and to
promote discrete particle formation during
polymerization, at least a part of the carboxyl
groups are taught to be neutralized with a group I-A
metal compound in the form of a hydroxide, oxide, or
carbonate, and the like. Examples of these include
sodium, potassium, and the like, as well as reaction
with ammonia and certain amines including
morpholine; mono, di, and triethanolamine; mono-
propanolamine; and other amines where the partial

polymeric salt is less soluble in the reaction
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medium. Preferably, greater than 0.1 percent by
welght of the carboxyl groups on the monomer are
neutralized or formed into a salt of the above
listed materials. More preferably, greater than 1
percent by weight and up to about 10 percent by
weight of the carboxyl groups are neutralized or
converted to the equivalent salt prior to
polymerization, especially less than about 5
percent.

The above-described synthesis is reported
to have provided polymer with an average particle
size of less than 10 u,such that the particles will
pass through a Mesh No. 635 (ASTM-E11). One
commercial supplier is The Lubrizol Corporation,

above, which sells the polymer for medical uses

under the name Noveon® AA-1, Polycarbophil, USP.

The specific amount of any above polymer
is not as relevant as 1s the effect of the polymer
as a thickening agent and or biocadhesive. Thus, the
amounts of the polymers used typically differ among
themselves because they have differing thickening
and bioadhesive abilities. Generally speaking, a
thickeningly-effective and/or a bicadhesively-

effective amount is used.

Halogenated Xanthene (Fluorescein)

A halogenated xanthene (fluorescein)
compound of a contemplated topical ophthalmic
composition can be a compound of Formula 1, below,
in which R; is independently F, Cl, Br, I, H or Ci—Cy
alkyl; Rz, Rz, Rz, and Rs are independently Cl, H or I
with at least one substituent selected from Rz, Rs,
R4, Rs being I; and Rs is independently H or Ci1—-Cy
alkyl; R is H or Ci-Cs alkyl; R!2 is H or Ci-C7 acyl;
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and all (a) tautomeric forms; (b) atropisomers, (c)
closed lactone forms as depicted in Formula 2
(below), (d) enantiomers of lactone forms depicted
in Formula 2, and (e) pharmaceutically acceptable

salts thereof.

FORMULA 2

A contemplated halogenated xanthene is
more believed to be more accurately referred to as a
halogenated fluorescein inasmuch as fluorescein is a
derivative of xanthene. 1In preferred practice, each

R1 of a halogenated fluorescein of Formulas 1 and 2,

above, is either a chloro or a bromo substituent,
whereas each of Rp, R3, Ry, and Rg of those formulas
is an iodo substituent as are present in Formulas I
and II, below. In those formulas below, X is oxygen

or nitrogen, “n” is zero or 1 such that when X is
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BrX}R7) )

\RS

Formula I Formula II

oxXygen, n is zero and R7 is absent, whereas when X
is nitrogen, n is 1 and R’ is present. When X is
oxygen, R7 is selected from the group consisting of

hydrogen (H), Mt that is a pharmaceutically

acceptable cation, C1-C4 alkyl, and an aromatic
ring-containing substituent as defined herein after.

When X is nitrogen, R/ and R8 are the same or
different and are selected from the group consisting
of hydrogen, Cq1-C4 alkyl, an aromatic ring-
containing substituent or together with amido

nitrogen atom R/ and R8® form a 5- or 6-membered
ring, and an aromatic ring-containing substituent.
The aromatic ring-containing substituent is a single
ring containing 5- or 6-members, or a 5,6- or 6,6-
fused aromatic ring system that contains 0, 1 or 2
hetero ring atoms that are independently nitrogen,
oxygen or sulfur.

For ease of description, an aromatic ester
or aromatic amide are collectively referred to as an
aromatic derivative. As such, those derivatives are
formed from an alcohol or amine, preferably
monosubstituted, having a single 5- or 6-membered

aromatic ring, or a 5,6- or 6,6-fused aromatic ring
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system that contains 0, 1 or 2 hetero ring atoms
that are independently nitrogen, oxygen or sulfur.
Structural formulas of exemplary aromatic

ring substituents are set out below:

KLY KLY KLY LT
X XN X AN N\\

X N‘\ | N | | AN N\
jﬁgg;;;I:N;J ’fg\x/'// //,jg\x/ 3ﬁ\x/'//' ;>

where “$~x7 is 1io/or éLN/providing an
b3

ester or a monosubstituted amide, respectively.

Rose bengal (RB) is a preferred compound
for use herein, and its disodium salt, rose bengal
disodium (RBD), is the most preferred RB compound.
These compounds are used illustratively herein for
the group of RB compounds.

The chemical name for rose bengal is
4,5,6,7-tetrachloro-27,4",5",7" -tetraiodo-

fluorescein. A preferred form, rose bengal disodium

ITb

Preparation of highly purified halogenated

fluorescein molecules such as rose bengal (Formula
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Ia above) and the tetra-bromo-tetra-iodo analog
(Formula IIb, above) are discussed in U.S. Patents
No. 8,530,675, No. 9,273,022 and No. 9,422,260. The
use of RBD in photochemically-induced treatments is
disclosed in U.S. Patents No. 5,998,597, No.
6,331,286, No. 6,493,570, No. 7,390,668 and No.
8,974,363. Preferably, the cation, M", in the above
structural formulas is sodium (Na') or potassium
(KT) .

The terms “physiologically acceptable
salt” and “pharmaceutically acceptable salt™ in
their various grammatical forms refer to any non-
toxic cation such as an alkali metal, alkaline earth
metal, and ammonium salt commonly used in the
pharmaceutical industry, including the sodium,
potassium, lithium, calcium, magnesium, barium,
ammonium and protamine zinc salts, which can be
prepared by methods known in the art. Such salts
are usefully prepared by neutralization of an acid
form of a contemplated halogenated fluorescein using
an alkali metal, alkaline earth metal, or ammonium
hydroxide or by admixture with a hydroxide form of
an ion exchange resin. A cation halogenated
fluorescein salt so formed is preferably soluble in
an ultimately formulated topical ophthalmic
composition.

A contemplated cation provides a
composition-soluble xanthene (fluorescein or
fluorescienate) salt. Preferably, the salts are
sodium, potassium, calcium and ammonium in either
the mono or dibasic salt form. The reader is
directed to Berge, J. Pharm. Sci. 1977 68(l):1-19
for lists of commonly used physiologically (or

pharmaceutically) acceptable acids and bases that
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form physiologically acceptable salts with
pharmaceutical compounds.

A halogenated fluorescein is present in
the composition in a keratitis-treating effective

concentration. In usual practice, a keratitis-
treating effective concentration is about 50 pg/mL
to about 3,000 pg/mL, preferably about 100 ug/mL to
about 2,000 pg/mL, and more preferably about 500

ug/mlL to about 1,500 ug/mL, in the topical
ophthalmic composition, measured as DRB.

Thus, 1f a halogenated fluorescein other
than DRB 1is used, the amount used is based upon the
molecular weight of DRB, which is 1017.6 g/Mole.
For example, if the four chloro substituents are
replaced by four bromo substituents, the molecular
weight would be 1195.2 g/Mole. The molecular weight
difference 1is about 17.45 percent. An equivalent
amount of the tetra-bromo-tetra-iocdo fluorescein to
use compared to a given amount of DRB would
therefore be about 17.45 percent greater.

A contemplated halogenated fluorescein

compound such as rose bengal 1is dibasic, having pKg
values of 2.52 and 1.81. pK; value determinations

for several contemplated halogenated fluoresceins
can be found in Batsitela et al., Spectrochim Acta
Part A 79(5):889-897 (Sept. 2011).

The pH value of the halogenated xanthene
(fluorescein) pharmaceutical composition can be
regulated or adjusted by any suitable means known to
those of skill in the art. The composition can be
buffered or the pH value adjusted by addition of
acid or base or the like. As the halogenated

xanthenes (fluoresceins), or physiologically
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acceptable salts thereof, are weak acids, depending
upon halogenated xanthene (fluorescein)
concentration and/or electrolyte concentration, the
pH value of the composition may not require the use
of a buffer and/or pH value-modifying agent. It is
especially preferred, however, that the composition
not be buffered, permitting it to conform to the
biological environment, e.g., tear fluid, once
administered.

Abelson et al., Arch Ophthalmol 99(2) :301
(1981) reported measuring the pH value of the tear
fluid in the inferior cul-de-sac from 44 normal
subjects and found that pH value to be about 6.5 to
about 7.7, with a mean wvalue of about 7.0. Thus, a
contemplated composition preferably has a pH value
of about 6.5 to about 7.6, and preferably about 7.0
to about 7.4.

It 1is also preferred that the
pharmaceutical composition not include any
preservatives, many of which can deleteriously
interfere with the pharmaceutical composition or
formulation thereof, or may complex or otherwise
interact with or interfere with the delivery of the
halogenated xanthene composition active component.
To the extent that a preservative is used, imidurea
is a preferred preservative as it does not interact
with halogenated xanthenes, either in the
pharmaceutical composition or upon administration.

A contemplated treatment method is
utilized to treat a mammalian subject in need
thereof. A “mammal in need” is a mammal that
presents with an eye infection, such as a bacterial,
viral, fungal or amoebic infection. Such infections

tend to usually be a bacterial infection, and the
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infecting bacteria are typically Gram-positive
bacteria.

Illustrative treated Gram-positive
bacteria include one or more of drug-susceptible and
drug-resistant S. aureus, S. epidermis, E. faecalis
and E. faecium, as well as one or more of Bacillus
subtilis, Bacillus cereus, and Streptococcus
salivarius. Gram-positive bacteria are present
within or on mammalian cells of the eye when an
infected eye is treated (the cells are contacted).

Some Gram-positive bacterial strains are
referred to herein as being “resistant” or “drug
resistant” or other grammatical variants of
resistance. The “resistance” meant here is of the
bacteria to treatment with one or more antibacterial
pharmaceutical products that are usually deemed to
be bactericidal at known concentrations and
bacterial cell densities to that type of bacteria.
There are thus, both “drug-susceptible” and “drug-
resistant” strains of bacteria such as
Staphylococcus aureus (S. aureus), Staphylococcus
epidermidis (S. epidermis), Enterococcus faecalis
(F. faecalis), and FEnterococcus faecium (E.
faecium). TIllustrative drugs to which several
common bacteria strains have become resistant
include vancomycin, methicillin and gentamicin.

A similar method is also contemplated for
treating Gram-negative bacteria that is preferably
one or more of Burkholderia, Salmonella, and
Proteus. Here, an above RB compound is present

dissolved or dispersed in an agqueous pharmaceutical
composition at a concentration of about 10 pg/mL to
about 100 pg/mL, and preferably at about 20 ug/mL to

about 50 pg/mL.

_32_



WO 2023/129542 PCT/US2022/054076

As used herein, the word “administration”
is used to mean the beginning of a treatment regimen
in which the composition is applied to the outer
surface of the infected eye. Thus, administration
typically entails placing a dose of an ophthalmic
composition described herein onto the surface of the
eye or into the pocket or pouch formed by pulling
down the lower eyelid, and then closing the eyelid
to distribute the ophthalmic composition over the

external surface of the treated eyeball.

The Treatment Method

A contemplated treatment method comprises
contacting the corneal surface of the subject in
need with a composition containing an anti-Gram-
positive bacterial amount of a halogenated
fluorescein compound. Using rose bengal as
illustrative of such compounds, an anti-Gram-
positive bactericidal effective amount of RB is
administered to the mammalian subject in need and
can be formulated using a thickened aqueous liquid,
gel, or other formats as discussed previously.

The treated eye i1s thereafter maintained
in the substantial absence of actinic light for a
time period of about 3 to about 12 hours. Thus, for
example, after application, the eye 1id is closed, a
light-blocking patch is placed over the treated eye,
ambient light is shut off, or the like. Perhaps
most easily, the eye is treated just prior to the
recipient retiring to sleep for the evening.

In one embodiment, the Gram-positive
bacterial cells are present on or in (e.g.,
infecting) a subject mammal. Illustratively, a

subject mammal can have a dermatological Gram-
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positive bacterial infection such as that of
Streptococcus pyogenes, or particularly in the case
of a topical treatment of an open wound, as a
treatment for a present infection and as a
preventative from subsequent Gram-positive bacterial
infection.

A treated subject mammal can be a primate
such as a human, an ape such as a chimpanzee or
gorilla, a monkey such as a cynomolgus monkey or a
macaque, a laboratory animal such as a rat, mouse or
rabbit, a companion animal such as a dog, cat,
horse, or a food animal such as a cow or steer,
sheep, lamb, pig, goat, llama or the like.

Fach contemplated composition
administration is typically repeated until the
treated bacterial disease (infection) is diminished
to a desired extent, such as not being detectable.
Thus, the administration to a mammalian subject in
need can occur a plurality of times within one day,
daily, weekly, monthly or over a period of several
months to several years as directed by the treating
physician.

As directed by medical personnel involved
with a treatment, the corneal epithelium in an area
surrounding the infection, e.g. a corneal ulcer, can
be debrided prior to administration of a
contemplated composition to obtain a de-epithelized

area to increase rose bengal absorption.

Results

Pharmaceutical grade of rose bengal (RB)
Provectus Biopharmaceuticals, Inc. of

Knoxville, TN, (Provectus) used commercial-grade RB
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and sought a manufacturing process to prepare a pure
form of RBR as a drug substance. However, several
challenges in the purification of RB were found due
to commercial-grade reactions occurring during the
dye manufacturing process, and the other by-products
which lost one or more of the iodide substituents.

It was concluded that commercial-grade RB
is not capable of efficiently yielding a
pharmaceutical-grade material in sufficient quantity
to support clinical development and registration by
the FDA and other global drug regulatory agencies.
A novel multi-step approach for synthesizing and
manufacturing RB was established by Provectus
[Singer et al., U.S. Patents No. 8,530,675, No
9,273,022 and 9,422,260. A key element of that work
was the ability to eliminate the conditions that
lead to the formation of the key historical
impurities.

Those synthesis and purification methods
have been applied to a good manufacturing practice

(GMP), producing RB with a pharmaceutical grade.

This RB, PV-10®, is sterile 10% solution of rose
bengal disodium (RBD) in 0.9% aqueous saline
available from Provectus that is manufactured under
the guidelines of The International Council for
Harmonization of Technical Requirements for
Pharmaceuticals for Human Use (ICH), and designed to
apply as an injectable pharmaceutical. The
pharmaceutical grade RBD is also present in a
differently-formulated topical medication [U.S.
Patent No. 9,422,260; Innamarato et al., BMC Cancer
21:756 (2021); Thompson et al., Melanoma Res.
31:232-241 (2021); and Swift et al., Onco Targets

Ther. 12:1293-1307 (2019)] referred to as PH-109®,

_35_



WO 2023/129542 PCT/US2022/054076

Both preparations utilize rose bengal disodium
(RBD), whose structural formula was shown
previously, as the active ingredient. Because many
soluble salts of rose bengal can be utilized in
addition to the disodium salt, “RB” is used herein
as the designation for any pharmaceutically
acceptable salt of rose bengal, whereas the
designation “RBD” refers specifically to rose bengal

disodium.

