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ABSTRACT

Objective: The aim of this study is to develop in situ gel formulations containing besifloxacin
hydrochloride are heat triggered, which are prepared by using different poloxamer and derivatives
different polymers that will change the gelling temperature to increase corneal contact time,
regulate drug release, improve ocular bioavailability and increase patient compliance increase
mucoadhesion.

Material and Method: Various concentrations of poloxamer 188 (P188) and poloxamer 407
(P407) were used to create the in situ forming gels. To increase the gel's capacity for bioadhesion,
mucoadhesives such hydroxypropylmethyl cellulose (HPMC) or hydroxyethyl cellulose (HEC) were
included in the formulations. Drug release in vitro, sol-gel transition temperature, rheological
behavior, pH, clarity, and mucoadhesion force were all assessed for the produced formulations.
Result and Discussion: The developed formulations' gelation temperatures ranged from 29 to 35°C.
The preparations' viscosity and mucoadhesion force increased with increasing P407, HPMC, and
HEC concentrations. Besifloxacin HCI forms in situ gel formulas with K1, K2, K3, and K6 suited
for mucoadhesion characteristics, gelation temperature, and viscosity. These formulations exhibit
pseudoplastic flow. Increasing polymer concentrations resulted in a reduction in the burst release
of the formulations. However, at the end of 6 hours, drug release was finished in all formulations.
The results show that in situ gels containing P407 and P188 show promise for besifloxacin HCI
application.
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Amag: Bu calismamin amact, kornea temas siiresi artirilmis, ila¢ salimi diizenlenmis, okiiler
biyoyararlanmimu iyilestirilmis ve hasta uyuncunu artirmak amaciyla jellesme sicakligini degistirecek
farkli poloksomer tiirevierinin ve mukoadhezyonu degistirecek farkl polimerlerin kullaniimasi ile
hazirlanan 1s1 ile tetiklenip jellesen ve besifloksasin hidrokloriir igeren in situ jel formiilasyonlart
gelistirmektir.

Gerec ve Yontem: In situ jeller olusturmak icin poloksamer 188 (P188) ve poloksamer 407
(P407)'nin farkl farkl konsantrasyonlar: denenmis bununla beraber in situ jelin biyo-yapiskaniik
ozelliklerini artirmak amaciyla formiilasyonlara hidroksipropilmetil seliiloz (HPMC) veya
hidroksietil seliiloz (HEC) gibi muko yapiskanlar ilave edilmistir. Uretilen formiilasyonlarin in vitro
ilag salivm, sol-jel ge¢is sicakligi, reolojik davramslar, pH, berraklik ve mukoadezif kuvveti
degerlendirilmigtir.

Sonug ve Tartisma: Gelistirilen formiilasyonlarin jellesme sicakliklar: 29 ila 35°C arasinda oldugu
belirlenmistir. Preparatlarin viskozitesi ve mukoadezyon kuvveti, artan P407, HPMC ve HEC
konsantrasyonlart ile artmis. Patlama saliminda bir azalma ile sonug¢lanmigtir. Bununla beraber 6
saat sonunda biitiin formiilasyonlarda ila¢ salvm bitmistir. Jellesme sicaklig, viskoziteleri ve
mukoadhezyonlart uygun oldugu icin KI, K2, K3 ve K6 formiilasyonlar: segilmis ve bu
formiilasyonlara besifloksasin HCI yiiklenmigtir. Bu dort formiilasyonun psodoplastik akug
sergiledigi tespit edilmigtir. Artan polimer konsantrasyonlarinda formiilasyonlarin patlama
saliminda bir azalma ile sonu¢lanmugtir. Bununla beraber 6 saat sonunda biitiin formiilasyonlarda
ilag salimu bitmistir. Sonuglar, besifloksasin HCI uygulamasi i¢in P407 ve P188 igceren in situ
Jjellerin umut vadettigini géstermektedir.

Anahtar Kelimeler: : Besifloksacin HCI, in situ, jel, okiiler, poloksamer

INTRODUCTION

Because of the quick elimination caused by lachrymal flow, blinking, normal tear turnover, and
solution drainage by gravity, conventional liquid ophthalmic administration systems have limited
bioavailability and short precorneal residence times. To obtain the intended therapeutic effect, repeated
solution instillation is therefore required [1].

