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ABSTRACT

Bacterial conjunctivitis has high impact on the health of the population, since it represents more than a
third of ocular pathologies reported by health services worldwide. There is a high incidence of bacterial
resistance to the antimicrobials most commonly used for the treatment of conjunctivitis. In this context,
besifloxacin stands out, since it is a fluoroquinolone developed exclusively for topical ophthalmic use,
presenting a low risk of developing resistance due to its reduced systemic exposure. Bausch & Lomb
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markets it as ophthalmic suspension, under the trade name Besivance™. Literature review on besifloxacin
is presented, covering its pharmaceutical and clinical characteristics, and the analytical methods used to
measure the drug in pharmaceutical products and biological samples. High performance liquid
chromatography is the most used method for this purpose. A discussion on Green Chemistry is also
presented, focusing the importance of the development of green analytical methods for the analysis of

drugs.

Introduction

Infectious conjunctivitis has a high impact on public
health, accounting for more than a third of eye conditions
reported by health services worldwide. It is a highly conta-
gious disease with the ability to spread rapidly. For these
reasons, infectious conjunctivitis has a high impact on the
population and on health services.! The antimicrobial
agents used to treat this pathology are very important,
since they allow the reduction of its infectious propagation,
absence time at work or school, recurrence of infection and
the risk of progression to potentially irreversible ocular
damage.[1‘3] However, in recent years there is a tendency
of bacterial resistance to the most commonly used antimi-
crobials for this purpose.”!

In this context, besifloxacin stands out. It is a fluoro-
quinolone exclusively recommended for ophthalmic use,
recently inserted in the Brazilian market, which presents
high efficiency against the major bacteria that cause infec-
tious conjunctivitis, such as Staphylococcus aureus, Staphy-
lococcus  epidermidis,  Streptococcus  pneumoniae, and
Haemophilus influenzae. Reports of resistance to this fluo-
roquinolone are not frequent, so this drug is of great
importance for clinical practice nowadays.”! Besifloxacin is
marketed as its hydrochloride form by Bausch & Lomb,
under the trade name Besivance™, in the pharmaceutical
form of 0.6% ophthalmic suspension.

Thus, the quality control of this drug is essential, since
poor quality antimicrobial agents may contribute to the
aggravation of the bacterial resistance current situation.
Therefore, the quality of these products must be strictly

controlled and analytical methods need to be developed,
validated, and improved for this purpose.l*! These methods
should preferably be environmentally friendly, since guaran-
teeing the quality of products and processes without damag-
ing the environment meets the globalized needs.® The
development of analytical methods capable of reducing or
eliminating the use and/or generation of hazardous substan-
ces for the environment and operators is one of the most
important areas of Research and Development in Green
Chemistry, in a subarea called Green Analytical Chemistry
(GAC).>7

In this review, a search of the pharmaceutical and clinical
aspects of besifloxacin was carried out to inform and assist the
clinical community about the rational and responsible use of
this drug in order to prevent the emergence of resistant strains
and adverse effects. At the same time, a review of the analytical
methods present in literature for the analysis of this drug was
carried out. A discussion with emphasis on the 12 principles of
GAC, proposed by Galuszka and collaborators (2013), was per-
formed.!! These principles were based on the concepts of
Green Chemistry proposed by Paul Anastas (1999)."!

For this, searches were conducted using the MEDLINE, Sci-
ence Direct, and SciFinder databases, until August 2017, using
the English language. The main terms used were: “besifloxacin”
in combination with “conjunctivitis,” “chemical structure,”
“mechanism of action,” “resistance,” “pharmacokinetics,” “anti-
microbial activity,” “clinical use,” “side effects,” “analytical
methods,” “green analytical method,” “chromatography,”
“U-HPLC,” “spectrophotometry,” “spectrometry,” “agar diffu-
” “microbiological method,” among others.
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Historical facts: Besifloxacin x conjunctivitis

Conjunctivitis is an ocular pathology that affects people of
all age groups and can be classified as infectious and non-
infectious. Infectious conjunctivitis is caused mainly by bac-
teria, which account for 60% of the cases, but can also be
caused by viruses (20%) and to a lesser extent by fungi and
parasites.'>*'°! More than a third of eye conditions reported
by health services worldwide are related to infectious con-
junctivitis. In addition, it is a highly contagious disease,
with the ability to spread rapidly. For these reasons, infec-
tious conjunctivitis has a high impact on the population
and on health services.!"!