Microorganisms

The microbial source of infection can
bacterial, wviral, fungal or amoebic. In usual
practice, the source of infection is bacterial, and
an infecting bacterium is preferably a Gram-positive
bacterium.

The antibacterial activity of RB via
photodynamic approaches has been studied in several
research groups [See, Kurosu et al., Molecules
27:322 (2022) and the citations therein].
Applications of photodynamic therapy of RB are not
limited to skin infections, including cellulitis,
erysipelas, impetigo, folliculitis, and furuncles
and carbuncles. However, spectrum of activity, rate
of killing, and biofilm eradication activity of RB
have been reported sporadically.

The bactericidal activity of
pharmaceutical-grade of RB against a battery of
microbes including Gram-positive, Gram-negative
aerobic bacteria, including Mycobacterium spp. Under
different light sources (fluorescence, LED, and sun
light) and in a dark condition has been
reinvestigated by Kurosu et al., above.

Interestingly, although the irradiation with actinic
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light exhibited greater immediate potency, RB also
exhibited anti-bacterial activity in the dark.

The present invention utilizes that anti-
bacterial activity in the darkness in the present
invention. Thus, the mammalian subject in need of
treatment, such as a human with a bacterial eye
infection, applies an anti-bacterial effective
amount of a contemplated pharmaceutical composition
within zero to about five minutes before retiring
and closing her/his/their eyes.

Minimum inhibitory concentrations (MICs,

in pg/mL) obtained via broth dilution and agar
dilution methods for a time period of 24 hours (h)
in a dark room, using 96-well plates covered with
aluminum foil from the dark condition of the above
Kurosu et al. paper are summarized in Table 1,

below. RB used in Table 1 is a diluted form of PV-

10® that was provided by Provectus
Biopharmaceuticals, Inc. (Knoxville, TN, USA)
[Singer et al., U.S. Patents No. 8,530,675, No
9,273,022 and 9,422,260.7].

Table 1

MIC of a series of fungus, Gram-positive and

Gram-negative bacteria via broth dilution method

Entry MIC
Microbe
Number (ug/mL)
1 Bacillus subtilis ATCC6051 50
2 Bacillus cereus NRRL B-569 50
3 Bacillus cereus 13061™ 50
4 Staphylococcus aureus 6538™ 50.0
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Staphylococcus aureus subsp.
5 Aureus BAA-1683 (a MRSA 50
strain)
6 Staphylococcus aureus subsp. 55 0
Aureus BAR-41™ (a MRSA strain) :
7 Staphylococcus aureus subsp. 500
Aureus BAR-42™ (g MRSA strain) :
5 Staphylococcus aureus subsp. 50.0
Aureus BAR-44™ (a MRSA strain) :
Staphylococcus aureus subsp.
9 Aureus BAA-2094™ (a MRSA 25.0
strain)
10 Staphylococcus aureus BAA- 55 0
2313™ (3 MRSA strain) :
Staphylococcus aureus subsp.
Aureus 33592™ (a methicillin
11 . . 50.0
and gentamicin resistant
strain)
Staphylococcus aureus
12 ATS2006032 (a vancomycin- 50.0
resistant strain)
Staphylococcus aureus BR b
13 (A methicillin and vancomycin 25.0
resistant strain)
Staphylococcus aureus strain
14 AIS 1000505 (VRS10, a 25.0
vancomycin-resistant strain)
Staphylococcus aureus USA100
15 strains 71080 (VRS8, a 25.0
vancomycin-resistant strain)
Staphylococcus epidermidis
16 35054 25.0
17 Enterococcus faecalis 19433™ 25.0
18 Enterococcus faecium 349™ 50.0
19 Enterococcus faecium BAR-2320 25.0
Enterococcus faecium NR-32065
20 (a vancomycin- resistant 50.0
strain)
Enterococcus faecium patient
21 #3-1, NR-31912 (a vancomycin- 50
resistant strain)
Enterococcus faecium UAAT14 (a
22 . . . 50
vancomycin-resistant strain)
53 Streptococcys salivarius 55 0
subsp. Salivarius 7073™ )
24 Streptococcus pneumoniae 6301™ >100
25 Mycobacterium smagmatis 607™ 25.0
Mycobacterium avium subsp.
26 Avium 2285 0.0
27 Mycobacterium kansasii 824™ 50.0
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Mycobacterium bovis 35734™
28 (BCG) 50.0
Mycobacteroides abscessus
29 19677 50.0
Saccharomyces cerevisiae
30 BY4743 125

RB’s bactericidal activity was examined
against a panel of 7 methicillin-resistant S. aureus
(MRSA) with different SCCmec types (entries 5-11) of
Table 1 [Zuo et al., Sci. Rep. 1ll:Article 5447
(2021)]1. All MRSA strains tested in Table 1 were

killed by RB at 0.78-3.1 ug/mL concentrations under
the fluorescent or LED light. RB was further
examined against 4 vancomycin-resistant S§. aureus
strains (entries 12-16); all vancomycin-resistant
strains were killed at below 1.0 pg/mL
concentrations under either lighting condition.
Staphylococcus epidermidis 1s an anaerobic
bacterium, but grows well under aerobic conditions.
It was effectively killed by RB under an aerobic
condition (entry 16). Drug-susceptible and
drug-resistant Enterococcus faecalis including
vancomycin-resistant strains were killed by RB
(entries 17-21). Streptococcus salivarius was
susceptible to RB (entry 23), whereas Streptococcus
pneumoniae showed resistance to RB (entry 24). The
basis for that resistance is presently unknown.
Thus, under the dark condition, RB showed
antibacterial activity against all Gram-positive
bacteria listed in entries 1-23 (Table 1) at 25.0-
100 pug/mL concentrations. Under the dark condition
RB i1s known to display antibacterial activity at
high concentrations. All Gram-negative bacteria

assayed in Table 1 were not susceptible to RB under

_39_



WO 2023/129542 PCT/US2022/054076

the dark condition. These data support the idea
that RB has one or more unknown mechanisms to
inhibit the growth of bacteria other than via the
excitation mechanism of triplet oxygen, generating
cytotoxic reactive oxygen species.

Antibacterial activity of RB against 5
Mycobacterium spp. Was examined (entries 25-29).
Interestingly, under the dark condition, these
Mycobacteria were killed at similar MIC to those
observed under illumination conditions. RB
inhibited growth of Saccharomyces cerevisiae at
higher concentrations than the bacteria under the
dark condition (entry 30).

The MIC values of RB determined by the
agar dilution method differed from those determined
by the broth dilution method (Table 1). Selected
examples of the MIC values determined by the agar
dilution method are summarized in Table 2 shown by

renumbering the assayed microbes.

Table 2

MIC of a series of Gram-positive bacteria and

Mycobacteria via agar dilution method

Entry MIC
Microbe
Number (p,g/mL)
1 Bacillus subtilis ATCC6051 125
2 Bacillus cereus 13061™ 125
3 Staphylococcus aureus 6538™ 25.0

Staphylococcus aureus subsp.

Aureus BAA-44™ (g MRSA strain)

5 Mycobacterium smegmatis 607 ™ 50.0

_40_



WO 2023/129542 PCT/US2022/054076

The growth of Gram-positive bacteria such

as B. subtilis, B. cereus, and S. aureus were

inhibited at about 25 to about 125 pug/mL
concentrations (entries 1-4 in Table 2), which are
greater than the MIC values determined by the broth
dilution method. M. smegmatis (ATCC607™) was killed
at lower concentration on the drug-containing agar
plates (or wells) than in those in broth (entry 29,
Table 1; entry 5, Table 2) [Lelovic et al., J.
Antibiot 73:780-789 (2020)].

Under the dark condition, the MICs of RB
determined via the agar dilution method displayed
good agreement with the values measured in the broth
dilution method. Minimum bactericidal
concentrations (MBCs) of RB against the selected
bacteria are also summarized in Table 2, above.

Exemplary Gram-positive bacteria for
treatment and killing include one or more of drug-
susceptible and drug-resistant S. aureus, S.
epidermis, E. faecalis and E. faecium, as are one Or
more Bacillus subtilis, Bacillus cereus, and

Streptococcus salivarius.

Anti-biofilm activity of Pharmaceutical
Grade RB (HP-RBf)

The antibacterial character of RB observed
in the previous section encouraged evaluation of
antibiofilm efficacy of RB in Gram-positive
bacteria. The data summarized above indicate that
RB possesses a significant drug affinity or
permeability onto (or into) Gram-positive bacteria.

Antimicrobial and antifungal photodynamic
therapy have been studied with the photosensitizers

under biofilm conditions; however, a limited number
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of bacterial biofilms have been examined with RB
[Pérez-Laguna et al., Photodiagnosis Photodyn. Ther.
21:211-216 (2018)17.

Here, efficacy of RB against biofilms of a
drug-susceptible S. aureus 6508™, drug-resistant S.
aureus 71080 (VRS8) and E. faecium NR-32065 was
studied under florescent light and dark conditions.
Linezolid is not an effective drug in eradicating
biofilms of Gram-positive bacteria, but has a
beneficial effect in prevention of biofilm
formations [Reiter et al., J. Med. Microbiol.
62:394-399 (2013)], and was used as a control.

Linezolid was applied as a positive
control at very high concentration of 600 pg/mL
(>100xMIC for the planktonic cells) in biofilm
assays reported by Kurosu et al., Molecules 27:322
(2022). Those authors reported that they confirmed
that all strains tested form strong biofilms on the
polystyrene well plates. Under the fluorescent
light, RB could eradicate the biofilms of §. aureus
6508™ with a 7-log reduction at 30.0 ug/mL (38xMIC)
concentration, which demonstrated the same level of
efficacy as observed for linezolid (at 600 pg/mL)
(Kurosu et al., above, Figure 3).

RB showed a biofilm eradication activity
in a dose-dependent manner in both the under light
and in the dark conditions. Although requiring
higher concentrations, RB showed a biofilm
eradication activity under the dark condition. At
50.0 nug/mL (2xMIC under dark) concentration, RB
significantly reduced the number of viable bacteria.
At 500 pg/mL (20xXMIC) concentration, only about 110

to about 150 CFU/mL were observed. No viable
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bacteria (N.D.) were appeared at 1,000 pg/mL
concentration. Similar trends were observed in the
biofilms of the drug-resistant S. aureus 71080
(VRS8) and E. faecium NR-32065 with much lower RB

concentrations.

Antibacterial mechanisms of RB

Antibacterial photodynamic therapy of RB
has been reported in several articles. Permeation
of RB through bacterial cell walls and binding to
cell membranes followed by production of reactive
oxygen species are likely bactericidal mechanisms in
illumination conditions [Nsubuga et al., Nanoscale
Adv. 3:1375 (2021); and Lambert et al., Photochemn.
Photobicl. 66:15-25 (1997)]. Although relatively
high concentrations are required, RB kills a
majority of Gram-positive bacteria including
Mycobacterium spp. In dark conditions. It also
effectively eradicates biofilms of Gram-positive
bacteria (above). Antibacterial activity of RB in
dark conditions remains far from completely
understood [Nakonechny et al., Int. J. Mol. Sci.
29:3196 (2019); and Kim et al., J. Enzyme. Inhibit.
Med. Chem. 35:1414-1421 (2020)7].

RB kills Mycobacterial spp. At 12.5-25.0
mg/mL in illumination conditions, and at 25.0-50.0
mg/mL in dark conditions (Table 1). 1In both
conditions, RB kills five Mycobacterial spp. At a
slower rate than that of Gram-positive bacteria. RB
seems to have low-permeability of mycobacterial cell
walls. Due to rapid bactericidal effect of RB
against Gram-positive bacteria even in the dark

condition, generation of RB-resistant mutants of
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Gram-positive bacteria is an extremely difficult
task.

We successfully generated RB-resistant
mutants of M. smegmatis, which had the MIC wvalue of
200 mg/mL [Lelovic et al., J. Antibiot. 73:780-789
(2020)]1. The RB-resistant strain was susceptible to
most of TB drugs [amikacin, capreomycin, rifampicin,
aminouridyl phenoxypiperidinylbenzyl butanamide

(APPB), and ethionamide] (Table 3, below).

Table 3

MICs of RB and anti-mycobacterial agents against
M. smegmatis and its PV-10-resistant strain®

Drug MIC (pg/mL) MIC (ng/mL)
against against
M. smegmatis M. smegmatis
607™ (wild-type) | 607™ (RB mutant)
Rose Bengal 12.5 200
Isoniazid (INH)® 1.56 25-50
Ethionamide (ETH) 12.5 12.5
Amikacin 0.78 0.78
Capreomycin 3.13 3.13
Rifampicin 1.56 1.56
APPB 0.20 0.20
aThe MIC values were determined in dark
condition. All studies were triplicated. P*An

inhibitor of mycolic acid synthesis. ¢ APPB =
aminouridyl phenoxypiperidinylbenzyl butanamide,
a MraY/WecA inhibitor.

However, 1t showed a cross-resistance to
Isoniazid (INH). 1INH is a prodrug that requires
oxidative activation by the enzyme KatG, which
belongs to catalase-peroxidase families. KatG
oxidizes INH to form an electrophilic species, an
isonicotinoyl radical molecule, which reacts with
the NADH-dependent enoyl-ACP (acyl carrier protein)
reductase, an enzyme involved in the biosynthesis of
mycolic acids of mycobacteria (Scheme 1, below)

[Vilcheéze et al., Microbiol. Spectr. 2: MGM2-0014-
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2013 (2014); and Morlock et al., Antimicrob. Agents
Chemother 47:3799-3805 (2003)7.

Scheme 1
o]
o) NHNH, o) R’/§§b/JL\SAcpM
\ .
NADH

d | KatG r | InhA

 — NAD*
\N \N Inhibits NADH-

mediate reductases o]

INH  H202  NoHp ,0+1720, —_—> Mycolic acids
1 R SAcpM >

N>

The RB-resistant M. smegmatis strain
acquired medium-INH resistance but did not show
resistance to ethionamide (ETH). The major
mechanism of INH resistance is mutation in katgG,
while ETH is activated by the monooxygenase EthA
[Laborde et al., Org. Biomol. Chem. 14:8848-8858
(2016)]. These observations may imply that the RB’s
antibacterial mechanisms share one or more INH
metabolic enzymes to form bactericidal species.

To elucidate a potential mechanism of
action, a whole-genome sequencing analysis of an RB-
resistant M. smegmatis ATCC607 strain was performed
using the next-generation of DNA sequencing
technologies [Lei et al., Microbiol. Resour.
Announc. 8:e00551 (2019)]. One identified insertion
mutation occurred in anti-sigma E factor gene (rseA:
evidenced TG:104 vs. T:0) and aquaporin family
protein gene (evidenced GCACCCT:71 vs. G:0),
respectively.

Consequently, these insertion mutations
caused the reading frame changes in the

corresponding proteins and generated the truncated
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proteins compared to its parental strain. It has
been reported that RseA functions as a specific
anti-sigma E factor in Mycobacterium tuberculosis
and that the sigma E factor (SigE) enables the
mycobacterial organisms to tolerate a variety of
stress responses [Boldrin et al., Sci. Rep. 9:17643
(2019); and Wu et al., J. Bacteriol. 179:2922-2929
(1997)]1. Thus, the expression of a non-functional
RseA in the RB-resistant mutant may affect the
activity of SigE, increasing the bacterial tolerance
to RB. On the other hand, the aquaporin family
proteins exist in various organisms and play a
critical role in bidirectional flux of water and
uncharged solutes cross cell membranes.