A common and efficient method for treating bacterial conjunctivitis is topical antibacterial drug
application to the conjunctival sac. The most popular antibiotics for treating bacterial conjunctivitis are
fluorogquinolones (FQs), although resistance to FQs has emerged as with many other antibiotics.
Besifloxacin, the newest fluoroquinolone, the first topical chlorofluoroquinolone, was created to have a
stronger antibacterial effect because of its distinct molecular structure, specifically for the treatment of
eye illnesses. Besifloxacin has proven its in vitro effectiveness against a number of infections, including
those that are resistant to other FQs and antibiotic classes. It is applied to both gram positive and gram
negative microorganisms. The U.S. Food and Drug Administration (FDA) approved besifloxacin
suspension at 0.6% in 2009 for the treatment of bacterial conjunctivitis [2-4]. However, Besifloxacin
HCl is a yellow powder with a molecular weight of 430.3 grams. Its melting temperature is 298°C. The
PKa value is between 6-7. It has a water solubility of 0.08 mg/ml. As the pH of the medium gets closer
to the acid, its solubility increases up to 10 mg/ml.

To extend the residence periods of the implanted dose and improve ocular bioavailability, a
variety of ophthalmic vehicles have been created, including inserts, ointments, suspensions, and agueous
gels [5]. However, owing to several limitations, such as obscured vision from ointments or limited
patient compliance from inserts, these ocular medication delivery systems have not been widely adopted

[6].

To increase patient compliance, extend a drug's precorneal residence duration, and increase ocular
bioavailability as a result, several in situ gelling systems have been developed. Due to a change in a
particular physicochemical parameter (such as pH, temperature, and ions) in the cul-de-sac, these
systems display sol-to-gel phase transitions [7].

Known for its great chemical compatibility, low toxicity, high solubility capacity for a variety of
medications, and exceptional drug-release qualities, poloxamer is a surface-active block copolymer
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composed of polyoxyethylene and polyoxypropylene [8,9]. However, because they may delay drug
release and had a sufficient level of inertness for the eye, poloxamers have been widely used as an ocular
drug delivery system. In contrast, a major drawback of poloxamer is its lack of mucoadhesive properties.
As a result, additional polymers have been used to enhance the mucoadhesive properties of poloxamer-
based ocular formulations, including sodium hyaluronate, carbopol, chitosan, hydroxyethyl cellulose
(HEC), and hydroxypropylmethyl cellulose (HPMC) [10-12]. Ocular application of a thermosensitive
in situ gel (prepared with p 407 and HPMC) loaded with ketorolac did not cause any irritation to the eye
[13]. In the stability study performed with Doxycycline loaded thermosensitive in situ gels (prepared
with P 408 and HPMC), it was determined that pH values, gelling temperatures and drug contents did
not change at the end of the study [14].

Our study's goal was to create an in situ gelling ocular delivery system for 0.6% besifloxacin HCI
employing combinations of poloxamer 407 (P407) and poloxamer 188 (P188). The gel bioadhesion
characteristics of two mucoadhesives (HPMC or HEC) were optimized by adding poloxamer at various
doses as an adjunct. The produced formulations were assessed for their pH, rheological behavior, sol-
gel transition temperature, in vitro drug release, and clarity.

MATERIAL AND METHOD
Materials

Besifloxacin HCL (Molecular weight: 430.3g), poloxamer 407 (P407), poloxamer 188 (P188),
hydroxypropyl methylcellulose (100 cp) (HPMC), hydroxyethyl cellulose (HEC) (640Cp),
Benzalkonium chloride (BAK), sodium chloride and phosphate buffered saline (PBS) tablet were
purchased from Sigma, Steinheim, Germany.

Preparation of the In Situ Forming Gels

For the creation of besifloxacin HCI in situ forming gels, various concentrations of P407 and
P188 with mucoadhesives like HPMC and HEC were utilized. Weight-based preparation of medicated
in situ forming gels was done utilizing the modified cold method [15]. Table 1 lists the ingredients in
the prepared formulations.

In a nutshell, for formulations, P407 and P188 were progressively added to the predicted volume
of cold acetate buffer (pH 4) (to increase the solubility of besifloxacin HCI) in a vial with a magnetic
bar while being continuously mixed with a magnetic stirrer. (Labinco, model BV, The Netherlands). In
order to create clear, homogeneous solutions, the partially dissolved poloxamer solutions were kept in
the refrigerator and stirred occasionally. Additional quantities of the mucoadhesive polymers HPMC
and HEC, each at concentrations of 0.5-1 percent (wt/wt), were mixed with the total poloxamer content
during production. In all formulations, NaCl was used as an isotonicity agent and benzalkonium chloride
as a preservative (Table 1).

pH

A pH meter was used to measure the pH. (HANNA, Germany). The measurements were made
three times (n=3).