Usually, conjunctivitis is a self-limiting disease. Evidence
indicates that patients not treated with antimicrobial agents
have high rates of spontaneous remission and low risk of ocular
sequelae, such as blindness and structural damage to the
eyes.>!!) However, evidence also suggests that treatment with
topical antimicrobial agents may shorten the time of disease, as
well as reduce its contagious spread, absence time at work or
school, recurrence of infection, and the risk of progression to
potentially ocular damage, as reported in literature."~*! Thus,
the economic and personal benefits of proper treatment are
evident.

Bacterial conjunctivitis in adults is mainly caused by
Gram-positive bacteria Staphylococcus aureus, Staphylococ-
cus epidermidis, and Streptococcus pneumoniae, as well as
Gram-negative bacteria Haemophilus influenzae. While S.
aureus is predominant in adults, H. influenzae predomi-
nates in children.”!

Several classes of topical antimicrobials have been used in
the treatment of this ocular pathology, such as aminoglyco-
sides; combinations of polymyxin B with trimethoprim, baci-
tracin, and/or neomycin; macrolides and, more recently,
fluoroquinolones, which are considered highly efficient and
well tolerated by patients. However, in recent years, some
microorganisms commonly associated with bacterial conjuncti-
vitis have shown greater resistance to commonly used topical
antimicrobial agents. Higher degree of resistance was found in
Gram-positive bacteria, especially S. aureus. In this way, there
is a growing need for new and more effective treatments to
combat these bacteria.”!

Fluoroquinolones are bactericidal antimicrobial agents,
which act against Gram-positive and Gram-negative bacteria,
many of them associated with conjunctivitis.!'? This class of
antimicrobials is widely used for the treatment of ocular infec-
tions due to their wide spectrum and low toxicity.””! In the last
decades, several new fluoroquinolones have been developed,
reflecting efforts to combat resistant bacteria.'?

In the 1990s, the first fluoroquinolones for topical ophthal-
mic use were introduced in the North American market,
including ciprofloxacin, ofloxacin, and norfloxacin, all belong-
ing to second generation. Rapidly, ciprofloxacin and ofloxacin,
due to their effectiveness, have reached the world market for
the treatment and prophylaxis of ophthalmic infections. Nor-
floxacin was not as effective for this purpose.*

Later, three other fluoroquinolones were approved for oph-
thalmic use: levofloxacin, third generation; gatifloxacin and
moxifloxacin, both of fourth generation. These three
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fluoroquinolones present higher activity against Gram-positive
bacteria in relation to ciprofloxacin and ofloxacin.™*! However,
there are already reports in literature regarding bacterial resis-
tance to all these antimicrobials, including from bacterial oph-
thalmic isolates.!>>!2!8]

Although gatifloxacin and moxifloxacin present lower rates
of resistance, these numbers are increasing, mainly because the
same antimicrobials are also used for the treatment of systemic
infections and for prophylaxis in surgical procedures, which
are factors commonly associated with the occurrence of resis-
tance.!”! Thus, the importance of the development of antimi-
crobials for specialized use stands out.*!

In this context, besifloxacin, the newest member of the
fourth generation of fluoroquinolones, stands out. This anti-
microbial was developed only for topical ophthalmic use,
meeting current needs. In contrast to other fluoroquino-
lones, besifloxacin is not used for the treatment of systemic
infections, making this antimicrobial unique in its class and
presenting lower risk of developing resistance due to
reduced systemic exposure.’!