It was reported that a null mutation of
the Streptococcal agquaporin homolog increased the
intracellular H202 retention, indicating that
aquaporin mediates transporting H202 in Streptococcal
spp. [Tong et al., J. Biol. Chem. 294:4583-4595
(2019)]1. Therefore, we hypothesize that RB may
inhibit the aquaporin function, leading to
accumulation of H202 within the bacterial cells.
Interestingly, a single nucleotide deletion causing
the frameshift mutation was observed in
molybdopterin-dependent oxidoreductase (evidenced
T:74 vs. TC:0) of the RB-resistant strain.

The oxidoreductase systems can form
superoxide by reduction of molecular oxygen or NO by
reduction of inorganic nitrate. RB may serve as a
single-electron acceptor in the redox of the
oxidoreductases that will produce the radical anion
(RB*-) or RB triplet state, undergoing electron-
transfer reaction with oxygen. As such, the

involvement of molybdopterin-dependent

_46_



WO 2023/129542 PCT/US2022/054076

oxidoreductase is proposed in the generation of
reactive oxygen or nitrogen spp. through the
excitation of RB under dark conditions (Scheme 2,
below). The oxidoreductase in Scheme 2 is
molybdopterin-dependent oxidoreductase xanthine
dehydrogenase family protein. The “-OH + OH™™ in
Scheme 2 is a reactive oxygen species (ROS) or a
reactive nitrogen species.

Scheme 2

Fe3+

) » RB® 0,° — = & H0,
CO; 2Na* ( X Fe2*
RB RB 0, K

The KatG gene was intact in the RB-
resistant strain. Thus, it remains difficult to
speculate a mechanism that confers the cross-
resistance with INH. However, mutations in several
transcriptional regulators of the RB-resistant
strain were observed that may affect the expression
level of KatG, suppressing the INH-activation. It
generates hydroxy radicals (reactive oxygen species)
through the Fenton reaction of H202. Requirement of
relatively high concentration of RB to display
bactericidal activity against Gram-positive bacteria
including Mycobacterial spp. may imply that affinity
of RB with catalases is moderate. Similarly, a
cytotoxicity mechanism of RB in mammalian cells may

be explained. As shown in Scheme 3, below.
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Scheme 3
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RBR has been used for over 50 years to
diagnose eye and liver disorders. It is often
useful as a stain in diagnosing certain medical
issues, such as conjunctival and lid disorders (vide
supra). In these applications, 0.1-2.0% RB (i.e.,
1,000-20,000 pg/mL) has been used.

RB in concentrations below 2.0% are
considered to be safe under natural and artificial
lights [Whitcher et al., Am. J. Ophthalmol. 149:405-
415 (2010)]. A healthy cell line, Vero (the kidney
of an African green monkey) cells was chosen to
determine in vitro cytotoxicity of RB under the
fluorescent light.

Large data sets of cytotoxicity of
antibacterial and anticancer agents against Vero
cells have been generated, which allow comparison of
the toxicity level of new molecules [Siricilla et
al., J. Med. Chem. 60:2869-2878 (2017); and
Siricilla et al., J. Antibiot. 68:271-278 (2015)].
In a 24h study under the dark, RB showed the ICsg

value of 300 uM (292 pg/mL) against Vero cells.

Therapeutic concentrations of RB are

likely to be about 0.1 uM to about 10 uM. Thus,
these in vitro cytotoxicity tests imply that skin

infections can be treated with RB without causing
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cytotoxicity of host cells under illumination

conditions.

Conclusions

Provectus has established a manufacturing
and purification process for pharmaceutical-grade RB
that fulfills both c¢cGMP and ICH requirements. We
have evaluated the antibacterial activity and

cytotoxicity of a pharmaceutical-grade RB formulated

product (PV-10®) as an exemplary RB compound in

illuminating and dark conditions. The comprehensive

MIC data for RB via saline-diluted PV-10%® summarized
here indicate that RB is very effective in killing
most Gram-positive bacteria (MIC 0.39-3.1 pg/mL),
except Streptococcus pneumoniae sp.

S. pneumonia is one of very few Gram-
positive bacteria that is susceptible to colistin
(polymixin E), an anti-Gram-negative drug. We have
studied the relationship between RB’s bactericidal
effect and colistin-resistance in both Gram-positive
and -negative bacteria. The resistance mechanism of
S. pneumoniae against RB will be reported elsewhere.

We confirm that RB is an excellent agent
to eradicate biofilms of Gram-positive bacteria,
including drug-resistant strains. Under fluorescent
and dark conditions, RB significantly reduced a
number of viable cells of the drug-resistant strains
of S. aureus and E. faecium in a concentration-
dependent manner. These studies indicate that RB
has the potential antibacterial agent to kill drug-

resistant bacteria in any growth phases.
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Materials and Methods

Antibiotics

All antibiotics were purchased from
commercial sources [amikacin disulfate salt (Sigma
Aldrich, Al1774-1G), capreomycin sulfate (Sigma
Aldrich, C4142-1G), ciprofloxacin hydrochloride
monohydrate (TCI, C2227), ethionamide (TCI, E0695),
isoniazid (Sigma Aldrich, I3377-5G), linezolid
(Chem-Impex, 29723), meropenem trihydrate (Ark
Pharm, AK161987), rifampicin (Sigma Aldrich, R3501-
1G)] and used without further purification unless
otherwise noted. APPB (aminouridylphenoxypiperi-
dinylbenzyl butanamide) was synthesized according to
the reported procedure. [Mitachi et al., ACS Omega
2018, 3:1726-1739; and Mitachi et al., MethodsX
2019, 6:2305-2321.]

Formulation of pharmacological grade rose bengal in
saline (PV-10%®).

Rose bengal disodium salt was synthesized
according to Provectus’ proprietary procedure. The
detailed procedure was as described in U.S. Patents

No. 8,530,675, No 9,273,022 and No. 9,422,260.

Acquisition of bacteria

The drug susceptible bacteria and yeasts
used in this program were purchased from ATCC (The
American Type Culture Collection, Manassas, VA).
The drug-resistant strains were acquired from REI

Resources (NIAID).

Log phase bacterial culture
All liguid bacterial culturing was

performed with a conical flask with an air filter.
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A single colony of a bacterial strain was grown
according to the conditions recommended by ATCC.
Seed cultures and larger cultures of bacteria were

obtained using media recommended by ATCC. M.

smegmatis (ATCC 607) was cultured on a 0.5% Tween®
80 Middlebrook 7H10 nutrient agar (0.4% glycerol)
[46]. The culture flasks were incubated for 3-4
days for M. smegmatis (ATCC 607), and for 10-12 days
for M. tuberculosis Hs:7Rv in a shaking incubator at
37 °C with a shaking speed of 200 rpm and cultured
to mid-log phase (optical density — 0.5). The
optical density was monitored at 600 nm using a 96

well microplate reader.

MIC assays

All testing follows the guidelines set by
the Clinical & Laboratory Standards Institute (CLSI)
[“Determining laboratory reference intervals: CLSI
guideline makes the task manageable,” Lab. Med.
40:75-76 (2009).]. Minimum inhibitory
concentrations (MICs) were determined by broth
dilution microplate alamar blue assay or by OD
measurement. All compounds were stored in DMSO or
saline (1 mg/100 ulL concentration). This
concentration was used as the stock solution for all
MIC studies. FEach compound from stock solution was
placed in the first well of a sterile 96 well plate
and a serial dilution was conducted with the
culturing broth (total volume of 10 pL). The
bacterial suspension at log phase (190 uL) was added

to each well (total volume of 200 pL), and was

incubated for 24 h at 37 °C 20 uL of resazurin
(0.02%) was added to each well and incubated for 4
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h, (National Committee for Clinical Laboratory
Standards (NCCLS) method (pink = growth, blue = no
visible growth)). The OD measurements were
performed for all experiments prior to performing
colorimetric assays. The absorbance of each well

was also measured at 570 and 600 nm via UV-Vis.

Minimal bactericidal concentration (MBC) assays

A single colony of a specific bacterium
(grown on an agar plate) was inoculated into the
culture broth. A bacterial culture was grown
overnight (about 18 hours), then diluted in growth-
supporting broth to a concentration between 1 x 10°
and 1 x 10° CFU/mL. Based on the MIC values, agar
plates containing a drug (MIC, 2x - 20x MIC) were
prepared. A series of drug-containing agar plates
were inoculated with equal volumes of the specific
bacterium. The agar plates were incubated at the
appropriate temperature and duration. CFU/mL were
counted. The MBC values were determined by

reduction of >99.9% of bacteria.

Mammalian cell lines and culturing

Vero cells (ATCC™ CCL-81) were purchased
from the ATCC. HEK cells (SCCE020) were purchased
from MilliporeSigma. The cell lines were cultured
and maintained in the media as recommended by the
suppliers.

Vero cells were cultured in Eagle’s
Minimum Essential Medium (MEM) (CORNING®, 10-009-CV)
supplemented with 10% FBS, 1% Penicillin-
Streptomycin Solution (cellgro®, 30-002-CI), 1%
HyClone™ MEM Non-Essential Amino Acids Solution
(100X) (GE Healthcare Life Sciences, SH30238.01) and
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1% HyClone™ Sodium Pyruvate 100 mM Solution, (GE
Healthcare Life Sciences, SH30239.01) and incubated
in a 37 °C incubator with 100% humidity and 5% CO:.
Cultures were refreshed with fresh medium every 2
days until the culture reaches 100% confluence,
which takes approximately 5 days depending on the
proliferation rate.

Human Epidermal Keratinocytes, Neonatal

(MILLIPORE®, Catalog# SCCE020) were cultured in

EpiGRO™ Human Epidermal Keratinocyte Complete

Culture Media Kit (MILLIPORE®, SCMKO001) and
incubated in a 37 °C incubator with 100% humidity
and 5% COz. Refresh with fresh medium after 2 days
and three times weekly until the culture reaches

100% confluence.

Cytotoxicity assay with Vero cells

All testing follows the guidelines set by
the Clinical & Laboratory Standards Institute (CLSI)
with minor modifications. Cytotoxicity assays for
PV-10 were performed in a 24-well plate. Into each
well (1 mL medium/well), 1 uL of drug concentration
was added. After 1, 2, 3 and 4h of incubation under
the light at room temperature (r.t.), the medium was

removed, and the cells were washed with PBS (x3).

After adding the medium (1 mL/well), 10 uL of 3-
(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) solution (5 mg/mL in PBS) was added
and incubated for another 3h at 37 °C (5% CO2). The
medium was removed, and DMSO (1 mL/well) was added.
Viability was assessed on the basis of cellular
conversion of MTT into a purple formazan product.
The absorbance of the colored formazan product was

measured at 570 nm by a BioTek Synergy™ HT
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Spectrophotometer [Mitachi et al., J. Med. Chem.
63:10855-10878 (2020)].

Vero cells [5 x 10% cells/well (in 196 uL
of the culture medium)] were plated in a 96-well
plate and the cell cultures were incubated for 4
days to form the monolayer (100% confluence). Into
each well RB (0-300 mM) was added.

Images were obtained every hour using an

IncuCyte® Live-Cell Imaging System (Essen
BioScience, Ann Arbor, MI). Cell proliferation was
quantified using the metric phase object confluence
(POC), a measurement of the area of the field of

view that is covered by cells, which is calculated

Whole-genome sequencing of M. smegmatis strains

RB-resistant M. smegmatis (ATCCo607™)
strains were prepared according to the procedures
reported previously [Kaser et al., Cold Spring Harb
Protoc. (2010)]. To identify single nucleotide
polymorphisms (SNPs) that may contribute to the
bacterial resistance to RB, the genomic DNAs were
purified from the stationary cultures of RBR-
resistant mutant and its parental control M.
smegmatis 607™ according to the procedure reported
previously [Lelovic et al., J. Antibiot. 73:780-789
(2020) 7.

The purified genomic DNA was submitted to
the University of Minnesota Genomic Center (UMGC)
for quality control analysis, the library
preparation and DNA sequencing using an advanced
Illumina MiSeg™ DNA-seq technology. Sequence reads
from the mutant and the control were evaluated for
their quality using FastQC. Low quality tails and

adapters were removed with Trimmomatic [Lei et al.,
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Methods Mol. Biol. 2069:125-138 (2020)]. The whole-
genome sequence of M. smegmatis strain FDAARGOS 679
was used as a reference, and SNPs or other variants
such as deletion and insertions were called by using
a biocinformatic tool Snippy

[https://github.com/tseemann/snippy].

Fach of the patents, patent applications

and articles cited herein is incorporated by

w 144 w 144

reference. The articles “a” and “an” are used
herein to refer to one or to more than one (i.e., to
at least one) of the grammatical object of the
article.

The foregoing description and the examples
are intended as illustrative and are not to be taken
as limiting. Still other variations within the
spirit and scope of this invention are possible and
will readily present themselves to those skilled in

the art.
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CLAIMS

1. A topical ophthalmic system for
treating a Gram-positive bacterial infection of the
eye of a mammal in need that comprises an ophthalmic
composition containing a halogenated fluorescein or
a pharmaceutically acceptable salt or ester thereof
dissolved or dispersed in an agqueous ophthalmic

carrier and present in a bacterial keratitis-
treating effective concentration of about 0.2 ug/mL

to about 50 pg/mL in the composition, said
composition having a pH value of about 6.5 to about
7.6, a viscosity of about 10 to about 300 cps and an
osmolality of about 270 mOsm/kg to about 340
mOsm/kg, and said composition being present in a

vessel opaque to actinic light.

2. The ophthalmic system according to
claim 1, wherein said composition further contains
glycerin or propylene glycol or both glycerin and
propylene glycol up to a total of 2.5 weight percent

of the composition.

3. The ophthalmic system according to
claim 1, wherein at least some said osmolality is
provided by the presence of one or more water-
soluble sodium, potassium, calcium, and magnesium

chlorides, phosphates, and nitrates.

4. The ophthalmic system according to
claim 1, wherein said viscosity 1s provided at least
in part by one or more polymer free of an ionic

charge at the pH value of the composition.
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5. The ophthalmic system according to
claim 4, wherein said polymer free of an ionic
charge at the pH value of the composition is
selected from the group consisting of one or more of
PEG 400, PEG 1000, dextran, dextrin,
poly(vinylpyrrolidone), hypromellose, methyl
cellulose, hydroxyethyl cellulose, and poly(vinyl
alcohol) .

6. The ophthalmic system according to
claim 1, wherein said viscosity 1s provided at least
in part by one or more polymer bearing an anionic

charge at the pH value of the composition.