Clarity

After gelation, the in situ gel formulation's clarity was assessed by scrutinizing it in bright light
against a dark background [16].

Gelation Temperature

The gelation temperature was measured according to the method reported by Qi et al. [17].
Briefly, each sample solution weighed 10 g, and it was put in a glass vial with a magnetic bar. The
preparation was heated beginning at 20°C, increasing the temperature by 1°C/min, while stirring
continuously at 100 rpm (Thermomac-TM19). It was decided to use the gelation temperature as the
point at which the magnetic bar stopped moving. Three measurements were made for each.
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Table 1. Ingredients in in situ gels

Content of ingredients in each formulation (%, w/w)
HEC Acetate Buffer
Code Poloxamer 407 | Poloxamer 188 | HPMC (LV) | (HV) BAK | NaCl |(gs)
K1 15 10 0 0 0,001 |0,2 100
K2 15 10 0,5 0 0,001 |0,2 100
K3 15 10 0 0,5 0,001 |0,2 100
K4 15 10 1 0 0,001 |0,2 100
K5 15 10 0 1 0,001 |0,2 100
K6 16 10 0 0 0,001 |0,2 100
K7 16 10 0,5 0 0,001 |0,2 100
K8 16 10 0 0,5 0,001 |0,2 100
K9 16 10 1 0 0,001 |0,2 100
K10 16 10 0 1 0,001 |0,2 100
Viscosity

With a CP 52 spindle, the Brookfield, DV2T-RV Viscometer (Essex, UK) was used to measure
the viscosity of in situ gels. The spindle runs at 1, 2.5, 5, 10, 20, 50 rpm angular velocity. In situ gel
viscosities were assessed at their gelation temperature. At various angular velocities, viscosities were
measured, and flow curves were created. Additionally, viscosity at 10 rpm was displayed for
comparison. Three measurements were made for each.

Determination of The Mucoadhesive Force

Using sheep cornea tissue that was obtained locally from butchers, in vitro bioadhesive force was
assessed using a texture analyzer instrument (TA.XT Plus, StableMicro Systems, UK) [3]. The eye was
then situated on the lower arm of the texture analyzer after the in situ gel had been applied to one of the
device's arms. For a contact period of 60 seconds, the probe from which the membrane was applied to
the basis was reduced at a force of 0.2 N and a speed of 0.1 mm/s. Resistance to probe removal was
tested to assess the in situ gel's bioadhesive efficacy. All bioadhesion measurements were performed in
triplicate

Production of Besifloxacin HCI Contained In Situ Gel Formulation

All formulations were assessed for their physical characteristics, and an appropriate formulation
was found. To a properly selected in situ gel formulation, besifloxacin HCI was added. These four
formulations were named K1, K2, K3 and K6. Commercial formulations of besifloxacin HCI are
available as 0.6% (w/v) ocular suspensions; consequently, besifloxacin HCI was employed in situ gel
formulations at a drug concentration of 0.6 %. Table 2 lists the recorded formulations, together with
Besifloxacin HCI and their physical characteristics.

Drug Content

Besifloxacin HCI concentrations were evaluated using a UV-vis spectrophotometer (UVmini-
1240 Shimadzu Japan) at 289 nm after diluting 1 ml of in situ gel in 2 ml of water, followed by 1 hour
of sonication in a bath sonicator [18].

Amount to encapsulated MHL

Drug Loading (%)= x100

Total weighted
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Table 2. Physical characteristics of medication formulations and their constituents

Formulation components and Physical

Properties Kl K2 K3 K6
Besifloxacin HCI (% w/v) 0.6 0.6 0.6 0.6
Poloxamer 407 15 15 15 16
Poloxamer 188 10 10 10 10
HPMC 0 0,5 0 0

HEC 0 0 0,5 0

BAK 0.001 0.001 0.001 0.001
Sodium chloride 0.2 0.2 0.2 0.2
Acetate Buffer 100 ml 100 ml 100 ml 100 ml
pH (£SD) 4.0240.01 4.05+0.02 4.01£0.03 | 4.03+0.02
Gelation temperature (°C+SD) 35+0.4 34+0.3 34+0.4 33+0.5
Viscosity (centipoise) 25°C 305+15 314435 309+47 322445
Viscosity (centipoise) 35°C 7642+124 8878+163 8745+212 | 107424222
Clarity Clear Clear Clear Clear