Besifloxacin, marketed as besifloxacin hydrochloride, was
developed by the Japanese company SSP Co. Ltd., and named
S§734. In 2000, the Japanese company licensed U.S. and Euro-
pean rights of this antimicrobial agent to InSite Vision, for oph-
thalmic use. Thus, InSite Vision developed an ophthalmic
formulation (eye drops) (ISV-403) and conducted preliminary
clinical trials before selling the product and all rights to Bausch
& Lomb in 2003."""!

Besifloxacin has been approved in the United States by the
Food and Drug Administration in May 2009 for the treatment
of bacterial conjunctivitis in adults and children over one year
of age.>?*"2? This fluoroquinolone started to be used in Brazil
in 2011, when it was approved by the National Health Surveil-
lance Agency, for the same purpose.”?!! This drug is marketed
as besifloxacin hydrochloride (Chemical Abstract Service
[CAS]: 405165-61-9) by the US pharmaceutical company
Bausch & Lomb, under the trade name Besivance™, in the
pharmaceutical form of 0.6% ophthalmic suspension. This
pharmaceutical form was developed with drug delivery technol-
ogy known as DuraSite™ (InSite Vision, Inc., Alameda, USA),
which makes the formulation more viscous than other suspen-
sions and ophthalmic solutions, allowing the antimicrobial
agent to remain for longer time in contact with the ocular
surface.*"*!

Pharmaceutical and clinical aspects
Chemical structure

Besifloxacin (Figure 1) is chemically known as {7-[(3R)-3-ami-
nohexahydro-1H-azepin-1-yl]-8-chloro-1-clyclopropyl-6-fluoro-
1,4-dihydro-4-oxo-3-quinolinecarboxylic acid}.!**! Its chemical
formula is C;oH,;CIFN;O; and the molecular weight is
430.40 g/mol.?>*!

It is a synthetic chiral fluoroquinolone marketed in a
pure enantiomeric form.?" Structurally, besifloxacin mole-
cule has an important 1-N cyclopropyl group, which is
responsible for the broad spectrum of activity of this fluoro-
quinolone against aerobic bacteria. This substituent also
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Figure 1. Chemical structure of besifloxacin.

appears in other fluoroquinolones, such as in ciprofloxacin,
gatifloxacin, gemifloxacin, and moxifloxacin."***! The fluo-
rine atom present at the 6-position of the molecule is an
important pharmacophore. The chlorine atom, present in
position 8, is responsible for increasing the potency of the
antimicrobial against bacterial enzymes DNA gyrase and
topoisomerase IV, which increases its potency.'>**! Besiflox-
acin is not soluble in water and has pKas of 5.64 (strongest
acidic, from hydroxyl) and 9.67 (strongest basic, from pri-
mary amine).2627]

Synthesis route

The first step in the synthesis of besifloxacin hydrochloride
(Figure 2) is the condensation of the ethyl 3-(3-chloro-2,4,5-tri-
fluorophenyl)-3-oxopropanoate compound (I) with triethyl
orthoformate, generating a mixture of vinyl esters (II). Thereaf-
ter, there is a substitution with cyclopropanamine, which con-
verts the compound II to vinyl amide (III), as a mixture of cis
and trans-isomers, which was treated at elevated temperature
to obtain structure IV. The trans-isomer isomerized to the cis-
isomer, which generates an intramolecular nucleophilic aro-
matic substitution with concomitant saponification to generate
the quinolonic acid (IV). The quinolone (IV) is then subjected
to another nucleophilic substitution involving iminoazepine
and the displacement reaction proceeded regioselectively to
provide the atomic structure of besifloxacin (V). The acidic
methanolysis of compound VI at elevated temperature resulted
in besifloxacin hydrochloride (V1)1

Mechanism of action and resistance

Regarding the mechanism of action, as well as other fluoroqui-
nolones, besifloxacin binds to bacterial enzymes DNA gyrase
and topoisomerase IV, which are essential for DNA replication
in bacteria.!"»*>?°! Thus, inhibition of these enzymes interferes
with transcription, replication, and separation of bacterial chro-
mosomal DNA during cell division.”*®! Fluoroquinolones have
bactericidal action.**")