7. The ophthalmic system according to
claim 6, wherein said polymer bearing an anionic
charge at the pH value of the composition is
selected from the group consisting of one or more of
a) hyaluronic acid, b) water-soluble partially
neutralized cross-1linked acrylic acid, methacrylic
acid and co-polymers cross-linked with allyl sucrose
or allyl pentaerythritol, wherein each cross-linker
contains an average of at least three allyl groups
per molecule, c¢) water-swellable but water-insoluble
partially neutralized reaction product of the
copolymerization of at least 80 weight percent
monoethylenically unsaturated carboxy-functional
monomer and about 0.05 to about 1.5 weight percent
of a cross-linking agent that is 3,4-dihydroxy-1, 5-
hexadiene, or 2,5-dimethyl-1,5-hexadiene, and d)

partially neutralized carboxymethyl cellulose.

8. The ophthalmic system according to

claim 1, wherein said halogenated fluorescein or
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pharmaceutically acceptable salt or ester thereof
has the chemical formula of one or both of Formulas

1 and/or 2

wherein R; 1s independently F, Cl, Br, I, H
or Ci1—-Cs alkyl;

Rz, Rz, Rz, and Rs are independently Cl, H
or I with at least one substituent selected from Ry,
R3, R4, Rs being I; and

R¢ 1s independently H or Ci-Cs alkyl; Rl is
H or Ci-C4 alkyl; R!2 is H or Ci-C7 acyl; and all (a)
tautomeric forms; (b) atropisomers, (d) enantiomers
of lactone forms depicted in Formula 2, and (e)

pharmaceutically acceptable salts thereof.

9. The ophthalmic system according to

claim 8, wherein R7 of said halogenated fluorescein

of Formulas 1 and 2, above, 1is either a chloro or a

bromo substituent, whereas each of Ry, Rz, Ry, and
Rg of those formulas is an iodo substituent as are

present in Formulas I and II, below, X is oxygen or

w 144

nitrogen, “n” is zero or 1 such that when X is
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"R,

\RS

Formula I Formula II

oxXygen, n is zero and R7 is absent forming an

aromatic ester, whereas when X is nitrogen, n is 1
and R7 is present forming an aromatic amide;
when X i1s oxygen, R’ is selected from the

group consisting of hydrogen (H), M' that is a
pharmaceutically acceptable cation, C1-C4 alkyl, and

an aromatic ring-containing substituent;

wherein said aromatic ring-containing
substituent is a single ring containing 5- or 6-
members, or a 5,6- or 6,6-fused aromatic ring
system, in which the single aromatic ring or fused
aromatic ring system contains 0, 1 or 2 hetero ring
atoms that are independently nitrogen, oxygen or

sulfur;

when X i1s nitrogen, R/ and R8 are the same
or different and are selected from the group
consisting of hydrogen, C1-C4 alkyl, an aromatic
ring-containing substituent or together with amido
nitrogen atom R/ and RS together with amido nitrogen

atom form a 5- or 6-membered ring.

10. The ophthalmic system according to
claim 9, wherein said aromatic ring-containing

substituent of said aromatic ester or aromatic amide
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unsubstituted, and is selected from the group

consisting of the following

Té—x/<// ;é_x///// :ﬁLJlZ;;J::;;J,

N SN AN NN

N N\ N° oy X N\
L L0 00 5 L0

where $-x7 is %LO/or éLN/providing an
b3

ester or the RS group 1s hydrogen forming a

monosubstituted amide, respectively.

11. The ophthalmic system according to
claim 1, wherein said halogenated fluorescein or
pharmaceutically acceptable salt or ester thereof
has the chemical formula of one or both of Formulas

Ia and/or IIb

ITb

wherein M'T is a pharmaceutically

acceptable cation.
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12. The ophthalmic system according to
claim 1, wherein said halogenated fluorescein or
pharmaceutically acceptable salt or ester thereof is

rose bengal disodium.

13. A method of treating a mammalian
subject having a Gram-positive bacterially-infected
eye that exhibits keratitis comprising the steps of
treating said microbially-infected eye by
administering to that microbially-infected eye a
keratitis-treating effective amount of an ophthalmic
composition containing a halogenated fluorescein or
pharmaceutically acceptable salt or ester thereof
dissolved or dispersed in an agqueous ophthalmic

carrier and present in a bacterial keratitis-
treating effective concentration of about 0.2 ug/mL

to about 50 pg/mL in the composition, said
ophthalmic composition having a pH value of about
6.5 to about 7.6, a viscosity of about 10 to about
300 cps and an osmolality of about 270 mOsm/kg to
about 340 mOsm/kg, and maintaining said treated eye
in the substantial absence of actinic light for a

time period of about 3 to about 12 hours.

14. The method according to claim 13,
wherein said treatment is carried out in the

substantial absence of actinic light.

15. The method according to claim 13,
wherein said ophthalmic composition is maintained in
a vessel opaque to actinic light prior to said

administration.

_61_



WO 2023/129542 PCT/US2022/054076

16. The method according to claim 13,
wherein said halogenated fluorescein or
pharmaceutically acceptable salt or ester thereof
has the chemical formula of one or both of Formulas

1 and/or 2

wherein R; 1s independently F, Cl, Br, I, H
or Ci1—-Cs alkyl;

Rz, Rz, Rz, and Rs are independently Cl, H
or I with at least one substituent selected from Ry,
R3, R4, Rs being I; and

R is independently H or C:—-Cs alkyl; R! is
H or Ci-Cs alkyl; R2 is H or Ci;-C7 acyl; and all (a)
tautomeric forms; (b) atropisomers, (d) enantiomers
of lactone forms depicted in Formula 2, and (e)

pharmaceutically acceptable salts thereof.

17. The method according to claim 16,

wherein R7 of said halogenated fluorescein of

Formulas 1 and 2, above, 1s either a chloro or a

bromo substituent, whereas each of Ry, Rz, Ry, and
Rg of those formulas is an iodo substituent as are

present in Formulas I and II, below, X is oxygen or

w 144

nitrogen, “n” is zero or 1 such that when X is
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Formula I Formula II

oxXygen, n is zero and R7 is absent forming an

aromatic ester, whereas when X is nitrogen, n is 1
and R7 is present forming an aromatic amide;
when X i1s oxygen, R’ is selected from the

group consisting of hydrogen (H), M' that is a
pharmaceutically acceptable cation, C1-C4 alkyl, and

an aromatic ring-containing substituent;

wherein said aromatic ring-containing
substituent is a single ring containing 5- or 6-
members, or a 5,6- or 6,6-fused aromatic ring
system, in which the single aromatic ring or fused
aromatic ring system contains 0, 1 or 2 hetero ring
atoms that are independently nitrogen, oxygen or

sulfur;

when X i1s nitrogen, R7 and RS are the same
or different and are selected from the group

consisting of hydrogen, C1-C4 alkyl, an aromatic
ring-containing substituent or together with amido

nitrogen atom R/ and RS together with amido nitrogen

atom form a 5- or 6-membered ring.

18. The method according to claim 17,

wherein said aromatic ring-containing substituent of
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sald aromatic ester or aromatic amide unsubstituted,
and is selected from the group consisting of the

following

_;_@ '_;_x@ij _,;_x@,
_;_@ '_;_@ _';_XCQ _'5_X®i> '

N N
_;x@;) ' *}\x|/ AT

where $-x7 is ﬁto/or éLN/providing an
b3

ester or the RS group 1s hydrogen forming a

monosubstituted amide, respectively.

19. The method according to claim 13,
wherein said halogenated fluorescein or
pharmaceutically acceptable salt or ester has the
chemical formula of one or both of Formulas Ia

and/or IIb

ITb

wherein M'T is a pharmaceutically

acceptable cation.
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20. The method according to claim 13,
wherein said halogenated fluorescein or
pharmaceutically acceptable salt or ester thereof is

rose bengal disodium.
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TR E HSY) A A EEEFEET500000 A, 3 EELHEEEITI500 A JBEHFE
AN %%ﬁkﬁ!wﬁ%m[ BRAEAELIANREE LWERE (AustinFE A,
Ophthalmology124(11) : 1678-1689(2017))
[0010] FEMAERSHARENEFEAERNARZAETREEAERFTUITRK
IS R HSVEERRR T 2 — MRS B TR EREIN IFE LB EREELN

3%
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?‘éfﬂ‘iﬁ%&ﬁf HihEZEXMAERE . BAE UWPANREEAER B KETIE
= (VzV) BERZTE RS (CMV) BFE % (Austin® A ,Ophthalmology124 (11) :
16;8—1689(201:))
[0011]  JEAZh#) GEUOmRFTK [ JE & (Acanthamoeba) ) L AE RV EREIZUERE, B
Sk REKRPREERE 7’%#
[0012]  FHRBHIH KBS L REIRTE R8BI fEF'@%W’TEP_JZ%Eﬂ LA SETE
FRRENAEFIL .- SR EMHFTERN ERAERRENTEREH
(descemetoceles) . XMHZERIR IR HIFHIGRE , ?H%T&Eﬂ'mr %ﬂLEriIﬁlV%aiL
[0013] BEHMET—FEE LEURTHRE-. EPE’%MT“J: B OE . THRESNE S
ZFVESRRIK R HEI R EE AT I8 T ETIREMERE GE- EE?WIEEE%)THLJ_EE
BB AR - T SRR I AR AR E!’]ﬂl”%“—arr% o X R TS SE
BT R BB AGIERENE, B2 5 B —MEkREEN AERZ ﬁ?ﬁii
RS . 2R AERDEAEDEZNE — MR AEME, 8 %75—/“%$
HI%%.

3
A

[0014]  TEEERIZETRELRT EFEER. 105 (it 2R ERIE IR #0E MR
HEFHEE -

wmﬂ MM AR R T '%kEMEm#$Effumﬂ#hﬁliﬁéu%ﬁ
aﬁuﬁﬁﬁnﬁ—ﬁﬁ; JEEHREEREREERERZ TN TURENE R, Flin
RE/VEESEEFLRFEEEERE . WM, BESTEAILBEASE T, BIEMftAEK
Jﬁ%fﬁcﬁr%%%ﬁ%%ﬁﬂﬁﬁ% VAV BREETL , N Z 1 EBERAIZZE.
[0016] KTRIRH A R EA R — BRI E e E R m M B EEE TERHA g EE
SEESEYSREER SRR ESAESE. BEEELSHER, BEEEREAM
:EEE}:C TEAERNMERNEL T, BERT 2B TEETARNRS 5ER B D AREAA
ERE THEEFAI R . BEEAERZTERNZEYZBEE FZEEE (AlhassanFE A,
Cochrane Database Syst Rev.1(1) :CD006131 (2014)) FARREEF, X L2540 AN A T A7
KRR AR, AN ENSEaE, R EERMECHARMNESRE, HEEES
R R I L .
[0017]  “THR” . “ERER" M “FAERE/AER" 2 ERIINAE. FE R BiENEREDE
VERFHSERERNE WS RS EAE TS fjai’]f#ﬁ@ﬁﬁ HEEESEFREE
N EESEN I AMATERE RN E SR BB AGEER , F AT
FIshIE ﬁiﬁafﬁlﬁgﬁﬁﬁi VABERR A fA] A IR B R B 5%
(0018] EEEE ﬁé%ﬁﬁiﬁ%&@ﬁﬁﬁﬁaﬁiﬁ’]r. XECRTE AL I LEF
%ﬁﬁdﬁ%ﬂffﬁ'mmﬁmﬁ 1B RHT . BB, BAEZ B KBS R S e is X MBI RY
FHER.BEANUSHEESREEREERRBIRIER, ENEE B EENET HiE.
[0019] ‘HEESEE JQD?IW”E'@T__»‘QWRT% MRE, EAEEEEREILEFEE
.25 IE4AE 27 MAFE (Haemophilus influenza) fiZ #5FKE (Streptococcus
Dneumonlae)ﬁﬂjﬁ_%é%’ﬁﬂ{. FERIMAERFRASHENIRRNEYEBEEER.8
FEMUERTBERMIER.
[0020] AFERE (MEMERER) E—MEASE, B ixFE BAETRAEL
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B AERERE TEERPREAM NG RE INREZ — X8, FFREY
300001 A= fFBEE % (SharmaZE A ,Ocul Surf 15:670-679(2017)) .

[0021] AEELERLESELAEEILNEE.EINFFRAEEEEE=EEE5HE.
GEBEREEEE. .M ARSI EMFASEERE (Pseudomonas aeruginosa)
(TeweldmedhinZ A\ ,BMC Ophthalmol17:212(2017)) AR ERIE (P.aeruginosa) =2
EREREEFSHEREAERE RIRE LIRED.

[0022] REW TR, BEIERZEE NI HNES AR FENGTE RN, EALER
TMEZMHE EUMFEENEEEFHEIE ORSA) ) FEARRIEME A5 [ERE. =
Fmiz L (CDO) b 11, B EH 200 5 N B 5 1R - TRIRE , EEE , KZI80% K
MRSARJER B3 EHR N I B AIMAE R L EEIEFREAN T HEEM A, (AustinF A,
Ophthalmology 124 (11):1678-1689(2017))

[0023] BHMAEZEERNEERT HE . FEETEEFEREEERE (/)1 2F
TRV E0. 3% ES IV E0.3% , LU REEVINN— R, EZER) FIE—TER
RS EEE /LT EEAE B/ 1 - 2 IR -LTEMS % K AEZE0.9% , 1
ZRAR/ N, SRIEARIBIRIT R LR/ D) X 75 REFEUAINER , EEEEIRERE KL
FHEE R NRARE S . SER D EEL AR ERINE & AREMHIARE . B
B, et EEAERERIRRAEMARSEZEN G . RRHABEN EXNTHFZEE RN,
/NI BYTERR IR TT 2 — M ELLEERI T R -

[0024] EEZEATARRE LR —&AFTHAES . F/LUHEL =T A, EARERIRK
MEREBFER . ~FIEH, £50.25% 0. 5% EEZHRAABENEE 1% SEZRER
MSandoz Canada Inc. AE R E"PENTAMYCETIN®#%&.

[0025]  BRFLFREIFIEAGEHIHHEBNAE “G3/NT S EME (WE L) RS EER
FREEE2ERAAR -REFIEMERRIRBAE : “B3/ NS ENE WE LR F%
BRAMBRERAVERE. " AIE . EEENEEERAE. (TR E.,
PPPENTAMYCETIN®,"PENTAMYCETIN/HC®,Sandoz Canada Inc,{Z1]H£f:201846
H14H) .

[0026] RIARFERIMEAMBIEF 2 AIERE TR L7 (ZhengZ A, BMC
Microbiol 20(2020)) . %0, A EEMEEM R NHINAZEZHNILE (GinimugeSF
AN.,J.Anaesthesiol.Clin.Pharmacol.26:517-520(2010) ; flAmmermanZ A,
J.Antimicrob.Chemother.72:455-461(2017)) .