In Vitro Release Studies

In situ gel formulations were tested for in vitro release using the dialysis bag method [19]. The
dialysis membrans (Sigma, D9277) were closed, loaded with 100 ul of besifloxacin HCI, and then
deposited at 37°C in 10 ml of an isotonic phosphate buffer at pH 7.4. In this way, the sink condition is
provided. All of the medium were collected at various intervals (15, 30, 60, 120, 180, 240, and 360
minutes), and 10 ml new buffer media were transferred to replace the withdrawn samples. Besifloxacin
HCI concentrations were determined by UV-vis spectrophotometer. The total amount of medicine
released from each formulation over time was used to create a release profile for the besifloxacin HCI.
Three duplicates of the experiment were carried out.

RESULT AND DISCUSSION
Characterization of In Situ Gel Formulations

The in situ gel formulations were made using a variety of P407 and P188 combinations with or
without HPMC or HEC. Poloxamer-containing in situ gel compositions were transparent, clear, and
colorless by visual inspection. Since non-transparent formulations may cause visual blur and are
unpopular with patients, clarity is a highly desired property in ophthalmic formulations [20]° Examining
the in situ gel formulations in this investigation, it was found that they were all clear (Table 3).

Using a pre-calibrated pH meter, the pH of in situ gel compositions was determined. All the
formulations were found to have asidic pH, ranging between 4.00+0.03 to 4.07+0.01 (Table 1). To avoid
causing any irritation at the application site and to stop the medicine from being washed away by the
tears produced by the blink mechanism, the pH value of the ocular formulations should be the same as
or close to the pH value of the eye. To maintain the stability of the active substance or improve its
solubility, formulations with various pH levels can be created. Their solubility influences the
bioavailability of medications, thus the items being prepared must dissolve more quickly and are made
at a pH that won't irritate the eyes. However, because the preparations must be easily diluted with tears,
the buffer strength utilized during preparation must be minimal. Examining the literature reveals that
the pH range of 4 to 8 is suitable for eyes [21,22].

It has been determined that ophthalmic thermoreversible gels' sol-gel transition temperatures fall
within the 25-34°C range, making them appropriate for ocular administration. If a thermosensitive
formulation's gelation temperature is less than 25°C, a gel may develop at room temperature, and if it is
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greater than 34°C, a liquid dosage form remains at corneal surface temperature, causing the formulation
to drain from the eyes. Depending on the grade, concentration, and other formulation elements used,
poloxamer solutions are reported to undergo thermoreversible gelation. Combining the two poloxamer
grades would enable the gelation temperature to be modulated to fall within the acceptable range (25-
34°C) [23].

Table 3. Results of in situ gels' in vitro characterization analysis

Gelation temperature | Viscosity Viscosity
Formulation | pH (£SD) | (°C£SD) (centipoise) 25°C (centipoise) 35°C Clarity
K1 4.02+0.01 |35+0.4 305+15 7642+124 Clear
K2 4.05+0.02 |34+0.3 314+35 8878+163 Clear
K3 4.01+0.03 | 34+0.4 309+47 8745+212 Clear
K4 4.04+0.02 | 32+0.2 335429 10252+128 Clear
K5 4.07+0.01 |31+0.8 334436 10548+132 Clear
K6 4.03+0.02 |33+0.5 322445 107424222 Clear
K7 4.05+0.06 |32+0.4 325431 116424432 Clear
K8 4.00£0.03 | 32+0.1 327+65 127424467 Clear
K9 4.02+0.04 | 29+0.2 364+103 14813+424 Clear
K10 4.04+0.02 |29+0.3 368+94 149424214 Clear

To choose formulations with an appropriate sol-gel transition temperature and the lowest overall
poloxamer concentrations, two combinations of polymers grades were investigated and used in the
creation of the in situ forming gels. Results from formulations of besifloxacin HCI in situ forming gel
consisting of P407/P188 (15/10 and 16/10 %, wt/wt) were excellent. All of the besifloxacin HCI in situ
forming gel formulations were found to gel between 29 and 35°C, especially K1, K2, K3 and K6, which
are thought to be acceptable for ocular administration. This is shown by the data in Table 3.