Mechanisms of resistance to fluoroquinolones generally
involve point mutations in the genes encoding the subunits of
the bacterial enzymes DNA gyrase and topoisomerase IV, as
well as changes in bacterial membrane efflux pumps. However,
in the case of resistance, besifloxacin has some theoretical
advantages over other fluoroquinolones. One of these advan-
tages is the fact that it has high affinity for the two enzymes
mentioned, unlike other fluoroquinolones, which have affinity
for only one of them, which contributes to the occurrence of
resistance.l'?®! Thus, for a bacterium to become resistant to
besifloxacin, it is necessary to develop spontaneous mutations
in the genes that encode the subunits of these two enzymes,
which is a less likely event to occur.””! In addition, besifloxacin
is only available for topical ophthalmic use, which limits its sys-
temic exposure and, consequently, reduces the development of
resistance.>’!

Dosing and pharmacokinetics

The recommended dosage for the treatment of bacterial con-
junctivitis with Besivance™ is one drop in the affected eye
three times a day (every 8 hours) for 5 days and may be
extended to 7 days depending on the medical criteria.”?! Some
studies confirm the efficacy of this therapeutic regimen for the
treatment of conjunctivitis.**~** Other fluoroquinolones, such
as ciprofloxacin, gatifloxacin, levofloxacin, and oxofloxacin,
require more applications per day, being 1 to 2 drops every
2 hours in the first 2 days and then 1 to 2 drops, for at least
4 times a day, for another 5 days. Only moxifloxacin presents
dosage equivalent to besifloxacin.? Thus, the besifloxacin dos-
ing regimen is advantageous over the other fluoroquinolones
used for the treatment of conjunctivitis, which contributes to
the patient adherence to treatment and, consequently, to thera-
peutic success.!
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Figure 2. Synthesis route of besifloxacin hydrochloride. Source: adapted from.!"




Pharmacokinetic study carried out by Ward, Lepage, and
Driot (2007) showed that after a single application of
Besivance™ in rabbits, very low levels of antimicrobial were
found in the plasma (<10 ng/mL), which demonstrates mini-
mal systemic exposure of besifloxacin in ophthalmic suspen-
sion. In addition, the binding of besifloxacin to plasma proteins
was low (38.5-44.0%). The authors also observed that
DuraSite™ release technology used for the formulation of besi-
floxacin 0.6% ophthalmic suspension, makes the ocular mean
residence time (MRT) of this antimicrobial be long-lasting. In
tears, conjunctiva, aqueous humor, and rabbit plasma, the
observed MRT values were 923, 458, 422, and 689 minutes,
respectively. Although the MRT of besifloxacin in plasma was
of long duration, the drug concentration was generally very low
(<0.01 ,ug/mL).Bs]

Another study, conducted with adults suspected of bac-
terial conjunctivitis who received Besivance™ bilaterally
three times a day (total of 16 doses), also demonstrated the
minimal systemic exposure of the antimicrobial, since after
the first and last dose, the maximum plasma concentration
(Cmax) in each patient was less than 1.3 ng/mL. The mean
Cimax of besifloxacin was 0.37 ng/mL on first day and
0.43 ng/mL on sixth day. The elimination half-life of besi-
floxacin in plasma after multiple dosing was estimated at
7 hours.*?

Proksch and coworkers (2009) studied the pharmacokinetics
of besifloxacin in 64 healthy volunteers. The authors observed
that the maximum concentration of besifloxacin in the tear
fluid of the volunteers was 610 jg/g after 10 minutes of topical
administration. They also noted that a concentration of 10 g/
g was maintained in the tear after 12 hours, and of 1.60 ng/g
after 24 hours. These concentrations are considerably above the
minimum inhibitory concentration required to eliminate 90%
(MICy) of most of the bacteria responsible for conjunctivitis,
such as S. pneumoniae, S. aureus, S. epidermidis, and H. influ-
enzae. The elimination half-life of besifloxacin in human tears
was estimated at 3.4 hours.”®!