[0027]  E(FELL (RB) R —MEARHIECRABHEREMTEMLEY, ET10HEEREK
AEFEEHN BEEERAEFEREN (EHRL1055) (MizutaniFE A,
J.Environ.Public Health.2009,953952) . B E{&Hl , RBEEZXRE (V&M L ERINTEY.
53¢ FM8t ,RBEFF MR FINI X £ : ISR E MV E .
[0028] 1914FEFH KA T FHRBHIT AERRRMHBIM 12 (BT REET)
(FeenstraZ: A\ ,Ophthalmology 99:606-617 (1992)) .RBjE## 5| AMEH—FHE2 Rk P 56 F
HIFENT R B2 M B F B BT (E R 100me FIE F B9 A EFTAERITHEERE 77 (Wachter
Z A ,Lasers Surg Med.32:101-110(2003)) .19714E,"'T RB (Robengatope®™, F{ 78 4T 5
PHESHRUSP) HEE & R MW ERER FDA) MERTHET T2+ &

9
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(Baroyan= A\ ,Eksperimental nava Meditsina (Riga)20:74-78(1985) ; fllMincevZz A,
Folia Medica(Plovdiv)16:35-41(1974)) .

[0029] 20094, HTHI T EFHIRFAER 577 %  E Wt B AT E4398 , RobengatopeH]
i EBracco Diagnostics Inc.1lETCMNEETT HHIE T RBiZHT =5k . 19744 ,Barnes
Hind Pharmaceuticals Inc. (Barnes-Hind) J&EH T /KA A1 % RBEJE T 22 =54, F
TIREAER G I AER BESE RN T RS RAENERE F R Gilger®
A,Vet.Ophthalmol.16:192-197 (2013)) . 19814 ,Barnes -HindfEH T HTEFERER]
FERIRERARKSE . BEAXMMZH-RERE T EEERMAMERER (FDA) 1Y -
TR EENEA R LR (B 2 TFDARYIER B EANME , A RAIRAS SR AE S
BRIE RS ARFEME.

[0030] I Z%RB (FTEHH & B A 1E80 % ZE95 % RBY A&, A& B3 N FiAE R
Z4J50) 72 FiGnehn 7 19t 2280 R LRI A 2 T2 fiER - 18I0, AT 2B R FAJRBE
—fhEH — AR ZERB (PaczkowskiZE A ,Free Radic.Biol.Med.1:341-351
(1985)) . XEZ552 (USP) ST ERB 973 T i - RBT-2019F NUSPH#50%  FH I , B 1 2%
RBEEFLRIZ T AIG TP R B R B = et . I, HUERB H T8 7T AR 7 R ERAY
mEPRAL.

[0031]  SingerF ABYEEEF|58,530,675.9,273,0227509,422, 260 A FER & S
E A RIBGRA, USRS A B R UL &9, BT (b e B B AR X ZRREMA
FEHENRZNRE, IR EITHINEER . X EMERIF AN " IRERE.
[0032]  ¥FEA (RB) ekl (4,5,6,7-DU-27,47,57, 7 - W) EWIERATHTISA
TREZEME T EMEE MakerZ A ,J.Clin.Cell. Tnmunol.6:343-349 (2015;LiuZE A ,
Oncotarget.7:37893-37905(2016) ;PatelZ= A\ ,J.Clin.Oncol.38:3143(2020) :KimZ= A,
J.Control .Release.156:315-322(2011) ; /1QinZF A\ ,Cell Death Dis.8:e2584(2017)) .
RBEO N I iESEHEE ESZ EIRE (Pérez Laguna® A ,Photodiagnosis
Photodyn.Ther.21:211-216(2018) ;Uekubo=E A ,Laser Ther.25:299-308(2016) ;AnjuZs
A,Photodiagnosis Photodyn.Ther.24:300-310(2018) ;Gavara= A\ ,Front.Med.8:494
(2021) ; JoannaZ: A ,Front .Microbiol.9:1949(2018) ;HiroseZ A ,Arch.Oral Biol.122:
105024 (2021) ;DaiZ A ,Photodiag.Photodyn.Ther.6:170-188 (2009) ;GhorbaniZ A,
Laser Ther.27:293-302(2018) ;KimZ A ,J.Food Sci.73:C540-545(2008) ;ManoiZ A,
J.Photochem.Photobiol.B.162:258-265(2016) ;NakoniecznaZ A ,Front.Microbiol.9:
1949 (2018) ;SabbhiZ A ,Appl.Water Sci.8:56(2018) ;SantosZ A ,Antibiotics 8:211
(2019) ; fiWorzellaZ A ,In Cancer Cell Culture;Humana Press:Totowa,NJ,USA,285-
291. (2011)) -

[0033] {40, DeesZ A HIEEEH]E8,974,363%F T 45 10uM- 100uM (EJ10pg/mLZE100p
g/mL) BIRBEELHI75500nm-600nmif FR RIS RS E & FE A, N T E =R AR =K
PRIET AR AR , BEXCR . ERES BEREN EIRE B ARER.

[0034] NaranjoZ A ,Am J Ophthalmol 208:387-396(2019) 3RiE T XT18FIFTARIETT AT
R B BIFATIE B A AR R B E BURREE (F ECR At 3 U&7 i% (RB-PDAT) &
H0.1%E0.2%HFRA RB) WASYIN AT = R CE AE30 51, A F Fik ELEDIRRY

10
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5.4]/cn’BIS N ERE5 0 S PR R B (—FF KB R ) B &% WEIRAED (10/17;
59%) , EREFEHERE (—HERE;4/17;24%) SRGEEAE (—ME LR EEAE 2/
17;12%) MIBTBEE (Curvularia spp.) (—MER;1/17;6%) A R—&GEFREHZH
MAEMZZIEE IERE, ET2% R FIH s Th3EFR T RB-PDAT G /aiTiE AR E
R) ,RB-PDAT/EFHIGIRIHE (Bt B AR IEYER BB MAE iR H46.9+
26.4°K.

[0035]  AmescuaZ A ,Cornea 36(9) :1141-1144 (2017) {5 T 7£375nmE518nmFR 51557
HE. 490, 1% BIEFRA RB) #CES , AT A R AMIE 2 Efm 251 AR JJ I (Fusarium
keratoplasticum) EEAEK .S RESNIMERE ARG, R LA KRERBELE
AEEEZRNFETERLNER AE L E3005 8, SR EE A518nnf 3T BE DIIRE
0.9]/cu’ B RAEERH T . RS 36/ N EE 2B EE . FEAES EMEE T X
B BN/ J6T BUR B IEMERTE 75 L&/ T K2 1mn.

[0036] TERRSHIEITEEI3R.EEM/L-FIER, FFHT T B2 REFELARBES AT
(1.8]/cn’) E/BE L ERIAITE , BIE—RRBIATT EHISH246 K, BERIHATE
FREVEE B ERIRE BRI A MartinezZ A, Cornea 37(10) :e46-e48(2018) iR
1E T AT EERRERIEIAT T -

[0037] HaliliZ A ,Am J Ophthalmol 166:194-202(2016) IR | M EFFAE FFIMNEE
SEMEEANEEagE5E MRSA) FTHENFR . EFHEEEFLL0.1% A0
0.03% 1A RBAE = ZE/KHHIRB, TEINR E A IE T FRET3097 #4, AEELEDSRSE N REST347 84,
PARHES . 4T/ en’ AR B R AR S AR EE A TR AR TV AT HE RHN
FMMRSAEEFRRI T2 A KM (1) TEINFMEZELEDRR ST TR MECRAIRE M (2) 7L A0S
FEI0. 1% B EFRAIRE . ERREESHET,0.03% B HFRA R s BB T2 iE] L (EXf
ERIFMHEIAT L.

[0038] ArboledaZ A ,Am J Ophthalmol 158 (1) :64-70(2014) 5 5IiRE T EFE 5
(518nm3;5.4]/cn’) MBEEE T FEHARBAREE AN EE L BE L EE D EREE
AEKIE| R TIEREIEE (Fusarium solani) HHARE (Aspergillus fumigatus) f1H
27 HE (Candida albicans) B9 Bik. FRILE T1ZHFRBIZUE-

FIRHEKRIH TS
X L RB + 518nm M4 1% RB A2 518nm &4 AARH
[0039] | @ skt 78.242.1 7.3£1.1 | 6.8+9.3 9.8+4.7
1 vy 79.8+9 6.6+0. 0.6+0.2 0
b eELKkE 95.6+3 42.243.7 |35.6+6.7 24.2+2.6

[0040] 0 STATATHRY, R R BARIEF EREBE M E E E 5 REAETT M, ZiET R
BHEERZEICEN N Glnsiari2 A E HERBENN) £/, 2/t5WR Otk
7O HEERR, Frid S &= E R A ST ERE .

ZARE
[0041]  FE—AAH, REFRE T - A BINEENRA AT, i E=88

11
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REXE GtR) EWNECRA S EH 4% RS A BER A E &, it s X
S4E GOR) ELE RIS SEERES S S K ER M EE &, H ALY
0.2ug/mLZE2750pg/mL (5££70.00002wt . % E£J0.005wt . %) BIAT AR T BEAENIRE
FETHAAEYT . EREREEA, TAEE6MEE 6. 5247, 68IpHER L
7.0 47 489pHE (EF BRAHE EBHA S Eit— > aiE i fE 2R
it , iR AR R TR

[0042] FEREFHB—NAES, A LABSRAEEWATESZSENHEIL MR
= ESEER FAEEORER TRIETT AER ERNENM R E G EES RS
IR EM R EREN EERE F GEUERRE—FEAE  AEERATHERE
ERGEENHIER T EESS/ NS EA 12/ N A& T RS EREIL ISt E
NEEZ BT 350 . X MET A RBEEE SR, ERAEYRRE 7R

[0043] AR SCRT A, 5E1E Ottt Fon Al s B ERER FHE & YIRI A S R B — TR ZFHRY
FAF R AT ARIBZE X BT S R KA AR RS TR, HFEFERE
RIS RS IR KBt TR E LS EERZ AR PR 57 s BRI AR X Tt
20 TBSRIRTRMI L2 B - B8R BRI 2 2 B B35 0 AR AL .

[0044]  RE“ER EAFEICMNIC ERXFRATRSERATXERRERE R A5
ZZINEN AP P AN R Ei, S, A &RE, ERRTHRE LN E
ESARE , AP S 25U, IR FE R B FREEA R A IR AR AR S
N THE BRI Z R RN RS FESH AR E R .

[0045]  REILROGHAEMIRFI AR AR RS BRI E ki, R R AR SR, FF
BRI (e i R X IR PRI -

BRLmAR

[0046] FE—ANFE, RKEREET MM ABINERNRN AR AT EEE
REXE N R) BUECRASE A% F ARSI BB A A &, Friis
FE R BEAE F A SRS SRR RS S S KR A E R &, FEHILY
0.2ug/mLZE2750pg/mL (5££70.00002wt . % E£J0.005wt . %) BIAT AR T BEAENIRE
FETHABEHBRAE Y. ikt , TR (E2RE) BIRE H20. 5pg/mLE Z)20p
g/mL. FEIE ISR, ATk 4B & BB 496 . 5497 . 6FpHIE , B LE 297 . 0Z 297 . 48pH
B (EE ERIIPHE) & ERIHE WS — S iEEHE A E 25 .

[0047] (EEEENE,52ZE/1TtENaranjoZE A\ JAnescuaZE A \MartinezZ A \Halili
Z \fArboledaZ \FIiC X E BRIHFEAAIRERL R ERAEMEEZIRES+5
Z—EATA2z—BIRERE.

[0048]  EE{iHl, R FFAEBRRIER , AT B R ER B D BB EEEERRAN- CEHE D55
ERAR BRIk R EMELRTERB (1-0) M- 1—-3) FEERER.&
BAJER A A SR — LIE AR . 2 R FI5k 11, HE B TESE R A &R K SEREE
REE.

[0049] FERKBRIF—FE, A LAESRANEEYRTEESENEIL ISR E &
T HEANFETINRER LB R TRET AERABERENRE G EESRE

12
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FIRUAEYIRHRREEIREAE L B UERRE—FEME . RAEEIFRTHSAEIES
FEJCERIE R T RIFL3/N Z 212/ BIRT [B] R AT iR e T B B ER FL ol &
NEEZ BT 3. BT R AE TR EFEC OB RS TR EFEI LR
BHE, WA EEAEER N E LI REBEERTTHRIZET I REFEE
ZIR, BB R AR -

[0050]  FEERFIZHAE &Y

[0051] KRR FlHEZE

[0052] GRERIAEMFER GREE D KERMEEE, BT M5 AR BUE/KIERR
FHEE & AT B &R E RS = REK, 1B 20USPEST R E K.

[0053] ZAERVAEEMEE E/D—MEFEF (builder) BIGHEF, BTk BY A& FISIEHE A LA
BETHERNEERE : £10cpsEZJ300cps, TiEH Z730cps EZJ120cps , BRI
50cps E#J80cps . R EE M HMAMA ZEZF T AL A e iRE—EIEREER (B8R
RREFEF R R &4,

[0054]  HmAMIN BRI —E A SEGYN0EE % E2)2. 558 % . B Lot , — M
EFE R0 AEEU EXNEE% . B RIA _EHA 5KEE.

[0055] RET &F —Mel Z MR AN B BHRAE &Y, FrkiZ BeA R 2
DL A 254 & R 21 270m0sm/ ke Z £9340m0sm/ ke 155 E (Osm) , 3B iz EEH
£7300m0sm/kg 2 325m0sm/ ke , ERECH NEREMANZEERTEE.

[0056] 1EiT/KIAMERIEN B BMENS Y BEREMER LN EE, FIUREEDE
SBEE. A, BTN, B THEEMNEEREEE, RIE AR ERN L
7R MBI ARFVAZI0. 1% 2272 % BNIRE FE R B HPL290. 5% Z 241 . 5% HIiR
B EMREIILIZ90.8% EL91 . 2% IR E TR R NEH L0 9% IIREFE THEY
H K0 NS H9ET12:% FE /9308m0smol /F-

[0057] LEZHRTHISREHIARERKN, IUFEREEL2%Z25% AT ES
HEVIFRZ EEKER AT BE. &8 2% M5 % S FIREREB ST A HEEES
B3+ & #684m0smA01711m0sm (YorekZ: A, Invest Ophthalmol Vis Sci.57:2412-2419
(2016) ) o XELZEAFE BH 14 F= A i Bausch&Lomb (Bridgewater,New Jersey) VAMurol28*E#n
HE.

[0058] {57 +E%F (CZE%) (PEG) 1EUAPEG 4005KPEG 10007 LA A 4E & 1R HLiEIE FIT
TEREKR—EEE B TXERaMEZ BB, XER SR EimEN D ErzE
FE R TREREAEHFENE TAR, k7 TEPEGR sE NFES AL Ing/nLE 2]
10mg/mL7ELE .