The inclusion of mucoadhesive polymers, which allow attachment of the formulations to the
corneal mucin, would significantly minimize drainage of ophthalmic formulations from the precorneal
surface. According to Table 3, the in situ forming gels' transition temperature gradually decreased as the
concentration of the mucoadhesive polymers increased from 0.5 to 1%. The mucoadhesive polymers
HPMC and HEC, which decreased the gelation temperature of the gels, were responsible for this. Such
mucoadhesive polymers' capacity to bind to polyoxyethylene chains found in the poloxamer molecules
may account for their ability to lower the gelation temperature. This will encourage dehydration,
resulting in increased intermolecular hydrogen bonding and entanglement of nearby molecules, which
will significantly boost gelation at lower temperatures [24].

Determination of the Mucoadhesive Force

For in situ forming of ophthalmic gels, the mucoadhesive force is a crucial physicochemical factor
because it delays the formulation's precorneal residence time by preventing fast drainage. Fig 1 shows
the findings from the analysis of the mucoadhesive forces of all the developed formulae.

In formulations comprising mucoadhesive polymers as HPMC and HEC, the prepared besiloxacin
HCI in situ forming gels' mucoadhesive force dramatically increased. The mucoadhesive polymer
concentration in the formulations was also increased, which significantly increased the mucoadhesive
force. This could be explained by the fact that the primary source of mucoadhesion is secondary bond
forming groups, such as carboxyl, hydroxyl, ether, oxygen, and amine, and that the cellulosic polymers
used to make the in situ forming gels have a lot of hydroxyl and ether groups along their length, which
are in charge of the mucoadhesive properties. The bonds-forming groups in the in situ forming gels rose
as the concentration of cellulosic derivatives increased, improving the formulations' ability to adhere to
mucous membranes.
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The mucoadhesive forces of formulations made with HEC are larger than those of formulations
having the same proportion of HPMC, according to a closer examination of the mucoadhesive forces in
Fig. 1. This might be explained by the use of HEC rather than HPMC, which has a higher viscosity and
molecular weight. To enhance adhesion through entanglements and van der Waals forces, high
molecular weight is crucial [25].
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Figure 1. Mucoadhesion study results for formulations
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Viscosity

The effects and usefulness of in situ gels in vivo are improved by rheological characteristics.
When using extremely viscous in situ gels, a variety of issues could occur, however when using low
viscosity in situ gels, tears would quickly remove them from the eye's surface. High viscosity ocular
formulations are undesirable because they frequently leave a noticeable residue on the side of the eyelid
where they are applied. It is possible to lessen the deleterious effects of ocular reflexes, such as blinking,
on the formulation by using in situ gel formulations with pseudoplastic behavior. Longer corneal contact
time and a more comfortable application are made possible by the formulation's pseudoplastic flow [26].

The impact of rotational velocity modifications on the viscosity of a chosen formulation is
depicted in Figure 2 All in situ gel formulations at respective gelling temperatures showed pseudoplastic
flow (shear thinning system) similar to tear fluid when the rheological characteristics were studied.

According to a review of the literature, the ideal viscosity for optimal ocular administration is
between 50 and 50,000 cp. The bioavailability will rise with increasing viscosity as the formulation's
time spent in the cul de sac region of the eye rises [14]. As a result, viscosity values for all formulations
were determined at 10 rpm at both 25°C and 35°C. The evaluation of the results revealed that the
viscosity values varied according to the polymer concentrations (Table 3). This example demonstrates
the significant impact that polymer concentration has on viscosity. Examining the literature revealed
that the findings were consistent [27].

Four formulations were chosen after the characterization research of all in situ gel formulations
(pH value, gelation temperature, clarity, viscosity, and mucoadhesion). In each of the four formulations,
0.6 percent of besifloxacin HCI was added (Table 2). The formulas in question are K1, K2, K3, and K.
All formulations were found to be transparent, with pH values around 4, and have gelling temperatures
between 35 and 33°C.
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Figure 2. Rhelogical behaviors of in situ gelling systems

Drug Loading

It has been discovered that all formulations have loading capacities of more than 97 % (Fig 3).
This demonstrates that medication loading is unaffected by polymer concentration. Examining the
literature reveals that the findings are consistent [5,28].