Microbiological spectrum and clinical use

Besifloxacin hydrochloride, in the pharmaceutical dosage form
of 0.6% ophthalmic suspension, is indicated for the treatment
of bacterial conjunctivitis caused by the following bacteria:
Aerococcus viridans, Corynebacterium CDC Group G, Coryne-
bacterium pseudodiphtheriticum, Corynebacterium striatum,
Haemophilus influenzae, Moraxella catarrhalis, Moraxella lacu-
nate, Pseudomonas aeruginosa, Staphylococcus aureus, Staphy-
lococcus epidermidis, Staphylococcus hominis, Staphylococcus
lugdunensis, Staphylococcus warneri, Streptococcus mitis group,
Streptococcus oralis, Streptococcus pneumoniae, and Streptococ-
cus salivarius.*”

Study conducted by Haas et al. (2009) showed that besifloxa-
cin presents lower minimum bactericidal concentration than
moxifloxacin, gatifloxacin, ciprofloxacin, azithromycin, and
tobramycin for S. aureus, S. epidermidis, and S. pneumoniae,
proving that it is the most potent antimicrobial agent used
against these bacteria. In addition, besifloxacin showed greater
efficiency against Gram-positive and Gram-negative bacteria
resistant to other fluoroquinolones.”’
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Haas et al. (2010), later, evaluated the bactericidal activity of
besifloxacin and other antimicrobial agents (oxacillin, tobramy-
cin, azithromycin, ciprofloxacin, moxifloxacin, and gatifloxa-
cin) against the following common bacterial conjunctivitis
pathogens: S. aureus, S. epideridis, S. pneumoniae, and H. influ-
enzae. Results have indicated that besifloxacin unlike the other
tested fluoroquinolones, besifloxacin showed high potency and
bactericidal activity even against strains that contained multiple
mutations in genes encoding DNA gyrase and topoisomerase
Iv.1%¢)

Brown-Elliott et al. (2012) evaluated the susceptibility of
atypical or nontuberculous mycobacteria associated with eye
infections to 10 antimicrobials, including besifloxacin. The
main isolates were Mycobacterium abscessus, Mycobacterium
chelonae, and Mycobacterium fortuitum. The most active anti-
microbial agents against M. abscessus were amikacin and clari-
thromycin/azithromycin. Quinolones (including besifloxacin,
but mainly gatifloxacin and ciprofloxacin), clarithromycin/azi-
thromycin, amikacin and tobramycin were more active against
M. chelonae. Quinolones have also been shown to be more
potent against M. fortuitum.[39]

In addition to the antimicrobial activity, study conducted by
Zhang and Ward (2008) showed that besifloxacin also acts as
an anti-inflammatory agent in monocytes in vitro, which may
improve its efficacy in ocular infections with an inflammatory
component.ml

Side effects

The systemic toxicity caused by besifloxacin is low, as its sys-
temic exposure is negligible.*® This antimicrobial is well toler-
ated by patients, with the occurrence of few adverse effects,
which are mild in severity and transient in nature. The most
common adverse event is conjunctival redness, but there are
also reports of blurred vision, ocular pain, eye irritation, ocular
pruritus, and headache.'*!

Comstock and coworkers (2010) evaluated the safety and
tolerability of besifloxacin ophthalmic suspension 0.6% in the
treatment of bacterial conjunctivitis across clinical and phase I
safety studies, in 1350 patients. The authors confirmed the
drug systemic exposure was negligible. No changes in corneal
endothelial cell density were observed. Blurred vision, eye pain,
eye irritation, nonspecific conjunctivitis and eye pruritus were
the most reported adverse events, however, in a small percent-
age (<2.1%) and mild in severity. Regarding non-ocular
adverse events, the most frequently reported was headache
(1.8%). In this way, the study concluded that besifloxacin oph-
thalmic suspension 0.6% is well tolerated and has satisfactory
safety profile.*”!