[0059] ANEMEET R — M EEEEFHEINERN S XHNEEFFRENMEYRIEN R
dFHEBET MMABEEEEENC 106, BFa 1, 3EBWMEI . ATEBE HIRE L
B (NZJ3F1E /REIE 29200015 /R4 - T E 58 7%J40000kDa170000kDa , B JH 7
T A TEREET# 7 B A A TEEET 40 A HEHEET 70,

[0060] HIERHa-1,450a 1,68 ZAVKAERNEHERE IR MEEHRIENTERRD
KRR EY), A E B TR .- RS B ATERE SHEX 5 7k g R H
a 1,480 1,6 B EFNEHFHER &Y.
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[0061]  ZE{UFPEG, FET R EHA G ATEE BB AT B E, A2k RSN E
HEVIHEEE - ATEEET Al VUONBREE R E—LE1E , HF AT DIAFE, 5iE PAZI0. 5me/nL
Z= 292mg/mLIF1E -
[0062] JZ%T*E%,K?-*EﬁﬂﬁmJLL%%Hﬁ,K (CIHEMIRIEER) 2 3 —MIEETEEES
CRUTATeEeET  EeHAEIREEF R TRk A, HERA B, HEFE
] %Hﬂ_\EE@%?@E{J%&%%E@;@EJE%’lﬁEHT BRIV 2] Ing/mL E 2] 2mg /uL1F 75, 3F
BB 2] Tng/mLZE 2] 15mg/mLF7E .
[0063] H—MEHEETEERRRNERESESR HPNO) , WEARRFAER
(Hsplomellose)EﬁiL_l:&%i EEEF 55,679, TIBHEEAMESYH A UIFERSE
T TRRERIE 177 fE sk RE | t&% T FERHNZRNRAER FEAER ROFEESER
[FEE. PR EFTERZAERT0SEEY ZIEEURFEFETMI AEEURIFE
LIEEE.
[0064] B—MUKZEERFEE TR EMERENERLEFER HEC) X MR LS
TEH, 8My TEREARERIEEER/FERvt % . DNatrosol 2508 SR H &Ry
HECEJ—~3EJFEECovington,KYAJAshland Specialty Chemicals.
[0065]  DLTE 5 & Refresh® Tears® 1 Refresh®Relieva "HENTETRELYHEE
0.5% BIFABS TR R EZMIENIEERS . M Refresh™Relieva” Pk th &5 0.9% BT H
HIE NGRS TSI 7 SAREANKFREF ZIEEER S —EFE. X L™ H
Allergan,Inc. (AbVieZ &, North Chicago,IL) 5E.
[0066]  FBEAFER (HA) 2— AT IEMBR (LB G, 2o mTEFEL . LRES
7FD?$’ HAH L FTRERRRER E D B EERERAN- CBE D HEBERARNEESET
R &Y, B TERR 1—4) FIB- 1—3) IEEEEE. CEERRET EhER, EUJL
EIEMERE, FESFEAURINE A ETH.EATEEETH. FEE M TESE
EBENANERE, BTV HART A& BRI A & PIRS ﬁﬁﬁﬁdﬁﬂﬂ’jﬁﬂﬂ
[0067] F—FEETFIERER GRS BARK S BER B EA AT XM R AT LA
TH%TE}MF%ﬂ IRAERE, URBKFNELATEEE ‘E‘ﬁ%LH’]/TI‘J*EEC
[0068] BB O HAM SERENREEMESER, Pﬁﬁé‘%%a’ﬁé%%miﬁﬁﬁéﬁﬁ
Eﬁﬁiﬁ;ﬁﬁﬁﬁkﬁrﬁrﬂmfﬁﬁﬁﬁ%ﬁ&%,%ﬁﬂ;ﬂ:ﬁﬁﬁ%%T EKIEEE B
[0069] R ATUAGE FHEEIAE T, & W& R AR T BRI IGER | Eﬁ%?ﬁh’é@wﬁuﬁm
W, IEEEFS3,074,852.3,330, 729704, 226 , 848 — IR sk BT H /K IR BEA IF
BAEEER &1, fAl20Lubrizol Corp. (Wickliffe,Ohio) A CARBOLOL®934P NFE{974P NF
AR ERMR . X EM LR ERIGERE (FUWEREEERGEREERIUE) TR
BRI, BN REFI BN TEEEV=NERAE . BIRE  XAMERE 5182 7K
AYER), B ZVL0.5EE % FER, TEpHE AT . SRR M E . 934P NFEEAHE &, M9I74P
NFEENEFIRICER BB R & -
[0070]  5B—325F RAEEN R —MKIARKIEENA T KRR GIRE &4, Brik 2Bk
AIEREEMEEEEH53,202,577M4,615,607THE#R , FEEXEFHEHA AR
B AERIE A AP AEFT 7] . XL R S PT LA SO ZE D aoéﬁv I BIGE AR EEREEA
MZ0.05EE % E4)1.5E5E %ACE (Bl3,4- —8E 1,5 2 2EE2,5- —FE-1,5
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C k%) EREIR N1 2R & RIREE A S YIRIpHE T R 2/ DES Y.

[0071] XAV R GV A SRIEITCHRGERREY . THHET AFEEUS
A 100E & % HY 2 ARRIRI R B

[0072]  BrT LAPIMA SN, EVHIT R &R EEREHNEFENMENEE £,
B A — M ZMRVERRIC, C IR ERE (B URGRRCE R ERGR T EMESRE
B ; AR ETREERE LIS N TEEIENN 22 3 mETHIENGE,
BHUHRERAGBREZLE ARREAEMUC _EERGRE; FERGERE . FEEEX
HC, CEEEMTEEMEY, BUN- FERGE R N- T EHERGB RN N- —HE
PAELRR ; RO ARSI E AR 5 _ b &3 2 E et By B AR AT BR I TR 8925
V). WA R & Wi e N R BB AN AR B B R B AR 2T B 7T /) 2%

[0073] A SCAHRERBIEVHIFI AT ESERS AT E NS ECERRBR_FTE
ZHEHNBEEREEAFE FRLFUEKENRFRE  FETEIRREFRARE.
BRI L ERTE R EIRATIE MR E T & AR AR AR R IR & 2 MR ATT
RESEREINEEE N

[0074]  gmETATIR , AT AW RE R RT LATEKIEN BT R & - e B SR BR R, KIS T BT 2
& B GEUmMERS FIEARIR.

[0075] WLt E&ELEEZ VFHMIIE.E—, RN TREa N RNEE, FEEE0EY
FER AR R KIS T IR E L, T BT AR SN AR E . 2, Al 2 BER B0 5 F
DT BRI KA T BT BB AR, WITR(E T R & MEI . 23 JLTOKR R &fE ,
VIR FIEE S E20.5% E41% Rt S BEF-

[0076] ZE=EEF|S5,221,7228F T M BRI R RKENGFIS 2R EWEEER
SIERM _OIGE L —BEREN &03,4- —2E-1,5 CEH NEE T, £ BERAMNE
B (REFEEL1E6NRET) BIaAFR Gl & B A N SR RRIEREE
VIR RS, R E ST KRNE R 1 EE % FERE , B/ NS E, FEAE
#23:720000cPs

[0077] A THIEREVER e REFIEABSBRAIT R, 20— R2EHNEH
S5 SNV RRBRLESTE A IAEE B EYH M. LG+ 8E9. 855, U %
SEMFELREE (BEEW. RLER.. CERM=CER; ERER; LT R e8I
BARSBRTRENFHE TR B . ik, B24E& FRF0.1EE %R EF AT
A SRR EIp R RO AL BBt AR SRR AT IEE U MZEAI0EE % (TER
/INT235%) RIFRESCEE .

[0078] JEIR:E. LA EAIRE T FHRE/NT10unEIR &9, FEFAEE 6355 X
(ASTM-E11) . FiA—ZF E RN EELubrizol Corporation,iZ/ &L Noveon®AA-1 B
%3E,USP) BI EIRsE EZ R e ETEZSHE.

[0079] {Ef L AR EMIRIBERBIESE & E AT/ SRR IR ER =
At FTREEWHEREEFIAR, BEACNEELRFERMAEYIMITEE /1. 85k
R, FREREE NEN/BREDHTENE.

[0080] IHEZRE FHtH)

[0081] ZERIBTRAEGMHIKNNERE R LEWATUE TRIMLEY, &
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AR, JRI7HIZFC1.\Br.I.HELC, C /75 R, R, R FIR I HIECL HEK I , R ZE/D—/ME H
R, R, R RATEURE R T ; 3 BRJHTHZHELC, - C fE R, RHEIC, -C S E R 2HERC, -C,
BrE; MIATE (0 EEFAE; ) [BEFEFHE, (o) 132 (F30 FrrsIEsANER R, (@)
AT REINEE T BT B & T (o) H 25 A2 ETER.

[0082]

£V A 2

l0083] i FHEHERERELIT Y, Bl MTEER S ENE R ERE HE BRI
HEREE . AR TE T , FAR 28 RS EAR E SRR
%, TIXEER AR, R, R AR FE S RBEURE, A FRIFIIIF R E TR A, XEER
2, “n” ROR1, (B LXRERN , n B0 E R EER, 4R HA R 13 R . X2 8
AR B DL AR 5 0 W (EE5E FTRSOMET) . CEEMATTY
Y HIAFEFRIRURE . X R A, RFIRAEE SR 3 Bt B L TARATE £ .C,
CJEE AEITHMNKE, SR RSB B AR T — AT 6 eI, LR A EF A
R AFFTRAUER & B556/ 5 REIEIT. 55, 6506, TR S RIBTT AL, ik 2 HFF
HIBEEFRAA B0 NHANRFET , AT E T R E5H .

E A
[0085] T ETFHEAR,. FEESRBBEAM AT EETED. At XETEYHEEE
NSTCER6TT S IRELS, 6- 56,6 - TS HIS IR A HIES B BZ (fL5e s BUED) FE AL -
[0086] RHEFIFHURERI SRR AT AT

16
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DRI R /L?

N NN N X N\

[0087] .3 J// e Z @ e 3 Xl/ F ;J/ NS
_@3 TP S

[0088] ErH 5}( xe-é‘__c/ Sé"' 7 BIR R e B AV B R -

?

[0089]  F7FE4T (RB) E?diﬁé:@ﬁﬁﬁaﬁm_aﬁ{t%@ FHRE_HE ENLEEIL -4 [RBD) £
R IERIRBIL &1 X e B TE AT AR 25 BR 14 1 A TRBIL & 47704

[0090] EFRLAHILF &R E4,5,6,7-TUK-2",4",5", 7" -TUBSE & . — MR TR
R4 — 41 (RBD) BBV T £ a:

[0091] IIb

[0092] Z=E%#]58,530,675.9,273,022709,422,260711¢ T & E ALK EHES
T (EBWECRA (LERI a) MR - TOE2E Y (EERIIb)) BIE S . EE T H 55,
998,597.6,331,286.6,493,570.7,390,668F118,974, 363/ FF T RBDTE YL(b FE BRIATTH
IR . (it , RS R EIPEE 0 24 Na) 58 K .

[0093]  ZANEEFLARIRIE “AEE ARSI M A% FaES I’ a6 25T
FEBNEATENEST, EUESE Bt 2 EMEE, 8. .2 .55 0L %
SRECSEL, TN IESRIEE Mey A EF & eV BT FREEE FHLE
BRS8N EP BRI RNRER BT SEEMIERANETEMIEER
A A& . R PR F R Rt R A TR ARG BHRAEE
Y.

[0094] BAEEPHEFIEER T AR TASYHELRE G5t E sk fluorescienate) £h. ik
Hh, b 2 B ECE — BUREE T R R0 B8 45155 2L . 125 71 & EBerge, J . Pharm. Sci . 1977
68 (1) : 1- 195 HHAE FARIAETE | EZh= ) PR BB, AT BR AR S 254901 & 907
AAEFE E AR

17
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[0095] IS RNBTREERENREFETHGYH . EEFEELEA,BTAHE
REIREEBEHRAA G A 2750ug/mLE #J3000pg/mL , fEEH1Z]100pe /mLZE £72000
ug/mL, E % #29500ug /mLZE 21500ug/mL, VADRBI £ .
[0096]  EEIH, an5R {5 FERDRBLASMII K Ve & L I I & & TDRBAYS T & (91017.6g/
13%5 DR B, RO FEVRE O ERVRERR, 5 FE8 51195, 2578 /IR
DTEEFNNT.45% B, 54 ERIDRBEFEL , F(F AR MNEZ A R S EE Y
j]l]_./]]_f A45% .
[0097] BAERIKRFEN RN EYEWETRAE UL, BEF2. 52701 . 818 9pKalE . JLFH
BRIt E R pKaEfE TP VA EBatsitela® A\ ,Spectrochim Acta Part A 79(5):
889-897 (20119 F) Tk F|.
[0098] HRERE FotHR) WA YRIpHE R PIES RIS AA AT A Em &
EF B TREERT . AT LB A B s R R 2 P A & A T oHE . B T E
B GND R EAE PRI ETERE AR THREER G R) IREM/SEER
RE) A& YIHIpHIE Al BE N3 B {5 R4 A/ soHE A 15 77 SR T, B iR B 2 2R
YN, LA & 1— B it RN AR, FIA0/E R -
[0099]  AbelsonZ A ,Arch Ophthalmol 99(2):301(1981) fRiE T MEBHM4EEEZ R EL
TEENERHE, TR ZIpHENZI6.5E497.7, FERLAT.0. Hit 1FBHAEEY
it B £96. 547 .6 At 47.0E 4 ’.453pr§°
[0100] FIRERIRGA S A EEEABEREN, FEZHEATUAEE TN AA S
e E A, R E A SR REREESWEERS E 5 UAR TR ELFHE T
REZXEES T@J AT BB B AP R FIAVIRE M S | PR B AR B e R B R 771
HAEESMAS YA NS EREELER.
[0101]  —FMEERRTT T ERT BT EEZEIL SR E . EEENEIL 2
HIERE BRE (B AR RS E W s R E R B FLeh D XM RIE & 2 b B
I FHH R E R 2 E =R AR .
[0102]  Z{lEEREREAT I EZ KR BEAE G E AR A ER £ E g 5K
B.EEEEIE (S.epidernis) -ZEf7HFRE (B.faecalis) FIREZFKE (E.faecium) HEJ—
ek 280, DL AL E T E (Bacillus subtilis) JEEAEZEJIFFE (Bacillus cereus) 1
EREEFCE (Streptococcus salivarius) FRET—FHEL 274, Bi47T (FARZEAD) < ECRATER
B, B AEAREFE TIREBE IS AN s L.
[0103]  —LEe = (R PRI AR TE AR SRR “TUiE” sk 25 1E” st HEEiE
TR GX B D" B IEA RN —ME ST 297 S RIe T BT /T 251 , ATk P
YT RBE R AANECARENAEAREE T ZENAREEAEEH At Bk
E SR Jik, L A B, B NEEEE KA (S.aureus) REHHKE
(S.epidermis) .ZEfAHFKHE (E.faecalis) MEZHFKE . faecmm) JUME RAEERE S
PAEMAERNECIERE M aE T HER  HEANNRKRE
[0104]  TR&AE T BRI G ERIBT EZ K IAEAER, ﬁﬁfﬁié& FRIEAHE Lt i 2 A%
E/RERHE Burkholderia) 7P TEHE (Salmonella) fIZFAFE (Proteus) FRE)—FEk %2
fh 7EiX B, EARBIL &P Z910ue/mLEZ100pe/mLAYIRE , 7+ Btk L 4520pug /mLZE 2550
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ne/mLEYIR E A RRE 73 BV E T 7K ?%‘/’HA%EF

[0105]  FnASCRr A, ERE “Te " AT BI86TT A TR, B B E SN H T BRE

REVSMREE, EHEEEZE—E EE’J21:3\{Ffﬁ?ﬁEﬁﬁﬁ*fl-?ﬁ'ﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁi .

SURT L T TEREEMNTE AR DR EH , A5 A SR VAFRFHA &9 e ia T HIER

FKEUINRTE L -

[0106] LT HIE

[0107] (BRI HEERFEEEN XA TN AERES A ENEZKAMARE

ISR L EMIRIE & E R F REERAE A L &R RG] B E KR E

B ERRBIEH T & T2 ILai sl E , FF B T DA R MR K IR R A B i ek

WEIArANE B TR -

[0108] JtfE ., FRTHRBEER LA FEICOCEIER T RIFA/NNZE L 12/NGRY

BRI . A, B0, FEfE e , A & RREE EEEIETT IR LI EE R E . AR =

RS SR, EX R ER_ ENERTNEREHTIET

[0109] F—EHEHEFR, E=RAEARMAEFEE TR E Lo L 8U&r (Bl

29 FRE AR, SR FLE M AT LB R R T = R PRI AT B, AER AR R K

&l (Streptococcus pyogenes) B, Bk FHF A B BEMAT T UIEHGF ORIELA T .(EAE

BB BYE T O fa Y = ER PR 4 e R R T -

[0110]  JERTRISRIE LS AT LR REEDW GBI R GEEEERKER) &

EWEERESE (ERIY GEUWRR NRER) S ESY GBIl VR D) JBiE R

W GBI ASF L EF VB LFEENT .

[0111] L%ﬁ?irﬂ(u’@ﬁﬁéﬁé”%ﬁ’]ﬁtﬁﬁ EERTHAEREER (B BV EIFTERE

B BT AL, IRIEEMEES e T2 R L A AT AE— R A

BEX.E8.5 A5/ BEJLENRRERHITSR.

[0112]  FZEZ5ERTHES ARRES, AR EBRE S B B4 (B0 &

FEi5) BB DA AR LR TiE G, LR G S L R RIS M e INECR LT AR .

[0113] #£E

[0114]  EZ5RITRA (RB)

[0115]  Provectus Biopharmaceuticals,Inc. (Knoxville,TN) (Provectus) & HE W Z%

RB. 3 K—M& T2 k& & 4 5 BIRBIEA 254 AW, B T Rk BliE 3 B E AR

BRI RETREE—NE SN ECEVR EREI ), ERBRIA L R I T —Le 8k

hik o

[0116]  EHAIEICRE , BLERBABEE U= H B BIERIE 250 F AN 8 PASZISFDAR
HE 2 AMBEETEBIIGERIT ZFEM Provectus (SingerE A, EE £ #58,530,

675 EEEH59,273,022MEEEF| 59,422,260) Fir T —Ffh& RS ERBEIFEL L4
BI7 1 X TAER— R B A R R EPR 5 T BB B BRI

[0117]  XEEMa G EC N AT R FE~HATE (GMP) , &A= HEZ5%RB. iX f4RB,

PV-10%, 27 MProvectus3BRITCEFIE0. 9 % IKEEL K (EFE LK) AR 10 % EFR A —

7 (RBD) iAR , BTIRPV-10* = A\ B I RERE PR AFEE2 (The International

Council for Harmonization of Technical Requirements for Pharmaceuticals for
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Human Use, ICH) B35S T Hli&HT, F B & 1T A E A A ES 59075¢ H - EZAZRRBDILFET A
EEFEHEH (EEEF]S59,422,260; InnamaratoZ A ,BMC Cancer 21:756
(2021) ;: ThompsonZs A ,Melanoma Res.31:232-241(2021) ; fiSwiftZ A ,Onco Targets
Ther.12:1293-1307 (2019)) , BZFFJy PH-10® . FIAH 7134 2 FECGRZ 51 (RBD) {Eyid ik
Ay, B A NETRTIA . B AR T ZEhIME AT LA RiF S BOR AR AT i L, AT UAR S
# H “RBEMET 5= _ L AT RUBOR A EL By &R, &R “RBD” & [ 1feBUR — .
[0118] &Y

[0119]  RRERIHEDERARAE RS EFSKE  EEERIT , REREA
B, F B RAHEE (e b R 2L I PR

[0120]  JLAWI5/NEELBENE THEGF T RBEIFTIE G E (3 IKurosuF A,
Molecules 27:322(2022) RE 5| ) -RBEIFEEN 71T E=RIN AR T R, BIE1EE
PR FHE HIEREER DUTAE . SR, RBETE & R RN AEMERREED B
[0121] 20 biRKurosuB NEFH T T EZHRERBEAFICIRE G2 . LEDAMEYY) R E
G EEE=ZKAE  EERAEFSEAR (8155 BT HE E Mycobacterium spp.)) Y
— RN AEIE S EBRE. A E Rt BE R E RRIBIR I/, (ERBTE 2
B Rt RIS 1 .

[0122] FRERAFERERANEYA S ERBFONEEE. B, FZRTIEILS
S RE , ENEE HEERE R TR ETFA Lt/ fth/ b TRIBREE Z BTRI0ZE 25
SENERTTEE AERNE BRI EEEY.

[0123] A _LitKurosuF ABUICSCRATRRITE BB S T B =R ER96 7L, Bl IE 7
PR EABE SR A ERE E 24/ N (h) B[R BGR SRS/ MR B (MIC, Plpeg/mL A&
) ICEEVL TEIF.F1HEHRIRBEHProvectus Biopharmaceuticals, Inc.
(Knoxville, TN, EE) REHIPV-10*BIFEEI A (SingerFE A ,EE 58,530,675,
9,273,0227%09,422,260)

[0124] %1

[0125] B EFAFREEREN—A7ERE EERAEAENEZKIBEAEEIIMIC

20
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::_ L EX ] MIC (ug/mL)
1 A EF A EH ATCC6051 50
2 #5443 3847 # NRRL B-569 50
3 A F AT 13061™ 50
4 2% EF HKH 6538™ 50.0
5 2% EF HHREH LK E LM (Staphylococcus aureus subsp. 50
Aurcus ) BAA-1683(MRSA  #)
6 2EHEEHHRAL K ETH BAA-41™(MRSA #HH) 25.0
7 2HETHREA L K ETH BAA-42™(MRSA #H ) 50.0
[0126] 8 42HET HRE L | ETH BAA-44™(MRSA # ) 50.0
9 2HERHRA L H E A BAA-2094™(MRSA H# #) 25.0
10 A& &8 #3KH BAA-2313™(MRSA # ) 25.0
- AXRETHHKRE LK AL 33592™H FABHRFRKXE o
O EH) '
12 A% & F HKE AIS2006032(5 F & EE A HK) 50.0
13 2% EF K BRS(FHFRAEGHRFZ EEEGEHK) 25.0
A% &% & KE AIS 1000505 % (VRS10, &7 & FE4y
14 , 25.0
B k)
&% & % &3k HE USA100 H#k 71080(VRSS, @ 7% & & &)
15 25.0
k)
16 FEH #HKH (Staphylococcus epidermidis ) 35984™ 25.0
17 E MR 19433™ 25.0
18 P Ph R 349™ 50.0
19 Hhn sk BAA-2320 25.0
20 F R 3k i NR-32065(% 7% & & 4 69 i #k) 50.0
21 BB Kt B F#3-1, NR-31912(7¢ 7% & F & 44 k) 50
22 Bk UAATI4(R 75 & & & 69 4 50
(01271 23 w44 3K B Salivarius AP 7073™ 25.0
24 M K4k 6301™ >100
25 BE3E 444 4F 8 ( Mycobacterium smagmatis ) 607™ 25.0
2% BB AW B AP ( Mycobacterium avium subsp. Avium ) 50.0
2285
27 HE B 7 o B 1 B 4 ( Mycobacterium kansasii ) 824™ 50.0
28 4 5B AT ( Mycobacterium bovis ) 35734™(BCG) 50.0
29 N 544 4T ( Mycobacteroides abscessus ) 19977™ 50.0
30 fif 8 5% #F ( Saccharomyces cerevisiac ) BY4743 125

[0128] TR 1IFEFAFESCCmecREIF—AH T FEAMEEEFHHIRE 0RSA) (LB
5-11) 25 TRBEJZE IS (ZuoZ A ,Sci . Rep.11:Article 5447 (2021)) . FEE £ LEDAT
T, R1IFAMRBIFTEMRSAE R IR E M0 . T8ug/mL- 3. 1ng/mLATRBAR I . FE— 5344
MATEZ4ECHEHREEHR (EH12-16) RBRB; B E—tBEEET . FFEM B R
HIERE R T 1. Oug/mLETIRE T AT
[0129] REFEKEE—MHREAR.EEEEEHTERRT - EEEEESHTHRB
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BERFAT (5:8516) RBRIL T AMEUERAMT A ELEHIE (BEM I HEZMERK) (B
17-21) JETRSEFRE T RBEURL (5B 23) , Mff R SEFRENRBE R 1% (£ E24) . BT
ANE R X 2 AT -

[0130] A, FEEEE S T, RBEE25. 0ug/mL - 100peg/mLKE T E1-23 (R 1) HFIHAY
ATEEZKAEAE B rHT R G A 2B EG T . EARBESIRE N ErEEE. &
LR E B FT A E 2 R A A BB 55 T A RBAEUR X L2 fE T IFRBE A — ek %
FMREVLH (MAREL =ESEREETH, FEARSEEES) FMH MEERKRE
=,

[0131]  #5 TRBXS M ITHE BRITTE G 1E (R H25-29) B @AY 2, EERBEEGT X
B S RO B A FERIMIC S FE S BR S5 T W= BIMICHIAE {PL - RBTE 2B BE 54 T DA (B35 48
W) BRIk E G B EERR AR (RE30) .

[0132]  BIAFEFHREREENRBIMICERNRETESEFRHRERTEIMICE &L -
B B AR R A TS E ROMICE R R BRI R £ R 2 2R 2B N N E D E

HEEMER-
[0133] &2
[0134] B FAERRERETEN— AT EZRHEAEBMICH S ST EEIMIC
[135] T2g®mE  [Euew MIC (ug/mL)
1 T B ST EATCC6051 125
2 TR 13061 ™ 125
3 SEEHEFRE6538™ 25.0
4 SEEEHERESEETABAA-44™ MRSAERR) |50.0
5 RS R Ee0T™ 50.0

[0136] EXEKIEEAREEUHEF TR BEFRTENEEcE8RENERKEYD
25ug/mLE #1250 /mLiRE T #A05] GR2HHIEEL-4)  FrhikE R T ES SRR E
BB E RIMICIE A BT E (ATCC607™) FH B AR ERINIRER & eI s F il
(BRTL) F#E AT (5H29,%1;5H5,%2) (LelovieZE A, J.Antibiot 73:780-789
(2020)) .

[0137] FEEBEH T, B FEHEERENRBIMICSEFRFRETRNENERI
H R A —E0E RBAT R BRI AE R &/ DA EIRE (BO) (b B 457 EERIFR2AH.

[0138]  FFAT A GHIRAIEEZ K IHIEAE O E A8 At £ E e H 5K
H R FEEHE .. ERRENRERER R — e S, DG E T E  BEEET
TR IR S PR AR B — ek 2 7.

[0139] EZ57%RB(HP-RBf) FUfnMiEiE it

[0140]  FEEITT R ZE B|FIRBEVIAE A S A ERBE E K [R I AE R A EE T
W EXRERIUERFARBN EZKHEAE EE EENEMEMNHBEE BEIE
FEER) .

[0141] SEEVESG T AESFIARE T ESNER o 1T & A (UH
RBEE T ERBNENHELEYWE (Pérez Laguna® A ,Photodiagnosis
Photodyn.Ther.21:211-216(2018)) .
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[0142] 75X B, B EH TR TR SR 4 B e EEHE508" 2k
SEEEETRET1080 (VRSS) AR ZFREINR - 32065H) BRI TN . E & EF R ERGE
ZERREHEREYER BN, (BEETIFEMER R T EEEE L EH ReiterF A,
J.Med.Microbiol.62:394-399(2013)) , 3t BT E =& H# BEw .

[0143]  FFKurosuZ A ,Molecules 27:322(2022) RiREHAEMENEFR , EEEFIERN
FEMEXTHR, ik EIEE &, H600ug/nL GHEAH>100sMIC) X E/EEIRE T M HESE, A
ENREFREERECH IR B T B ARNEDE. . EZT T L. RBEURREEE
BERE6508™ AW, H7E30. Oug/ul (38xMIC) ik FE/DT L, X EFESE S ER
(600ug/mL) W 2= E I THRUKFARRE] KurosuZ A, HALF -, E3) .

[0144]  RBENREMZERE LG THE SHAERFIEFROEYERGEE. REEEE
SRR E  (ERBEEE S T E N AVIERBRIEE 7E50. Opg/mL (BEE T 2xMIC) IRE
T.RBEZE/D T iEAEIEE . 7£500ug/mL (20xMIC) ik E T VW ZEH|£)110CFU/uLE
150CFU/mL. FE1000png/mLik E % F HIEZHE (N.D.) . fF ARG ZHRBIRE , B 251 S
EEFHEIRET1080 (VRS8) AR FZFRENR - 320658 = ME R N E B 25 DEIHESE .

[0145]  RBEJIAEA

[0146] JUEXERE TRBEME S T -RBELD 2 EAEMEEF B SARES
& REFEEEE, TR BB EG THIAENH (NsubugaZE A ,Nanoscale Adv.3:1375
(2021) ; flLamberZ: A ,Photochem.Photobiol.66:15-25(1997)) . RARAEEAEN SHIIRE,
[ERBEREE&E TR TR SHELKIIEAE, BiE 0 FITE . TR 8 AUiREE =
RFEEAERAEDE (550 RBEEEEG THITMEEIEI T AT L2 T A2 (Nakonechny 2
A, Int.J.Mol.Sci.29:3196(2019) ; fIKinZE A ,J.Enzyme.Inhibit.Med.Chem.35:1414
1421 (2020) ) -

[0147]  RBTEJCAES M TLA12.5mg/mL-25. Ong/nL AN AT HEE , EEBEEH TUA
25.0mg/mL-50.0mg/mLA TS TRATE B B - EFRMEE T ,RBRILA S SITEAIEE
AT EZ PR 12 RBIUFE BN A TR AEERN REEE - B TEZEEE S
B TFRBY EZ R PR AR L B AR E A EER, A=A E 2 R R AR FMRBEE (& 2
— DR E RIS .

[0148]  FRAIRKTINFSA TREES BT & (M. smegmatis) FIFTRBZEEZE {& , EIMIC(E $9200mg/mL
(LelovicZE A, J.Antibiot.73:780-789(2020)) .FIRBEHEIT A Z I TBZEY) (KR E &
HES FEF. EEREFEFEREEXTFETEK (aminouridyl
phenoxypiperidinylbenzyl butanamide,APPB) F1Z. B FHER) S (UL T HIZFES) .

[0149] 3

[0150]  RBAHUA AT R FAIXTRLYE 75 BT B & E PV - 101 Z5 P E AREIMIC
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L] RGeS BATH 607™ (A | ARELSBATH 607™ (RB XX
A ) # MIC (pg/mL) #) # MIC (pg/mL)
Ha 12.5 200
7 B 1.56 25-50
(INH)®
[0151] LAk MR 12.5 12.5
(ETH)
FRFE 0.78 0.78
AwmEE 3.13 3.13
#) 4@ F 1.56 1.56
APPB® 0.20 0.20

[0152] “FEEREEH FTREMICE.FEHT =%

[0153] 4y ABEIER & ALAOINHIF .