Drug Release

Formulations containing besifloxacin HCI (percent 0.6) were employed, and in situ gels were
subjected to in vitro drug release tests at 35°C and pH 7.4 isotonic phosphate buffer. The in vitro release
profiles of besifloxacin HCI are shown in Figure 4. Examining the release patterns of the formulations
K1, K2, and K3 for besiloxacin HCI revealed that some produced > 65 percent drug release, whereas
K6 showed 58 percent release for two hours. The besifloxacin HCI had released 95% by the end of the
sixth hour. As a result, the sixth hour was considered to be the last time the drug was released.

The findings demonstrate that the amount of medication burst released was lowered as poloxamer
P407 concentration rose from 15 to 16%. These findings show that when the concentration of P407 rose,
the gel's structure acted as a more formidable barrier to drug release. The decrease in the number and
size of water channels and the rise in the number and size of micelles inside the gel structure may be the
mechanisms causing this improved resistance [29]. Higher viscosity and a slower rate of drug release
are a result of more cross-links between surrounding micelles due to the smaller intermicellar distance
[30]. The rheology investigation that shows a direct correlation between gel concentration and viscosity
may strengthen this idea [31].

The findings demonstrate that the amount of medication released was lowered as poloxamer P407
concentration rose When polymer in the formulation is involved, analysis and modeling of medication
releases become challenging. In situ gels are created using polymers that expand in water, such as
poloxamer, HPMC, and HEC. These polymers release through a mechanism controlled by diffusion,
erosion, or a combination of the two [32]. Utilizing the non-linear regression model of KinetDS, the
drug release kinetics of besifloxacin HCI from in situ gels were determined. Table 4 lists the parameters
and R2 determination coefficients (determination coefficients) that were determined using this method.
Evaluation in the study was done using a variety of models, including zero-order, first-order, Hixson-
Crowell, Higuchi, Weibull, and Korsmeyer-Peppas models. The release kinetics of besifloxacin HCl in
all formulations follow the model established by Weibull when the regression coefficients are examined.
The release data from swellable polymeric systems best fit the Weibull model, according to certain
research that has been studied in the literature [33-35].
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Figure 3. Drug loading given in percentages for Besifloxacin HCI (n=3)

Table 4. In vitro release kinetic parameters of besifloxacin from in situ gel

47

Zero Order | First Order - P Korsmeyer-Peppas . » | Hickson-Crowell
Sample (R?) (R?) Higuchi (R?) (R?) Weibull (R?) (R?)
K1 0.8144 0.6880 0.7215 0.9618 0.9854 0.7351
K2 0.8151 0.6902 0.8007 0.9482 0.9931 0.7266
K3 0.8042 0.6826 0.7984 0.9621 0.9954 0.7232
K6 0.8002 0.6571 0.7975 0.9447 0.9889 0.7042
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Figure 4. Cumulative release of besifloxacin HCI from in situ gel
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In conclusion, as part of the investigation, multiple polymer solutions were made that had
different concentrations of P407, P188, and the mucoadhesive polymers HPMC and HEC. All of these
formulations underwent in vitro evaluation (pH, clarity, gelation temperatures, rheological behavior,
and mucoadhesive tests). All formulations were discovered to exhibit a pseudoplastic flow resembling
tears. The polymer ratios employed affect the corneal adhesion of each formulation, yet it can be seen
that they are all at the intended level. When the gelation temperatures were compared to the poloxamer
amounts, it was discovered that the gelation temperature dropped. K1, K2, K3, and K6 formulas were
chosen because they gel at eye temperature. However, it was discovered that the pH of all formulations
was close to 4. Since the pH range for ocular administration is between 4.0 and 7.4, it has been
determined that the formulations won't irritate the eyes. Then, besifloxacin HCI was added to four
formulations. These two formulations had a pH of 4.0, were gelated at a temperature between 35 and
34°C, and had pseudoplastic behavior. Additionally, it was shown that both formulations' drug loading
capacities exceeded 97%. Four formulas, nevertheless, were made available for six hours. It is believed
that increasing a medicine's interaction with Its bioavailability may be increased by the ocular surface.
Such medication includes besifloxacin HCI as an example. However, it is believed that conjunctivitis
treatment success will be increased by co-administration with an antibiotic derivative. With these four
formulations, the medication was released for a longer amount of time than with conventional eye drops,
extending its residence time on the eye. The four formulations are therefore viewed as promising
besifloxacin HCI drug delivery methods.
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