Silverstein and coworkers (2011) evaluated the efficacy and
tolerability of besifloxacin ophthalmic suspension 0.6% when
administrated twice daily for 3 days, in adults and children
with bacterial conjunctivitis. Bacterial conjunctivitis, conjuncti-
vitis, and allergic conjunctivitis were the most related adverse
events, in a low percentage (<1.9%) and of mild or moderate
severity. The authors concluded this dosage scheme was effec-
tive and well tolerated by patients.”**

Malhotra and coworkers (2012) investigated the safety and
tolerability of besifloxacin ophthalmic suspension 0.6%
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compared with moxifloxacin ophthalmic solution 0.5%, when
used prophylactically to prevent postoperative endophthalmitis
following sutureless cataract surgery. The results obtained with
both medicines were similar, and the authors concluded besi-
floxacin was well tolerated, since no adverse events were
reported.*!

Analytical methods and stability studies: A green approach

Monitoring the quality of pharmaceuticals is an extremely
important practice for the health of the population. Any health
service can be severely compromised if the drugs available to
users do not meet acceptable standards of quality, safety, and
efficacy. This importance becomes even more evident when we
consider the quality of antimicrobials used in clinical practice.
According to the Global Report on Surveillance of Antimicro-
bial Resistance, published by WHO in 2014, antimicrobial
resistance is no longer a predictor for the future, as is happen-
ing right now, all over the world, and endangering the ability of
health systems to treat community and hospital-acquired com-
mon infections.!*?! In this context, low quality antimicrobials
may contribute to the aggravation of this situation, and the
quality of these products must be strictly controlled. Thus, it is
essential that the Quality Control of the pharmaceutical indus-
tries rely on effective and fully reliable analytical methods to
monitor the quality of their pharmaceutical products.
Alongside the importance of developing reliable analytical
methods for analysis of drugs, nowadays there is also a great
concern for the impact that these methods can have on the
environment. The demanding public opinion and the trend
toward sustainable consumption gave rise to the first concepts
of Green Chemistry in the 1990s. The main concept of Green
Chemistry is the use of chemical skills and knowledge to reduce
or eliminate the use or generation of hazardous substances dur-
ing the planning, manufacture, and application of chemicals in
order to minimize threats to the health of operators and on the
environment.!”’ One of the most active areas of Research and
Development in Green Chemistry is the development of analyt-
ical methodologies. New methods and techniques that are capa-
ble of reducing and eliminating the use and generation of

hazardous substances at all stages of chemical analysis are the
main targets of the so-called GAC.””™® GAC concepts also
extend to the analysis of pharmaceuticals.

Anastas (1998) proposed 12 principles for Green Chemistry,
which were adapted by Galuszka, Migaszewski, and Namiénski
(2013), to better satisfy the GAC.!**) The 12 principles of
GAC are shown in Figure 3.

In literature, there are few published works that present the
development of analytical methods for the analysis of besifloxa-
cin, and all of them are presented in Table 1. Figure 4 (a) shows
a graphical representation of these works.

Most of published works describe high performance lig-
uid chromatography (HPLC) for the analysis of besifloxacin
in different matrices, such as human lacrimal fluids,"**! rab-
bit plasma and ocular tissues,*” ophthalmic suspen-
sion, %) raw material,’*”! cornea and aqueous humor,**!
and a mixture of enantiomers (R-besifloxacin, used in the
antimicrobial formulations, and S-besifloxacin, its main
impurity).!*”!

HPLC is one of the most important members of a family of
separation techniques. To perform this technique, small col-
umns filled with specially prepared materials and a mobile
phase are required. The mobile phase is eluted under high pres-
sure with the aid of very sophisticated equipment, which can be
completely automated. This method is notable for presenting
some special properties, such as the ability to perform separa-
tions and quantitative analyzes of a large number of com-
pounds present in a sample in a few minutes, with high
resolution, efficiency, and sensitivity.*® In addition, it allows
repetitive and reproductive analyzes with the same column and
allows the use of a wide variety of mobile and stationary phases,
which contributes to its prominent position among instrumen-
tal analysis methods."")