[0154]  “APPB=FEREFEFFHIEEFFE | BhZ, —FMra¥/Wec AT

[0155] AT, B/~ B/EME (INH) B9 X2t INNE—MEZET ETIELER
T ENEEF R HIKatGEEF TR MG L EIRT 25 - Kat CEAINHLUE BGR BB TH5 L Bl =
i“ﬂ?‘ﬁ% BEEES T, EENADHIRFIE FEEE - ACP B EZHEER) BRER L, frdif &
EZEIRTENSRERNENER TTRL, T30 B (VilchezeFE A,
Microbiol.Spectr.2:MGM2-0014-2013 (2014) ; fMorlockZ A\ ,Antimicrob.Agents
Chemother 47:3799-3805(2003)) -

[0156] H=1

o
NHNH, . SAcpM
NADH
5 KatG 8] InhA
NAD'
[0157] 1 HINADHA 5 i€
1 15 2
|-|;4c:'2 N,H, + H,0 + 1120, /\)j\ SR
l SAcpM .
N2

[0158]  MYRBALIE 7 BT EE K FH E INHAT 1, (B Enat OB AlEL % (ETH) BIMT 2
1 . INHF 52 e RO £ ZN L] R ka tCFRAYZR TR, METHH 2 I EESEthAZE (LabordeZE A,
Org.Biomol.Chem.14:8848-8858(2016)) .iX il =45 R AT RE R ERBRIMEN I E—
ek Z A INHHGHEE LA BGR B

[0159] > T [EBRETERYERLA], 8 A T —XDNAM 3 AR X AT RBALLIE 73 R T EEIATCC607
EiR#FT T 2EEANFESH (LeiZ A Microbiol .Resour. Announc. 8:e00551 (2019) ) .
—NEFHIBENAEE S B E EETisigna EETEEA (rseA: FILATGC: 10448XFT:0) FI7K
EBEEEEFTEEEER (?EIJJHGCACCCT- T1AETTG:0) A

[0160] Eit, SEHEARERENL , XEBARTSEENE B RFPNFERETL, T4
TEENEERJERIE  Rse ATEEZ D AT E (Mycobacterium tuberculosis) iR ENRF
T isigma EEFHIMER, HHriksigma EEF (SigE) o R E MR TETT < 2t
Mg B (BoldrinZs A, Sci.Rep.9:17643(2019) ; FWuZE A, J.Bacteriol.179:2922-2929
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(1997)) . H M, ITRBAEZE (R AR EIFETIRE R e AR TR FIRES B IS 1 B HTIE 1 , SN AEE X
RBEM 214 . — T, /KIBIEE A R RE B T S e e KA B AYA R
HIES R R F s R R A

[01e1]  HEiRiE, SRR /KIEE & A FERYIRI TR ZIE N T 4R R0,/ 8 , RIA/KEE
EBNS T HFREPN,0,A72%) (TongZE A, J.Biol.Chem.294:4583-4595(2019)) . At ,
(TR RBA] g KBE E B TRE . 5IEH,0, FE A E AR R R . B BE =2 , FEMTRBE IR
YT EEMERS (molybdopterin) {REMESE (WA RES GRILAT: TAREX T-TC: 0) R E R1E AL
PR H AL HER R .

[0162]  HfFEEA S A VAEL IR 0 T E R BB R BB i R T EER AR
FERINO - RBE] LATE N AL [REER) EALIE TR B B 152k, Fr ik E AL SR BB S (Ll )R
FAEEHERST RB ) SHRB=ES, SEREBTEHBRNEit, BOERESH TH
KRB, iR T IEER KR FES SEEEESEIRETTE CLMRIF R %
2 EM T REER I HER Rt R FEEER R IR RER - 7 20H . OH+
OH™” RIEIEE MR (ROS) BLIE £ FHIF -

[0163] F =2

2H"

» RB*® 0,° —— = H,0,
x t -
RB 0,

Fe®*
+OH-

*OH

[0165]  ZERIRBEIHE A , katGEEFE 2 4740 I . (bR ML TR T 0 INHZE St ek
Wl AT M= BIRBE by SR S T R0 5 T B IKat GRI /K , 1]
INHIE b o BT, 0, 6025 R R 7= A2 5 B i GEIE SR . SN R HORBR B
XL R AE (IS RITE B 4 EiE LT B ERRS 1 S KBS
Srhgy, (00, TV AR IS A B BRI B R S . DL TR S3F R
[0166] =3

(o]

R/\\\)I\SAcpM

o] NHNH, O0n -
NADH
7 | KatG 7 | \i\TA
———> NAD*
[0167] Ny ; i NN~ AP HNADHA 3T 5
. 85
INH  H:0,  NpH, +H,0 + 120, /\)I\ —_— AR
R SAcpM

l

N,
[0168] RBAETEZHREMFFEFEENLZE.EEEAERT ZHFELEE=RE
(B UWEBEMRIEHFE FIRE (W30 XN HAR, #FAT0.1%-2.0% (B11000ng/
mL-20000ug/mL) HJRB.
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[0169] FEBERHNFAMATHT . IREKT2.0%EIRBHINHEZLE] (WhitcherZE A,
Am.J.Ophthalmol.149:405-415(2010)) -1 iZ{EREHIHEAE A Vero GEINEIER'BRD AR
TRERBEEZE FHIERSNEEEE.

[0170] B Z&/=A T M VeroBEHITE MIMTUEAFIEESEIRETIESR, L0 Ftbi
A FHISEMEKE (SiricillaZ A, J.Med.Chem.60:2869-2878 (2017) ; AiSiricillaZE A,
J.Antibiot.68:271-278(2015)) . £ BAE & T Y24/ NE T Z A, RBE R HH Xt VeroZHREEY
IC. (& 7300uM (292pg/mL) .

[0171]  RBEIRITIRE FIRENZI0. InNE LG 10pM. FH I, X SN S NI ERE AT VA
FHRBIATT B A S BB A B T ERE X EBRIEEEE.

[0172] 454

[0173]  ProvectusE & E1r T EAZRBEIFEMAL TZ, Frik T Z FIE# 2 cGMPAIICH
FIEK A2 271G T EZSZXRBEL HIHI ™M ( PV-10® ) {E A R BIIERBIL ETE S BB Z
BEAETHNMEEENAESE. XE RSB AR LIKHRIHPV-10"<TRBIESE
MICEIERAR B Rl R BEFRE /1, RBIEE B U R FL K L4 E S PHIEZ0EE (MIC 0.39ug/
mL-3.1pg/mL) -

[0174] R RSERE 2R DECTIEZKIBIEEIHE & (ZHE P SURRIEZKEE
FEZ — FKNEEHF T EZKAEAEME RS AE T RIRBAEER SHEEM
HME = B 2R B 48 SEFRE R RBE T 254 S B EE R T H 5 1RiE .

[0175]  FRATESERBEARGEZRFHIEHE (BRETHEER) BEYENR T 258 %
FMEBREEET . RBUVRERBESREZRD T 22 5RENEKENM A ERE
PREOVF 25 40RE . IX LB 77 35 BR  RB B TR AR M A K I B AR UM 25 e AN R BB FE PR 77 -
[0176]  APRIANTTE

[0177] A=

[0178] FrERAE (K EE —#EEL (Signa-Aldrich,A1774-16) FiREHEE
(Sigma-Aldrich,C4142-16) ERERIAA D E—/K &8 (TCI,C2227) . LFi FIHEL (TCT,
E0695)  FAHFE (Sigma-Aldrich,I3377-56) «EZ&F] (Chem- Impex,29723) , Ei&IEE =K
&% (Ark Pharm,AK161987) , FJ7&F (Sigma-Aldrich,R3501-1G)) ¥ B & EE . [&IEH
B, &N IEH—E A BN A AR ERERIEF S AAPPB(EEREEXEIKIEE
FEETER) (MitachiZE A ,ACS Omega 2018,3:1726-1739; F1MitachiZE A ,MethodsX
2019,6:2305-2321) .

[0179]  AFREIKFE LRI LIHFI( PV-10*)

[0180]  EUFRA —HEL B iR{EProvectuslIE BB FE MBI FHEEFNEE EF| 58,
530,675.9,273,022709,422, 2607 ATk .

[0181]  FREVAHIE

[0182]  Z+it M A S8R A E BRI EATCC EEARREFMREREH L,
Manassas,VA) . T 251 E R4 EBELA R (NIAID) .

[0183]  LEAEIEFY

[0184]  FrERAAEEFHFERATE ST ISR HER R T A ERNE N EER
EATCCIEERI S B A K - F HATCCHEERIEARER EHRE M T IE R MR RRERY .
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AR R FFE (ATCC 607) 750.5% Tween®80Middlebrook THI0EFFRfAS (0.4 % Hil) (46)
IR ERZEFRREST CLL200rpnl R Z3H E , BIZFM A RIALYE 5 AT E (ATCC
607) IEE3 4K, &0 RITEH, RVEE10- 12K, FHERENHHE OtEE-0.5) . f# F96
FLEEFRYZE600nmAL MY 2 E .

[0185]  MICIlIE

[0186]  FrE Ml ¥HEEEEIRPRAEIE EfrET< (CLSI) FIERITEE (“Determining
laboratory reference intervals:CLSI guideline makes the task manageable,”
Lab.Med.40:75-76 (2009) .) . B 3FFRRGEREMESIA N S/RIEN E (broth dilution
microplate alamar blue assay)E(iE1TODIERETE &/ NIEIRE MIC) JEFFELEWE
FTEDMSOEk Eh 7K (1mg/100pLiRkE) ZIREREFTBMICHH R RIE R AR B R BIEE A
MM EME T LRI E—ILE , FHEFR (SR A10ul) #TEEHE.
T EHAR A & F R (190puL) FIREIEA LA (BEFAH200ul) ,FE3TC T IES 24/
B, FIENFLARIIA20uL IR E (0.02%) HEF4/NY, EFEERIRKREEENEZ RS
(NCCLS) it (A a=4K, BEE6=T LEK) E# T &NEZ 7T, M ATE S8 H#T
ODI & . TR 1873 UV-VisTESTOnmAI600nmAL M EE N TLAI L E .

[0187]  &H/NAEIRE (MBC) lI7E

[0188] KEFAREIENEE EFEFR LA BEMBEFRRT BEREFDAER
TR (418/NE) RETEAEE T B RTPFAEE1x10° CFU/nLF1x10° CFU/nLERE . ET
MIC(E, &l & & & 254 (MIC, 2xMIC- 20xMIC) B ig K it . B E AR S ERE E M E— A7
B IER ISR L IR AR ARTE R Y RE E AT 18] TIE S - 1 TCFU/mLiT 2. 81T
IR >99.9 % BIZAHE SEFR EMBC(E -

[0189] M FLohi)4mRE AANIEFT

[0190]  Vero#HiE (ATCC™CCL-81) & B ATCC.HEKZHAE (SCCE020) M EMilliporeSigma. & kR
N FHREN, SRR AR ESTERET.

[0191]  H4VeroBIETEFNFE B L0%FBS 1 % EE R $#EF/AM (cellgro™,30-002-CI) \1%
HyClone™MEMIEEE EFLAK (100X) (GE Healthcare Life Sciences,SH30238.01) FlI
1% H}'Clonemﬁﬁﬂlﬂﬁﬁ%m1001113»1%‘}?;2 (GE Healthcare Life Sciences,SH30239.01) BJEagle
IR VEZFFE MEM (CORNING®,10-009-CV) 7, FHE37C.100%EEM5% CO,
FERATEE . SRR R sERE , ERIEARR R0 % L& E , XEEKX
5K HAT 8] AUARTIEEER) .

[0192] B34 )L AFER &R ZE (MILLIPORE®, B FS#SCCE020) ZEEpiGRO™ A FE
B EEFRAEELEEEFHE (MILLIPORE®,SCMK001) HiksE  H7537°C . 100% /5
EM5% COREFRAHRET 2REERFEERE . EA=K, E2EFMEF100%C
EE.

[0193]  FVeroZHfm# TS IENZE

[0194]  FPE MK HEREEEIRRMER ZEMED< (CLSD) FIERITERE  FEIEBI.PV-10
HIZRE SN EE 24T HT. EANTL (InLEFE /T RN UL SR EY =
B (@.t.) TESETIESLh.2h.30M4hfE , BEIEFE FHAPBSHE x3) HiE. EIIASE
FE (ImL/FL) &, NA10plEg3- (4,5- —FAEmEmk -2-5) -2 5- —FE UM E (L (MTT) i5
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/R (FEPBSH5mg/mL) , F7E37°C (5%C0,) TEIEG3h.[REREFE  JHIIADMS0 (1nL/FL) &
FUITHE & BB~ it (LGS 711813 BioTek Synergy "HIH HHEITE
570nmib M E7E & B BE=8 e E (MitachiZE A, J.Med. Chem.63:10855- 10878 (2020)) .
[0195]  4&Vero B (5 X 10 MR/ TL (FE196uLETIESTREH) ) BTN  FE A E
FEEARIEREE (100%ICEE) - EEAFLAIIARB (0mM-300mM) .

[0196] {# FH IncuCyte®E MfEAY (Z 725 (Essen BioScience,Ann Arbor,MI) &/NETHEE
HE . EFRiTENEEMRLMITEICE (netric phase object confluence) (POC) W #HEEIE
EHTEE A EEEITSIL g2 EEESIEERENE

[0197]  EHES FTEEREZFEANF

[0198]  RIESLRTIRIERIEF# & MIRBALYG 5 ST B (ATCC607™) Bk (KaserZ A, Cold
Spring Harb Protoc. (2010)) . A T EEFI 8RR ALAHE A RBIT ISR B EER S 51E
(SNP) , iRIB S RIIRERIE F , WNTTRBRZ (& R H % A FRELE 7 AT 607 M HIEs B e il
rhafi{k Z£EZEDNA (LelovieZ A, J. Antibiot.73:780-789(2020)) .

[0199] Bai{b B EHADNARKZLBEFHERFEFAAF L (UMGC) , PAE AL HRY
T1lumina MiSeq™DNA-seqi RiFE(TRAEISEIS T L E S| & FIDNATIFE . [ FiFastQCiE(H3E
BT AN R A EL R E . ATrimmonati c ER R ERNEMEET LeiZE A,
Methods Mol.Biol.2069:125-138(2020)) . PAREYE% #iAT EE B PRFDAARGOS_6798) & EH A
EFERNZRE, A B FERAEYEE=T ESnippy (https://github.com/tseemann/snippy)
FHTSNPEL E BTk, 15 ANES TGN -

[0200] AS5|HEIEF . EF B EMXES B¥EL 5 HHFNRT AR “—
NI =M BIEZEIRINEEEEFR— (M) T (BT —M EIZD—A
EDb—f)) .

[0201]  EARFEAFEGIS FE 2GR, SRR AR E R KRR EHATEE R
HETHMETH, FEBE S ENERIFETARAR.
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