However, in all described HPLC methods (Table 1), solvents
potentially toxic to the environment and health of operators
(acetonitrile, methanol, n-heptane, and ethylenediamine) were
used in the composition of the mobile phases (Figure 4[b]).l??
This fact is not in accordance with the 11th and 12th principles
of the GAC, mainly. In a search in literature, it is also possible
to find many works describing chromatographic methods for

12 PRINCIPLES OF GREEN ANALYTICAL CHEMISTRY

6 8 6§

Direct analytical The size and
techniques should quantity of In situ analyzes
be applied to samples should be must be
avoid the sample as small as performed
treatment step possible
Gen&? ‘ l
large volumes of Multi-analyte
analytical waste methods should
should be avoided  be preferred over ?;: :,:o:';‘“"b:
and the correct methods that Aiinimized
management of analyze one
this waste should analyte ata time
be provided

m;‘::jzlof Automated and
processes and miniaturized Derivatizations
operations must be methods should be should be avoided
performed selected
R:;g’:n:n:zh: ::::d Toxic reagents must The safety of
o acas shonidiba be removed and operators should
preferred replaced be increased

Figure 3. 12 principles of Green Analytical Chemistry proposed by Galuszka, Migaszewski, and Namiénski (2013).1!
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All published analytical methods for besifloxacin
analysis

= HPLC

= U-HPLC

s UV spectrophotometry
Other methods

a)
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b)

Organic solvents used in published
chromatograhic methods

D

= Methanol

= Acetonitrile

= Ethanol
Dichloromethane

u Isopropyl alcohol

= Diethylamine

= n-heptane

Figure 4. (a) Graphical representation of published analytical methods for the analysis of besifloxacin in different matrices. (b) Graphical representation of organic solvents
used in published chromatographic methods for the analysis of besifloxacin in different matrices (by HPLC and U-HPLC).

[5 [54]

other fluoroquinolones, such as orbifloxacin, 31 norfloxacin,
and sparfloxacin./”>®!

Ultra-efficient liquid chromatography (U-HPLC), in turn,
was used to analyze besifloxacin and other quinolones in
cosmetics *”) and in a mixture of R-besifloxacin and S-besi-
floxacin enantiomers.”® U-HPLC technique is more mod-
ern than HPLC and has numerous advantages over it. The
main advantage is the reduced analysis time, since the U-
HPLC analyzes are considerably faster than in HPLC, which
generates solvent and electric energy savings and is, there-
fore, environmentally favorable. This technique also
presents better sensitivity and resolution. Regarding the sep-
aration mechanisms, they are the same as in HPLC; how-
ever, the analytical columns used in this case are usually
smaller, packed with smaller particle sizes.>”’

In all described U-HPLC methods for besifloxacin analysis
(Table 1), the authors also opted for the use of potentially toxic
solvents (methanol, acetonitrile, dichloromethane, and isopro-
pyl alcohol) (Figure 4b), as well as buffer solution, which can
cause clogging in the chromatographic system, reducing its use-
ful life.!*”

Different detectors were used for the methods of HPLC and
U-HPLC, such as UV and/or DAD,P"0474%5738] and mass
spectrometer.[44’45’48]

Two studies propose the development and validation of
spectrophotometric methods in UV region for the analysis of
besifloxacin.”®!! One of these studies aimed to quantify the
drug in raw material and ophthalmic suspension'*’! and the
other in raw material and simulated biological fluids.!*"! Spec-
trophotometry in the UV region is an instrumental method
widely used for the quantification of drugs, since it is consid-
ered simple, fast, economical, and reproducible.'®*~**! However,
it is a non-selective method and is not suitable for the detection
of degradation products and impurities.'*® Spectrophotometric
methods are also found in literature for other fluoroquinolones,
such as ciproﬂoxacin,[67] norfloxacin,'®®®”  orbifloxacin,””’
lomefloxacin,"”"! gatifloxacin,"”? and sparfloxacin.””>7*!

Costa et al. (2014) developed and validated a microbiological
agar diffusion method for the potency analysis of besifloxacin
in ophthalmic suspension.”") However, this method requires
24 hours for the analysis of results, and this time is considered
high for routine analyzes of the quality control in a pharmaceu-
tical industry. Long periods of analysis also result in a greater
expenditure of electrical energy, going against the 9th principle
of the GAC. Microbiological methods are also found for other

fluoroquinolones, for example orbifloxacin, 751

cin,”* norfloxacin,””! and sparfloxacin./”#-5!

Microbiological methods play an essential role in the
manufacturing and quality control processes of antimicrobials
as they provide information on the biological activity of these
drugs that the physicochemical methods are not able to pro-
vide. Often the part of the molecule essential for antimicrobial
activity may not be the same detected in the physicochemical
method, generating false conclusions about the quality of the
drug[51#7]

Attia et al. (2016) developed and validated a complex elec-
trochemical method using gold nanoparticles modified carbon
paste electrode in micellar medium for the analysis of besifloxa-
cin in raw material, ophthalmic suspension, urine, and plasma.
Gold is a nonrenewable resource, so this method is opposed to
the 10th principle of GAC.*!

Traditional volumetric methods are also described for fluo-

roquinolones such as non-aqueous titration using perchloric
acid.[#45°]

ciprofloxa-

Costa et al. (2014) were also the only authors to describe a
stability study for besifloxacin. The objective of this study was
to demonstrate the selectivity of a chromatographic method
previously validated by them. Besifloxacin was subjected to
forced conditions of degradation in acidic, alkaline, thermal,
oxidative, and photolytic media. Besifloxacin sample was main-
tained under these conditions for only one hour (with the
exception of thermal condition, in which the sample remained
for 24 hours). In thermal and basic conditions, besifloxacin
remained stable in this period. In the photolytic, acid and oxi-
dative conditions, there were signs of drug degradation, but
without the detection of new peaks in the chromatograms. The
drug demonstrated greater instability under photolytic
conditions.?!)

The question of how much the drug should be degraded
raises controversy and is not very well established. In general,
for the development of stability-indicating methods, the accept-
able is a degradation in the range of 5 to 20%. A higher degra-
dation can lead the formation of secondary degradation
products, which are not commonly found under normal shelf
conditions, therefore not being considered products of
interest.!**5”]

Thus, there is a need for further stability studies regarding
besifloxacin, since in the only study found in literature, the
authors submitted the drug to stressful conditions for a very
short period, failing to achieve degradation in the range of 5 to
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20%, as recommended.”?!) At the same time, accelerated and
long-term stability studies were not found in literature.

It is possible to observe that there is a gap in literature
regarding practical and environmentally friendly analytical
methods for the analysis of besifloxacin, as well as more
detailed stability studies.

Conclusions

Conjunctivitis, which accounts for more than a third of eye
problems reported in health services worldwide, although it is a
self-limiting disease, needs to be treated with effective antimi-
crobials in order to reduce the time of disease and its conta-
gious spread, absence at work and school, and the risk of
permanent eye damage.

According to the literature review, besifloxacin is a very
important drug for the treatment of infectious conjunctivitis,
since it presents less occurrence of bacterial resistance than
other drugs used for the same purpose and, at the same time,
presents great efficacy and tolerability. The low rate of resis-
tance to this antimicrobial is mainly due to its exclusively topi-
cal ophthalmic use.

Considering the importance of besifloxacin for clinical prac-
tice, its quality should be strictly controlled in order to reduce
the risk of bacterial resistance and, at the same time, ensure its
therapeutic efficacy and patient safety. For this, reliable analyti-
cal methods must be developed for this purpose. These meth-
ods should preferably be green in order not to cause harm to
the environment and the health of operators, in accordance
with the principles of Green Chemistry and GAC. The litera-
ture review in this regard showed that most of the described
methods do not meet these requirements, since they make the
use of potentially toxic solvents. This fact shows the urgent
need for the development of new methods, which comply with
the principles of GAC, in order to meet global needs. The need
for further stability studies of this drug has also been noted.
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